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Abstract

Medical units; requires dynamic color and lighting for patients, staff and caregivers’ multiple tasks and
comfort. This requirement can be met effectively with LED (Light Emitting Diode) based light sources. For
this reason, LEDs have found their place in the medical sector. LEDs with their energy-saving and eco-
friendly features, besides the lighting area they have begun to be used in many areas such as advertising
signs, traffic signs, and imaging. In addition, due to its ability to spread variable wavelength, its use in the
dermatology field is being discussed in the medical sector. The aim of this study is to highlight the
importance of LEDs in the medical sector by examining the LED and IR LED components used in medical
systems. The areas where the LEDs are used in the medical sector were handled and analysis and
determinations was carried out in an application project.

Keywords: LED, medical, energy, lighting, efficiency.

1. INTRODUCTION

With the development of semiconductor technology, LEDs have been used frequently in the medical sector.
LEDs, that have proven their superiority in the field of illumination, are used in the treatments methods of some
dermatological diseases and malaria. In malaria studies, LED microscopes are used. LED fluorescent
microscopes are seen to consume less power, have longer life than light microscopes. They also offer great
advantages because they can be used in daylight settings and they can work with battery [1].

One of the reasons why LEDs are used in the medical sector is the wide color spectrum. The color characteristics
of the multi-colored Multichip LED luminaire for the interior are examined in the studies. A multi-colored LED
prototype with color dynamism between 2700 and 6500 K was designed and evaluated for image quality, color
temperature and luminous efficiency. In these studies, the designed multi-colored multichip LED luminaire has
proven to be advantageous compared to conventional lamps used for dynamic illumination and task operation
in health units [2]. In addition, high density narrow-spectrum light (HINS-light) studies have been carried out
for hygiene of medical units. In these studies, the white LED's were included in the HINS-light EDS as the
lighting effect would be predominantly white [3].

LEDs basically work on the principle that the electric energy that is emitted by the action of free electrons in
the diodes is converted into optical light. The LEDs are classified based on the spectrum and wavelength of the
light that they are emitting as visible light emitting LEDs and infrared LEDs (IR LED). The IR LEDs are based
on their working principle that the signal of a certain wavelength is detected by the IR receiver [4-5-6]. IR
LEDs are preferred in many applications due to cost, volume, long term reliability and fast switching
advantages [7].
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Durable, efficient, energy-saving, long-lasting and maintenance-free are the most important factors for the
preferences of LEDs today. The advantages of the LED over other light sources are shown in Figure 1 [5].
According to chart, it is obvious that LED is the most economical solution. Provided that their lifetime is high.
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Fig. 1. Cost account for commercial or industrial buildings [5]

It was envisaged that the luminaires would run 12 hours a day when cost accounting was calculated for the
lighting system. In this chart incandescent bulbs are not represented because they are cheaper than other light
sources (It has not been used for such applications for many years). As you can see, the LEDs are the best
solution provided that their lifetime is high. It is clear that the life span of the bulbs or the replacement period
is as important as the recycling of the so-called "energy-saving" bulbs, at least as much as consumption [5].

In the structures that requires optimum visual sensitivity such as health institutions, the lightening bears one
times more importance [8]. For this reason, it is important to analyze the lighting results in advance. M & V
(Measurement and Verification) has become an indispensable process in EEDSM (Energy Efficiency and
Demand Side Management) programs to measure and verify project performance accurately and reliably in
terms of energy and cost savings [9].

Hospitals' energy consumption and CO2 emissions are higher than commercial establishments. According to
the U.S. Energy Information Administration (EIA) research, the share of lighting systems in energy
consumption in healthcare systems is 16% and the share of electricity consumption is 44%. The reasons that is
brought by these results, required the need for the studies on energy efficiency, saving, comfort and
performance in hospitals [10]. In addition to the lighting luminaires selected in the studies, the emphasis has
been placed on energy efficiency and saving of lighting control [8].

Lightening levels in hospitals are determined according to the room functions mentioned in the Cibse’s book
named "Code for Interior Lighting" [8].

While the use of LEDs is widespread in the lighting industry, the LED lights can be a solution for some
treatments. LED lights are used in dermatology treatments for acne, scarring and leg ulcers [11]. It has been
suggested that LED lights used in dermatology are effective in wound healing by increasing collagen
production. After the discovery of solar healing by Danish physician and scientist Niels Ryberg Finsen,
phototherapy was born as an artificial radiation source. Along with these improvements, the electromagnetic
spectrum has become visible and the benefits of infrared wave segments have been discovered [12].

In this study, a simulation program for space lighting in a healthcare facility in the projecting process will be
used to indicate the contributions to the project if LEDs are preferred. The appropriateness of the designed
enlightenment to the standards will be examined. In this structure, that will be used for health purposes, a
detailed analysis for lighting, energy saving and ergonomics will be carried out.

2. LEDS USED IN MEDICAL TECHNOLOGY

LEDs in the medical sector have a wide range of application areas. LEDs have been replaced the halogen lamps
in the medical sector due to their long service life, durability, maintenance requirements, low operating cost,
high color rendering yield and low heat dissipation. Advantages of LEDs ensure optimal lighting requirements
in operating rooms. Power LED's medical lamps have become the lighting model of choice for surgical teams
all over the world with innovative lighting technologies [13].

2.1. Operation LED Lamps

Operation lamps are designed to provide efficient illumination in extended operations without excessive heat
dissipation. For LED luminaires to be installed in the ceiling, transformers are installed in the ceiling or the DC
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voltage is converted to a lower voltage through the control panel installed in the wall to apply the luminaire
[14].

Because surgery is the most important factor in the operating room, lighting should be done accordingly.
Surgical lights are designed to provide optimal illumination in small areas of surgery and low-contrast diagonal
cuts and body cavities. Optic position is achieved by inserting light for the surgical procedure. Compared to
LED's, halogen lamps have low lighting power. The lighting power of the halogen lamps (the ratio of the
lighting lumen to the 1 watt input power) is much lower than the LED's. That is, LEDs use less power to provide
the same level of illumination. LEDs consume about 33% less energy than halogen lamps [15].

Filters used to prevent invisible radiation caused by halogen illumination also further degrade lighting
efficiency [13]. LEDs designed for surgery do not require such applications. In addition to achieving a 95%
color rendering ratio in LEDs, very low temperature and low light pollution are emerging [16].

Another issue that is important in surgical interventions is the formation of shadows. Shadow formation in
LEDs can be controlled better than halogen lamps. There is a single bulb and a versatile reflector in the halogen
lighting system. This versatile bulb creates hot and cold areas that should not be present. LED headlamps collect
LEDs in one single head. This creates a block to prevent self-overlapping LEDs, for this reason the LED spots
are round and consistent [15]. There is no shadow formation as the heads of surgeons move around the light
field during surgery [17]. Figure 2 shows the LED lamp test applied in the operating room [15].

Fig. 2. Shadow of lamp test [2]

The person performing the surgical procedure in the lamp shadow test is performing a shadow test by bringing
his / her hands between lamp and work. In the operating rooms, mobile and reflective LEDs also provide
controllable illumination by being mounted on sterilizable arms [15].

LED sources are capable of producing millions of colors along with white light in a wide range of color
temperatures [16].

2.2. IRLED

In the medical sector, IR LEDs are available for adjusting light intensity. IR LEDs that are used by remote
control require low cost. Thanks to the IR LED, a dimmer circuit should be designed to dim the lamp used in
the operating room. This circuit provides an advantage in terms of power saving. The diagram used for IR
communication is shown in Figure 3 [13].
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Fig. 3. Dimmer circuit block diagram designed for dimming the operating room LED-lightening luminaire [3]
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3. APPLICATION DESIGN

The architectural plan of the health institution project examined is shown in Figure 4. The ceiling lighting is

positioned according to the general ceiling plan, and the steerable lighting is positioned according to the
operating table layout shown in furnishing plan.
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Fig. 4. Operating room furnishing plan

The minimum luminous level that should be provided in the operating room is 100 lux [14]. Accordingly, the
operating room architecture has been imported into the DIALUX lighting simulation program. In Figure 5 and

Figure 6, the light emitting curve of the selected sterile ambient illumination is shown in the operating room
lighting simulation.

The light flow of the light source of the sterile media ceiling is 4258 lumens, color temperature 4000 K, color
rendering is (CRI)> 80 and consumption power is 46 W. The drive has a constant current output system.
Luminaire life is > 50.000 hours [18]. According to IEC 60601-2-41 standard for color temperature, surgical
lamps should be between 3000 K and 6700 K [19].

s

b — @
e / \ b
o I 20 I e
| |
|i |
55 |
5 'y __.:1' s
Y.
, /
\\ a0 //
50
» 19 o 15 »
o /kdm = 100%

€0 - €180 oW -

Fig. 5. Light emitting curve of the operating room ceiling LED lighting luminaire (cd/kIm: 1000 lumen reduced units of
light emitting curves)

The light flow of the navigable operating room light source is 4849 lumens, color temperature is 4000 K, color
rendering is (CRI)> 80 and consumption power is 34.8 W. The drive has a constant current output system.
Luminaire life is >60000 hours [20]. The selected luminaires must be dim-compatible to be dimmed.
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Fig. 6. Operating room LED steerable light emitting curve (cd/kim: 1000 lumen reduced units of light emitting curves)

The level of lightening in the working plane was determined considering that the height of the operating room
tables is at least 0.85 m.

To compare LEDs and conventional lighting in medical systems, a different simulation was performed by
selecting a compact fluorescent luminaire. However, for directional lighting, the reflector LED used in the LED
lighting simulation was chosen. The light emitting curve of the selected compact fluorescent is shown in Figure
7. The same number of compact fluorescent luminaires each have 2581 lumens of light flow and 64 W power.
The compact fluorescent luminaire has a color rendering (CRI) of 58.6. The life of the luminaire is
approximately 10,000 hours [21].
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Fig. 7. Light emitting curve of the compact fluorescent lighting luminaire selected for comparison (cd/klm: 1000 lumen
reduced units of light emitting curves)

4. RESULTS OF DESIGN

In the simulation results, the regional lightening light intensities in the operating room are shown in Figure 8
and Figure 9 respectively as LED and conventional systems are simulated separately.

Fig. 8. Regional lighting levels with LED lighting in the operating room (Scale: 1/55)
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Fig. 9. Regional brightness levels in conventional operating room with conventional lighting (Scale: 1/55)

In Table 1 and Table 2, luminaire information for LED and conventional systems is given.

Table 1. LED lighting system luminaire light flow and power information

®(Luminaire) ®(Lamps) PIW]

No Pieces Specification(Correction factor) [Im] [im]

1 8 ARLIGHT E E 3012 GAC-46W-4K(1.000) 4258 4260 46.1

2 2 EAE 3109674 PB2 035U 40FS00 LB 4K841C(1.000) 4849 4849 34.8
Total: 43760 43778 438.2

Table 2. Conventional lighting system luminaire light flow and power information

®(Luminaire) ®(Lamps) PIW]

No Pieces  Specification(Correction factor) [im] [im]
1 2 EAE 3109674 PB2 035U 40FS00 LB 4K841C(1.000) 4849 4849 34.8
2 8 LITPA 200331881 FGS 300/4x18W-WP(1.000) 2581 5400 64.0
Total: 30349 52898 581.6

Table 3. Mean, maximum and minimum brightness intensity according to LED lighting system simulation

Surface p [%] Em[Ix] Emin[lx] Emax[Ix] Emin/Em
Working plane / 1412 752 2015 0.532
Floor 20 1144 730 1473 0.638
Ceiling 70 298 199 334 0.669
Walls (4) 50 667 221 1284 /

Table 3 shows the average, maximum and minimum brightness intensities in the LED lighting system.

Table 4. Average, maximum and minimum brightness intensities according to the conventional lighting system simulation

Surface p [%] Em[Ix] Emin[lx] Emax[Ix] Emin/Em
Working plane / 1104 459 1819 0.415
Floor 20 911 507 1293 0.557
Ceiling 70 184 128 211 0.699
Walls (4) 50 401 145 641 /
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1000 lux criterion in the working plane and minimum illumination to normally illumination ratio value
minimum illumination to normally illumination ratio value is bigger than 0.4 which is the uniformity condition
in the working plane are provided [14].

5. EVALUATION

According to the simulation results, energy efficiency, luminous efficacy, color rendering, luminaire life,
installation cost and energy saving were evaluated.

5.1. Energy Efficiency and Luminous Efficacy

According to the simulation results, the sum of the luminous fluxes in the LED lighting system is 43760 lumens,
and the total luminous flux produced by the luminaires is 43778 luminaires. Here energy efficiency can be
calculated as 43760 lumens / 43778 lumens = 0.99. In the conventional lighting system, the sum of the luminous
fluxes is 30349 lumens, and the total luminous flux produced by luminaires is 52898 lumens. Here energy
efficiency is calculated as 30349 lumens / 52898 lumens = 0.57.

According to these results, the LED lighting system is superior to the conventional system in terms of energy
efficiency. Furthermore, when looking at the minimum illumination to normally illumination ratio value of
these two different lighting systems, more homogenous lighting was achieved with the LED lighting system.

According to the simulation results, LED light sources with lower power in the same number provide higher
illumination intensity than compact fluorescent lamps.

Looking at Table 1 for the luminous efficacy (Luminous efficacy Im / W), it is seen that the lumen / watt ratio
in the LED lighting system is 99.9. In Table 2 this ratio is 90.95. According to this, LED lighting system is
superior in terms of luminous efficacy.

With the selection and control of lightening luminaire in energy consumption, it is possible to save
approximately 50% in lighting energy. The most efficient system for long-term use is the LED lighting system.
When considering the standards as seen from the simulation results, with the LED lighting system it is possible
to obtain high efficiency with low power consumption in medical environments such as operating rooms where
high brightness level is required. It is advantageous to install LED lighting in order to meet the performance
requirements required by the standards.

5.2. Color Rendering Index (CRI)

While color rendering index is CR1> 80 in the LED lighting system, this ratio drops to 58% in the conventional
system. In environments where color sensitivity, such as an operating room, should be optimal, LED lighting
systems seem to be superior to the classical system. According to the CIE (International Commission on
Illumination), the color rendering index in medical units is at least 80.

5.3. Luminaire Life

One of the important criteria in choosing a luminaire is the luminaire life. The life of the LED luminaire is
50,000 hours, while the compact fluorescent can operate for approximately 10,000 hours. The LED lighting
system lasts at least 5 times longer.

5.4. Installation Cost and Energy Saving

LED lighting system installation costs 5-6 times more than the conventional system [18, 21].

However, looking at Table 1 and Table 2, 143.4 Wh is the savings with the LED system. The difference created
by the cost of installation is amortized over a period of time with power saving. Since the same number of
luminaires are used, it is possible to calculate the depreciation times by comparing the power consumption.
When only this work carried out in this study is taken into consideration, the difference in the installation cost
of the LED lighting system is compensated in a very short time.
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Fig. 10. Comparison of conventional system with LED lighting system

When this graph is examined, it is seen that the lighting system using LED luminaires is superior to the
conventional fluorescent lighting system in the four cases examined except the installation cost. Dissemination
of domestic production LED-based lighting systems for the lighting sector, which is about 20% in energy
consumption, is of great importance for the country's economy.
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Abstract

There is a proportional relationship between enhancing the quality of education and lighting educational
environments. The better the extent of lighting in an educational environment is, the better the quality of
education is. The lighting design of educational environments has been seen to have a direct impact on the
efficiency of education. Studies show that parameters such as color rendering, color temperature and
lighting uniformity of the light source directly affect the quality of education.

In this study, an educational environment was modified to be suitable for human physiology. Moreover, the
form of lighting design that was most efficient in terms of influence on success in the educational
environment was comparatively interpreted using the Dialux lighting design program. An attempt was
made to achieve the most efficient lighting design by analyzing the lighting intensity levels, effectiveness
factors, color rendering and color temperatures of the designs created using fluorescent and LED
luminaires in the same educational environments.

Keywords: interior lighting, lighting design, power efficiency, LED luminary, fluorescent lamp

1. INTRODUCTION

Lighting is one of the important applications among the modifications made in the environment where people
live; this is because one of the basic principles to ensure that all indoor and outdoor areas of use are sufficiently
healthy and comfortable is the sufficient amount of lighting [1].

A good amount of lighting not only provides conditions that must be met in order to make the living
environment comfortable and healthy but also saves time and energy and increases efficiency. If an
environment is not illuminated well, the resulting difficulties of sight tire the eyes. Many accidents occur due
to inadequate lighting. Inadequate amount of light leads to a decrease in efficiency. Accidents are reduced and
success at work is increased in a place that is illuminated well, because the functions of vision, perception,
decision-making and implementation are faster in such a place [2, 3].

Good lighting improves motivation and work efficiency as well as preventing the eyes from getting tired
quickly. Insufficient lighting leads to impairment of the eyes and increased work accidents. Additionally,
fatigue caused by insufficient lighting leads to distraction, demoralization, and temporary and permanent
blindness. A good amount of lighting ensures to get fast and quality products. A poor amount of lighting, on
the other hand, obstructs sight and reduces work efficiency to a great extent. There are two types of lighting to
illuminate areas of use, natural lighting (daylight) and artificial lighting. Natural lighting is the most common
and the cheapest one of these two types of illumination. Lighting that is close to daylight is superior to artificial
lighting in terms of efficiency of vision [4].

Sunlight makes objects look nice and enhances work efficiency and comfort. Moreover, using natural light
provides energy savings. Savings through electricity also leads to a reduction in environmental pollution. It has
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been determined that working conditions under natural light positively influence people’s psychology and let
them work more comfortably [5, 6].

The LED technology is spreading at a great rate in the world of lighting. LED means “Light Emitting Diode.”
It is an electronic circuit component that converts the electrical energy into the light energy by using
semiconductors. The first LED produced in 1962 was red in color and had a narrow field of use. After 50 years
of use, the LED technology has begun to be produced in various colors and illuminate the world. Among the
lighting components, they have achieved to become the most efficient lighting component, consuming the
lowest energy and having the longest life [7].

The power consumption per light flux is quite high in incandescent lamps, discharge lamps and fluorescent
lamps, which had been used before the LED technology. Moreover, they have a very low lifespan. The light
sources are compared in Table 1.

Table 1. Power, Efficiency and Lifespan Values of 5 Types of Lamps with 1600 Lumen Light Flux

LAMP TYPES POWER VALUES EFFICIENCY VALUES | ="
Incandescent Lamp Glow Filament Lamp 115 Watt in 1600 lumen 1600 lumen/115 Watt = 14 1.000
Halogen Lamp 100 Watt in 1600 lumen 1600 lumen/100 Watt = 16 go(;JOrS
Fluorescent Lamps T series 28 Watt in 1600 lumen 1600 lumen/28 Watt =57 ?cgjorg
Compact 23 Watt in 1600 lumen 1600 lumen/23 Watt =70 gc;uorg
LED Lamp 15 Watt in 1600 lumen 1600 lumen/15 Watt =220 Egl(J)TSOO
ours

Unlike fluorescent lamps, LED lamps do not emit ultraviolet and infrared rays. And, unlike fluorescent lamps,
they do not contain mercury vapor and similar gases, either. For this reason, they are environmentally friendly.
Another superior feature of LED lamps is that the light they emit is stable and does not flicker. Fluorescent
lamps and economical incandescent lamps flicker in a way that human eyes cannot sense. For this reason, they
are harmful for the health of eyes [8, 9].

In educational environment designs, stone wool suspended ceilings are generally used in dimensions of 60 cm
x 60 cm. As a result, 4 x 18W fluorescent lamps with parabolic cover glass luminaires are quite common. In
such applications, if it is desired to use tube-shaped LED lamps instead of tube fluorescent lamps, it is not
necessary to replace any luminaires. Electric energy savings of 30% to 45% can be achieved if LED lamps are
used, without lowering the lighting quality [10, 11, 12].

Tube fluorescent lamps can be replaced with tube-shaped LED lamps; in addition, LED-based luminaires
measuring 60 cm x 60 cm with opaque lids are also used as an alternative to 4 x 18W fluorescent lamp
luminaires [13].

Lighting design is a discipline of science and art, defining the relationship between space and user by using
sources of light. It is a discipline of science as it uses scientific data to explore the physical and psychological
effects of light on people. It is a discipline of art as it includes the act of design (certain subjective and aesthetic
norms are used in it). The main purpose of lighting design is to make people feel good. Research has proven
that a well-planned lighting design positively affects learning processes in educational institutions, efficiency
in offices, and recovery span in hospitals [14].

This study focuses on the use of lighting in educational settings. Moreover, the study explains the aspects of
lighting with LED luminaires in educational environments that are superior to those with fluorescent luminaires.
2. DESIGN PROJECT

A lighting design was carried out for an educational environment within the scope of this study. The design
was achieved using the Dialux program.

e  First, an appropriate-size classroom was planned.
e In this classroom, windows and doors were added as well as steps to raise elevation.
e  Classroom objects were added. The colors and surface materials of the objects were selected.

e  Finally, lighting luminaires were added, and calculations were made for a good quality of lighting.
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2.1. Description of Space

The lighting of the educational environment was designed using LED lamps — which are considered to be the
most efficient lighting components — and fluorescent lamps. The educational environment and environment’s
steps as seen that figure 1 and 2.

Fig. 1. The educational environment

Fig. 2. The educational environment’s steps

The educational environment had an area of 222.6 m2 and a maximum height of 5 m. The ceiling, the walls,
and the floor were selected to have reflection ratings of 70%, 49%, and 51.6%, respectively.

The educational environment was in a stepped and angled structure to allow the board to be viewed comfortably.
For this reason, the work plane was set at an angle of 4° from the front to the back, covering the top of each
desk.

The work plane was created by setting a slope of 4° between the front and back of the educational environment.
Its heights varied from place to place but floated above the desks at approximately equal elevations. Thus, the
work plane at the front and back side had the dimensions of the same plane. Bright colors is shown that figure
3.

Fig. 3 Bright colors

Bright colors were used in the interior of the educational environment. Light-colored square ceramics were
preferred for floor overlays. A light beige tone was used for the walls. The desks had a beige maple-colored
wooden coating, and their feet were metal. The windows were wide and long to allow daylight. The reflection
coefficients of the colors in the designed educational environment were high in general.
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2.2. 4 x 18W Fluorescent Luminaires with a Dimension of 60 x 60 cm and a LED Luminaire
with a Dimension of 60 cm x 60 cm

In educational environments, stone wool suspended ceilings provide sound acoustics. They also strengthen a
building. They consist of square pits of 60 x 60 cm. Lighting luminaires are placed in these pits. The fluorescent
lamp used by default consisted of 4 18-Watt fluorescent tubes. The educational environment designed in the
Dialux software was fitted with 6 x 8 luminaires (48 in total). The standard number used in stone wool
suspended ceilings was chosen as the number of luminaires (The vertical and horizontal distances between two
luminaires were approximately 60 cm and 120 cm, respectively).

The Philips brand TBS165 G 4XTL5 18W luminaire was used as the luminaire. The total assembly power was
61W, the total light flux was 4800 lumens, and the temperature was 7000K.

G — [ ]

Fig. 4. Inverted-Color appearance of the fluorescent luminaire in the dialux program

As seen in Fig.4, according to the “Demo table” in the section “Buildings for educational purposes: schools”
in the “Minimum Lighting Levels Table EN 12464-1: 2011 Standard” of the Electrical Engineers Association
[17], the top of desks used in an educational environment should receive at least 500 lux of light intensity.
However, in the figure, only the tops of desks in the center received above 500 lux of light intensity. The light
received by the edges of the desks at the sides remained at 400 lux.

Lighting intensity values calculated according to the work plane were as follows:
The maximum lighting intensity value: 861 lux

The average lighting intensity value: 619 lux

The minimum lighting intensity value: 325 lux

The value of lighting intensity level determines whether the light rays emitted from a source are uniformly
distributed at each point of the work plane. It is calculated using the following ratio: “Minimum Lighting
Intensity / Average Lighting Intensity.” The closer this ratio is to 1, the smaller the difference between levels
of lighting intensity will be, and the more uniform lighting levels will be.

The lighting intensity value for the fluorescent luminaires was calculated as E_min/E_ave = 0,50

With the advancement of LED technology in the modern age, 60 x 60 LED luminaires have begun to be
produced for 60 x 60 stone wool suspended ceilings in order to provide better quality lighting in educational
environments.

The same educational environment was modified with a design including 6 x 8 =48 LED luminaires. The LED
luminaires that were used were Philips brand RC461B G2 PSD 1XLED34S luminaires. They consume 24 W
of energy, and they have 3400 lumens of light flux. They have a color temperature of 4000 K. Inverted-Color
Appearance of the LED Luminaire in the Dialux Program is shown that figure 5.
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Fig. 5. Inverted-Color appearance of the LED luminaire in the dialux program

When the inverted colors in the figure were examined, it was seen that the tops of all the desks in the project
made up of LED luminaires were above the 500-lux value as requested in the standard.

Lighting intensity values calculated according to the work plane were as follows:

The maximum lighting intensity value: 1041 lux

The average lighting intensity value: 746 lux

The minimum lighting intensity value: 397 lux

The lighting intensity value for the LED luminaires was calculated as E_min/E_ave = 0,55

The color temperature is the temperature of a dark object that produces a color tone that is close to its source.
The difference in terms of color temperatures in the LED and fluorescent luminaire designs was 6000K and
4000K, respectively.

The color temperature values of daylight vary between 5500K and 6000K. The closer the color temperature
value in the educational environment is to daylight, the higher the quality of lighting it will provide
psychologically. The LED luminaire with the value of 6000 K used in the first design was close to daylight.
The fluorescent luminaires with the value of 4000 K used in the second design were cold white and had a bluish
color. This color improves attention and focus and is used in surgery rooms, but its use in an educational setting
may lead to fatigue after a certain amount of time.

Color rendering is the comparison of color appearances of objects depending on differences in color
temperatures of the lighting components by taking the appearance of colors under sunlight as a reference. The
color of an object under daylight is considered its real color, and its CRI value is accepted to be 100. The closer
the CRI value is to 100, the closer the appearance of color is to reality.

The color rendering values of incandescent lamps, LED lamps, and fluorescent lamps are in the ranges of 98—
100 CRI, 80-95 CRI, and 70-80 CRI, respectively. The color appearance that is the best and closest to reality
is obtained from the incandescent lamps [16].

The CRI value of the fluorescent lamps used in designing educational environments is approximately 75. It
needs to be over 80 to provide lighting with good quality. The LED lamp used in the second design had a CRI
value of 85. Thus, it had a more realistic color appearance than the first design.

2.3. Comparison of Fluorescent and LED Luminaires with the Same Light Flux

Rectangular-shaped luminaires as well as square-shaped luminaires are commonly used in educational
environments. This is because the light flux per luminaire can be higher, and thus a less number of luminaires
can be used. However, since they are not focused, they need to have a high level of light flux for better lighting.

In the educational environment, 18 fluorescent lamps were used in a 3 x 6 arrangement. In order to make an
accurate comparison, the fluorescent luminaires were chosen to be Philips brand Smart Form TBS460, which
had a light flux value approximately equal to that of LED luminaires that were used in the other design. This
luminaire had two TL5 tube fluorescent lamps with a value of 54 watts. The lamp, which had 7000 K light
color and approximately 8900 lumen light flux with its two tubes, consumed a total of 118-Watt energy.
Inverted-Color Appearance of the Fluorescent Luminaire in the Dialux Program is shown that figure 6.
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Fig. 6. Inverted-Color appearance of the fluorescent luminaire in the dialux program

Considering the false colors, the desks in the center were illuminated with a value of 800 lux and the desks at
the sides with a value of 400 lux.

Lighting intensity values calculated according to the work plane were as follows:

The maximum lighting intensity value: 865 lux

The average lighting intensity value: 605 lux

The minimum lighting intensity value: 310 lux

The lighting intensity value for the fluorescent luminaires was calculated as E_min/E_ave = 0,48

The educational environment with all the same features was designed with LED luminaires that had
approximately the same light flux value as the fluorescent luminaires. The luminaires were placed in a 3 x 6
arrangement, and Philips - Maxos LED Performer - 4MX900 491 1 x LED71S/830 PSU DA20 type luminaires
were used. They had the following features: 7100 lumen light flux, 68-Watt assembly power, 4000 K color
temperature, and 85 CRI. Inverted-Color Appearance of the LED Luminaire in the Dialux Program is shown
that figure 7.

Fig. 7. Inverted-Color appearance of the LED luminaire in the dialux program

In the design consisting of LED luminaires, although the luminaires were positioned at the same places as in
the design consisting of fluorescent luminaires, lighting with a value of 900 lux was visible on the desks at
sides as well as on the desks in the center. Lighting intensity values according to the work plane:

The maximum lighting intensity value: 927 lux
The average lighting intensity value: 628 lux
The minimum lighting intensity value: 331 lux

The lighting intensity value for the LED luminaires: E_min/E_ave = 0,57

2.4. Comparison of Florescent and LED Luminaires with the Same Power Values

The LED luminaires consuming 68 watts of power provide 7100 lumen light flux and create excellent lighting
conditions in the educational environment. When a 68-Watt fluorescent luminaire is used instead of a 118-Watt
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luminaire in the educational environment, the inverted-color appearance of the environment is as shown in
Figure 8.

Fig. 8. Inverted-Color appearance of the fluorescent luminaire in the dialux program

The lighting intensity on the desks were not able to pass the value of 250 lux. It was down to 150 lux from
place to place. According to the “5.36.5 Demo table” in the section “Table 5.36 — Buildings for educational
purposes: schools” in the “Minimum Lighting Levels Table EN 12464-1: 2011 Standard” of the Electrical
Engineers Association [17], the top of desks used in an educational environment should receive at least 500 lux
of light intensity for a good quality of lighting. For this reason, the design created using 68-Watt fluorescent
luminaires had insufficient lighting.

3. EVALUATION AND CONCLUSION

Three comparisons and five different lighting designs were interpreted and evaluated in this section.

@ (b)
Fig. 9. Lighting distribution in the work plane: (a) Fluorescent (b) LED Luminaires with dimensions of 60 cm x 60 cm

According to the results shown in Figure 9, the tops of the desks were covered with 600-lux lines in the lighting
distribution chart with fluorescent lamps. There were sporadic parts of the desks with lines of 500-lux lighting,
which were below 600-lux light intensity. However, the tops of the desks were covered with 750-lux lines in
the lighting distribution chart with LED lamps. Regardless of the lighting intensity values of the fluorescent
and LED lightings, the LED lighting can be said to have lighting with much better quality.

The lighting intensity values of the 60 x 60 fluorescent luminaires and 60 x 60 LED luminaires were calculated
to be the same. However, the LED luminaires were superior in terms of efficiency and proper spreading of light
rays.

The efficiency of the fluorescent light producing 4800 lumens by consuming 61 watts of energy was 4800
lumens/61 Watt = 78.68.

The efficiency of the LED light producing 3400 lumens by consuming 24 watts of energy was 3400 lumens/24
Watt = 141.66.

According to the results in Section 2.2, the LED luminaire was found to be 80% more efficient than the
fluorescent luminaire.
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@) (b)
Fig. 10. Lighting distribution in the work plane: (a) Fluorescent (b) LED Luminaires with the same light flux

As seen in the two designs in Figure 10, the lines of 500-lux lighting cover approximately the same areas. The
biggest difference was that in the design with LEDs, the line of 750-lux lighting was visible on the desks that
were in the center, but in the design with fluorescents, the line of 750-lux lighting was only visible in the middle
of the desks that were in the back and in the middle of the desks that were in the center.

The lighting intensity values of the two designs were almost equal (The lighting intensity level of the design
with fluorescent luminaire was .51, and the lighting intensity of the design with LED luminaire was .53). The
big difference between the two was productivity (efficiency factor).

A 118 Watts of power is needed to produce 8900 lumens in a fluorescent luminaire. 8900 lumen/118 Watt =
75.42.

A 68 Watts of power is needed to produce 7100 lumens in an LED luminaire. 7100 lumen/68 Watt = 104.41.

As seen in Section 2.3, the LED efficiency was 38.45% higher than the fluorescent efficiency.

(@) (b)
Fig. 11. Lighting distribution in the work plane: (a) Fluorescent (b) LED Luminaires with the same power

In Figure 11, there is a big difference between the lighting values in two different designs with the same power
value. In the design with LEDs, the tops of the desks were lighted with a value of 500 lux, while in the design
with fluorescents the tops of the desks were lighted with a value of about 270 lux. The value of 270 lux does
not comply with standards.

It is between the 68-W LED luminaire producing 7100 lumens and the 68-W fluorescent luminaire producing
3500 lumens, which consume the same amount of power.

The efficiency of the LED light producing 7100 lumens by consuming 68 watts of energy was 7100 lumens/68
Watt = 104.41.

The efficiency of the fluorescent light producing 7100 lumens by consuming 68 watts of energy was 3500
lumens/68 Watt = 51.47.

As seen in Section 2.4, the LED efficiency was 49.29% higher than the fluorescent efficiency.

In conclusion, the LED lighting was proven to be superior to the fluorescent lighting in terms of lighting
uniformity, efficiency factor, color rendering and color temperature.
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Abstract

In this study, the effect of the number of leno warp weaves, which are the main variables of the leno fabrics, and the
fabric characteristics of the array was investigated. Leno fabrics were compared with equivalent standard fabrics
without leno warp. Each sample group was produced in three different pattern ranges containing leno warp and
without leno warp. It is also produced in two different crossovers and three different weft densities. The effect of the
structural properties of these samples on their physical performance to burst strength was analyzed on an
experimental findings.

Key Words: Leno Weave, Leno Fabric Structural Properties, Leno Fabric Burst Resistance

1. GIRIS

Dokuma kumaslar gesitli giyim ve kullanim amaglari i¢in dokuma tekniginin olanak verdigi ¢ok degisik
yapilarda iretilirler. Bu yapilarin 6zelliklerinin bilinmesi, hem iiretim hem de kullanim agisindan
oldukga 6nemlidir. Dokuma kumaslar yapilarina gore genel olarak;

e  Basit yapili dokuma kumaslar

e  Karmagik yapili dokuma kumaslar olmak iizere iki ana grupta incelenir [1].

Diger taraftan dokuma kumaslari 1. Normal dokunmus kumaslar, 2. Capraz (leno) dokunmus kumaslar,
3. Ilmeli yapili kumaslar, 4. Ug eksenli kumaslar, 5. El dokumalar1, 6. Dar dokumalar, 7. Ug boyutlu
dokuma yapilar1 olmak iizere yedi ana grupta incelemek miimkiindiir [2].

Standart yapili dokuma, atki ve ¢6zgii olarak bilinen iki ayr iplik grubunun 90° lik agida birbiriyle
kesiserek dngoriilen orgii diizenine uygun, birbirinin altindan ve iistiinden gegerek baglantilar yapmasi
neticesinde olusturulan geleneksel bir tekstil yilizeyidir (Sekil 1.1).

* Corresponding author. Tel.: +90 282-250-3651
E-mail address: bberkhan@nku.edu.tr
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E : 2
Sekil 1.1. Basit dokuma kumas yapisi Sekil 1.2. Leno kumag yapist

Leno yapili ya da leno kumaslar, karmagik yapili kumaslar grubunda yeralir. Yapi iginde birbirine paralel
konumlanmus standart ¢zgiilere ek olarak ya da tiimiiyle leno ¢ozgiiler yeralir. Leno ya da doner giicii ile anilan
dokuma yiizeyleri ise; ¢ozgii ipliklerinin yukar: ve agagi hareketinin yaninda, ayn: zamanda capraz hareket
ettirilmesiyle olusturulan, seyrek dokunmus fakat saglam yapili olan tekstil yiizeyleridir (Sekil 1.2) [3].

Leno dokuma kumaglarda yan yana bulunan leno ¢ozgii iplikleri atk: ile baglant1 yaparken birbirine paralel
kalmayip, ayni zamanda c¢apraz gecisler yaparak birbirine de baglanirlar. Kumasa seyrek fakat dayanikli
yapisini veren ¢ozgii ipliklerinin meydana getirdigi bu ¢apraz gecislerdir [4].

Leno kumaslarda birim yap1 iki ¢6zgii ipligi ve bir atki ipliginden meydana gelir. Bu iki ¢6zgii ipliginden diiz
olana sabit ¢6zgii veya standart ¢6zgii, baglama hareketi yapan ¢ozgiiye ise ¢apraz ¢ozgii veya doner ¢ozgii
denir. Standart dokuma kumaslarda ¢ozgii iplikleri atki iplikleriyle dik konumda baglanti yaparken, leno
kumaslarda bu ¢6zgii ciftleri paralel atki ipliklerini aralarina alarak biikiiliirler [5].

Leno dokuma kumaslarin zarif gériiniimii ve dayanikli performansi sayesinde giyim esyasi olarak kullanimi
cok eskilere dayanmaktadir. Lif ve kumas iiretim teknolojisindeki gelismeler sayesinde, miikemmel yapisal
kararlilig1 nedeniyle leno kumas giyim disinda bir¢ok alanda kullanilmaktadir [5].

Leno kumaslar kadin ve erkek {iist giyiminde, ev tekstilinde, paketleme ve ¢uval bezi yapiminda, tarim
tekstillerinde, insaat sektoriinde, jeotekstil uygulamalarinda, tibbi tekstillerde ve otomobil dosemelikleri gibi
teknik tekstillerde de giderek artan kullanim alanina sahiptir.

Genis kullanim alani bulunan leno kumaslarin teknik ve bilimsel literatiirde ayni agirlikta yer bulmadig:
gbzlenmistir. Yayinlarda genel olarak leno dokuma sistemleri, kumag 6zellikleri, desenlendirme teknikleri,
teknik tekstillerde kullanim alanlar1 ve teknik tekstil kumas yapilarini icermektedir. Leno yapinin, kumaslarin
bazi yapisal ve mekanik 6zelliklerine 6nemli etkilerde bulundugu tahmin edilmekle birlikte bunlarin davranig
ve karakteristikleri iizerine net veriler yoktur. Bu ¢caligmanin temel amaci da bu alandaki eksikligi gidermek ve
leno kumaglarin yapisal 6zelliklerinin fiziksel performanslarindan patlama mukavemetine olan etkisini ortaya
koymaktir.

2. MATERYAL VE METOD

Leno dokumalarla ilgili bu ¢aligmada armiirlii dokuma makinelerinde doner giiciiler ile dokunan leno kumaslar
ile ayni konstriiksiyonlarda leno baglama hareketi yapmadan ayni1 drgii ile dokunan standart dokuma kumaslarin
mekanik 6zelliklerinden patlama mukavemeti karsilagtirilarak farkliliklar1 ortaya konulmaya ¢aligilmistir. Bu
kumaslara zemin 1/1 bezayagi olmak {izere, genis, orta ve dar ii¢ yap1 araliginda, 3/3 leno baglantili, 3/3 lenosuz
diiz baglantili, 5/5 leno baglantili ve 5/5 lenosuz diiz baglantili orgiilere ek olarak 1/1 bezayagi orgii
uygulanmustir.

Cozgiilerde ayni mekanik siklig1 elde edebilmek igin tarak tahari yapilmis, bu sayede tiim kumaslarin ¢ozgii
sikliklar esitlenmistir. Desen olarak armiir 6rgiilerin farkli kombinasyonlari ile 1/1 bezayag: 6rgii kullanilmig
ve atkidan ti¢ farkli siklik ile toplam 39 ¢esit kumas karsilastirilmigtir. Kumaslarin genel konstriksiyonu
Cizelge 2.1 ‘de verildigi gibidir.

Numunelerde atki ve ¢dzgii ipligi olarak ayni harman karisimli, ayn1 lottan 40/2 penye iplik kullanilmigtir.
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Tiim numunelerde kullanilan desenlerin 6rgii raporlari da séyledir;

Tablo 2.1. Dokunan numunelerin genel konstriiksiyonu

419

Nomin:al Nominal .
Adet Kumas Kodu QOngu Atk Sikhigi Orgii Tarak Eni Tarak
Siklig1 (cm) Numarasi
(tel/cm) (atki/cm)
1 B1.G.3L.17 16,9 17 Desen 1 Leno Baglantili 180 90/1,88
2 B1.G.3L.20 16,9 20 Desen 1 Leno Baglantili 180 90/1,88
3 B1.G.3L.23 16,9 23 Desen 1 Leno Baglantili 180 90/1,88
4 B2.G.3D.17 16,9 17 Desen 1 Diiz Baglantili 180 90/1,88
5 B2.G.3D.20 16,9 20 Desen 1 Diiz Baglantili 180 90/1,88
6 B2.G.3D.23 16,9 23 Desen 1 Diiz Baglantili 180 90/1,88
7 B3.G.5L.17 16,9 17 Desen 2 Leno Baglantili 180 90/1,88
8 B3.G.5L.20 16,9 20 Desen 2 Leno Baglantili 180 90/1,88
9 B3.G.5L.23 16,9 23 Desen 2 Leno Baglantili 180 90/1,88
10 B4.G.5D.17 16,9 17 Desen 2 Diiz Baglantili 180 90/1,88
11 B4.G.5D.20 16,9 20 Desen 2 Diiz Baglantili 180 90/1,88
12 B4.G.5D.23 16,9 23 Desen 2 Diiz Baglantili 180 90/1,88
13 B5.0.3L.17 16,9 17 Desen 3 Leno Baglantili 180 95/1,78
14 B5.0.3L.20 16,9 20 Desen 3 Leno Baglantili 180 95/1,78
15 B5.0.3L.23 16,9 23 Desen 3 Leno Baglantili 180 95/1,78
16 B6.0.3D.17 16,9 17 Desen 3 Diiz Baglantili 180 95/1,78
17 B6.0.3D.20 16,9 20 Desen 3 Diiz Baglantili 180 95/1,78
18 B6.0.3D.23 16,9 23 Desen 3 Diiz Baglantili 180 95/1,78
19 B7.0.5L.17 16,9 17 Desen 4 Leno Baglantili 180 95/1,78
20 B7.0.5L.20 16,9 20 Desen 4 Leno Baglantili 180 95/1,78
21 B7.0.5L.23 16,9 23 Desen 4 Leno Baglantili 180 95/1,78
22 B8.0.5D.17 16,9 17 Desen 4 Diz Baglantily 180 95/1,78
23 B8.0.5D.20 16,9 20 Desen 4 Diiz Baglantili 180 95/1,78
24 B8.0.5D.23 16,9 23 Desen 4 Diiz Baglantili 180 95/1,78
25 B9.S.3L.17 16,8 17 Desen 5 Leno Baglantili 180 105/1,6
26 B9.S.3L.20 16,8 20 Desen 5 Leno Baglantili 180 105/1,6
27 B9.S.3L.23 16,8 23 Desen 5 Leno Baglantili 180 105/1,6
28 B10.S.3D.17 16,8 17 Desen 5 Diiz Baglantili 180 105/1,6
29 B10.S.3D.20 16,8 20 Desen 5 Diiz Baglantili 180 105/1,6
30 B10.S.3D.23 16,8 23 Desen 5 Diiz Baglantili 180 105/1,6
31 B11.S.5L.17 16,8 17 Desen 6 Leno Baglantili 180 105/1,6
32 B11.S.5L.20 16,8 20 Desen 6 Leno Baglantili 180 105/1,6
33 B11.S.5L.23 16,8 23 Desen 6 Leno Baglantili 180 105/1,6
34 B12.S.5D.17 16,8 17 Desen 6 Diiz Baglantili 180 105/1,6
35 B12.5.5D.20 16,8 20 Desen 6 Diiz Baglantili 180 105/1,6
36 B12.S5.5D.23 16,8 23 Desen 6 Diiz Baglantili 180 105/1,6
37 B13.17 17,2 17 1/1 Bezayag: 180 172,5/1
38 B13.20 17,2 20 1/1 Bezayag1 180 172,5/1
39 B13.23 17,2 23 1/1 Bezayag: 180 172,5/1




Sekil 2.1. Numune desen 6rgii raporlart

2.1. Uygulanan Test

Patlama mukavemeti, ayn1 anda ¢esitli yonlerden kuvvet etkisi altinda kalan tekstil materyallerinin
mukavemetlerinin 6l¢iimiinde kullanilan alternatif bir test metodudur. Parasiit bezi, ¢adir bezi, yelken
bezi, cuval, filtre bezi gibi kumaslar, sadece atki ya da ¢6zgii yoniinde degil, ayn1 anda ¢ok fazla yonde
kuvvet etkisi altinda olmaktadirlar [6].

Dokunan 39 gesit kumasin patlama mukavemetlerinin 6l¢iimiinde hava akiskan sistemli Truburst cihazi
ile TS EN ISO 13938-2 no’ lu “‘Tekstil-Kumaslarin patlama ozellikleri - BOlim 2: Patlama
mukavemetinin ve patlama gerilmesinin tayini i¢in pndmatik metot”” standardina gore testler
yapilmustir.

3. BULGULAR VE TARTISMA

Patlama mukavemeti tayini deneyleri sonucunda elde edilen patlama mukavemeti degerleri Tablo 3.1’
de, sonuglarin grafiksel gosterimi Sekil 3.1 de verilmistir.

Tablo 3.1. Patlama mukavemeti tayini test sonuglari

Patlama Patlama
Numune No Mukavemeti Numune No Mukavemeti

(kPa) (kPa)
B1.G.3L.17 391,3 B2.G.3D.17 361,4
B1.G.3L.20 435,4 B2.G.3D.20 388,5
B1.G.3L.23 466,5 B2.G.3D.23 423,6
B3.G.5L.17 382 B4.G.5D.17 3415
B3.G.5L.20 396,05 B4.G.5D.20 379,7
B3.G.5L.23 4145 B4.G.5D.23 387
B5.0.3L.17 480,9 B6.0.3D.17 418,1
B5.0.3L.20 518,9 B6.0.3D.20 446,4
B5.0.3L.23 527,1 B6.0.3D.23 477
B7.0.5L.17 453,85 B8.0.5D.17 401,2
B7.0.5L.20 500,1 B8.0.5D.20 415,6
B7.0.5L.23 510,6 B8.0.5D.23 460,16
B9.S.3L.17 506,8 B10.S.3D.17 438,73
B9.S.3L.20 516,4 B10.S.3D.20 483,6
B9.5.3L.23 548,8 B10.5.3D.23 505
B11.S5L.17 475,6 B12.S.5D.17 408,25
B11.S.5L.20 508 B12.5.5D.20 468,6
B11.S.5L.23 529,4 B12.S.5D.23 4927
B13.17 453,6
B13.20 494,8
B13.23 543,1
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Patlama Mukavemeti

NMulkavemet (kPa)

Bl1.G.3L.17
B1.G.3L.20
B1.G.3L.23
B2.G.3D.17
B2.G.3D.20
B2.G.3D.23
B2.G.5L.17
B3.G.5L.20
B2.G.5L.23
B4.G.5D.17
B4.G.50.20
B4.G.5D.23
B5.0.3L.17
B5.0.3L.20
B5.0.3L.23
B6.0.3D.17
BE.0.3D.20
BE.0.2D.23
B7.0O.5L.17
B7.0.5L.20
B7.0.5L.23
B8.0.5D.17
B8.0.5D.20
B8.0.5D.23
B9.5.3L.17
B9.5.3L.20
B9.S.3L.23
B10.5.3D.17
B10.5.30.20
B10.5.30.23
B11.5.5L.17
B11.5.5L.20
B11.5.5L.23
B12.5.5D.17
B12.5.50.20
B12.5.5D.23
B13.17

Numune No

B13.20

B12.23

Sekil 3.1 Numunelerin patlama mukavemeti degerleri(grafikte; kirmizi siitunlar leno baglantilari, mavi
dokulu sutunlar duiz baglantilari, kahverengi dokulu stitunlar ise bezayagi 6rgliyt gosterir)

Numunelerin patlama mukavemetleri igin ¢izelge ve grafikler incelendiginde;

3/3 leno baglant: yapan en genis leno/diiz ¢zgii aralikli; B1.G.3L.17, B1.G.3L.20, B1.G.3L.23, orta leno/duz
¢ozgii aralikli; B5.0.3L.17, B5.0.3L.20, B5.0.3L.23 ve en dar leno/diiz ¢6zgii aralikli; B9.S.3L.17, B9.S.3L.20
B9.S.3L.23 tiplerin patlama mukavemetinin 3/3 leno olmadan diiz baglanti yapan en genis leno/diiz ¢ozgii
aralikli; B2.G.3D.17, B2.G.3D.20, B2.G.3D.23, orta leno/diiz ¢dzgii aralikli; B6.0.3D.17, B6.0.3D.20,
B6.0.3D.23 ve en dar leno/diiz ¢6zgii aralikli; B10.S.3D.17, B10.S.3D.20 B10.0.3D.23 tiplerin patlama
mukavemetinden daha yiiksek oldugu, ayn1 sekilde 5/5 leno baglanti yapan en genis leno/diiz ¢ozgii araliklt
B3.G.5L.17, B3.G.5L.20, B3G.5L.23, orta leno/diiz ¢6zgii aralikl1 B7.0.5L.17, B7.0.5L.20, B7.0.5L.23 ve en
dar leno/diiz ¢ozgii aralikli B11.S.5L.17, B11.S.5L.20 ve B11.S.5L.23 tiplerin patlama mukavemetinin, 5/5
leno olmadan diiz baglant1 yapan en genis leno/diiz ¢6zgii aralikli B4.G.5D.17, B4.G.5D.20, B4.G.5D.23, orta
leno/diiz ¢6zgii aralikli B§.0.5D.17, B8.0.5D.20, B8.0.5D.23 ve en dar leno/diiz ¢6zgii aralikli B12.S.5D.17,
B12.S5.5D.20 ve B12.5.5D.23 tiplerin patlama mukavemetinden daha yiiksek oldugu tespit edilmistir.

3/3 leno baglant1 yapan en genis leno/diiz ¢6zgii aralikli; B1.G.3L.17, B1.G.3L.20, B1.G.3L.23, orta leno/diiz
¢ozgii aralikli; B5.0.3L.17, B5.0.3L.20, B5.0.3L.23 ve en dar leno/diiz ¢6zgii aralikli; B9.S.3L.17, B9.S.3L.20
B9.S.3L.23 tiplerin patlama mukavemeti, ayni sekilde 5/5 leno baglant1 yapan en genis leno/diiz ¢6zgii aralikli
B3.G.5L.17, B3.G.5L.20, B3.G.5L.23, orta leno/diiz ¢ozgii aralikli B7.0.5L.17, B7.0.5L.20, B7.0.5L.23 ve
en dar leno/diiz ¢ozgii aralikli B11.S.5L.17, B11.S.5L.20 ve B11.S.5L.23 tiplerinin patlama mukavemetinden
daha yiiksek oldugu, ayni sekilde 3/3 leno olmadan diiz baglanti yapan en genis leno/diiz ¢6zgii aralikli;
B2.G.3D.17, B2.G.3D.20, B2.G.3D.23, orta leno/diiz ¢6zgii aralikli; B6.0.3D.17, B6.0.3D.20, B6.0.3D.23 ve
en dar leno/diiz ¢6zgii aralikli; B10.S.3D.17, B10.S.3D.20 B10.S.3D.23 tiplerin patlama mukavemetinin, 5/5
leno olmadan diiz baglant1 yapan en genis leno/diiz ¢6zgii aralikli B4.G.5D.17, B4.G.5D.20, B4.G.5D.23, orta
leno/diiz ¢6zgii aralikli B8.0.5D.17, B8.0.5D.20, B8.0.5D.23 ve en dar leno/diiz ¢ozgii aralikli B12.S.5D.17,
B12.S.5D.20 ve B12.S.5D.23 tiplerin patlama mukavemetinden daha yiiksek oldugu goriilmiistiir.

Kararli yapidaki bezayagi tiplerin B13.17, B13.20 ve B13.23 tiplerinin patlama mukavemeti en dar aralikli leno
baglantil1 B9.S.3L.17, B9.S.3L.20, B9.S.3L.23 tiplerden ayn1 siklik i¢in daha diisiik degerler almistir, fakat
ayni aralikta leno olmadan diiz baglantili Orgiiler icerisinde en yiiksek degerlere sahip B10.S.3D.17,
B10.S.3D.20 ve B10.S.3D.23 tiplerinden ayn1 sikliklarda daha yiiksek degerler almistir

Her tip i¢in atki siklif1 arttikga patlama mukavemetinin arttii gézlemlenmistir. Tiim kumaglarda ¢6zgii
sikliklar1 esit oldugundan atki sikliinin artmasi yani birim alanda iplik sayisinin artigi ile daha siki yapida
kumaglar elde edilir ve baglantt noktalarindaki siirtiinme etkilesimi artar bu durumda kumaslarin basing
etkisiyle patlamasi zorlastigindan mukavemetleri de daha yiiksek degerler alir.

Her tip i¢in leno/diiz ¢6zgu aralig1 azaldikga mukavemetinde arttigi goriilmiistiir. Leno baglantilardaki sarmal

yapi leno/diiz ¢6zgii aralig1 azaldik¢a birim yiizeyde arttigindan mukavemet leno/diiz ¢6zgii aralig: siklastik¢a
artmaktadir.
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Leno olmadan diiz baglant1 yapan tipleri, patlama mukavemetinin ayn1 siklik ve leno/diiz ¢6zgii
araligina sahip leno baglantili tiplerden daha diisiik oldugu tespit edilmistir. Leno orgiilerin yapisal
ozelliklerinden kaynakli leno baglanti yapan ¢ozgii iplikleri atki ipliklerini sikica tutarak baglar. Leno
orgiiyli olusturan ¢ozgii iplik ¢iftleri hem kendi arasinda hem de atkiyla sarmal yap1 olusturacak sekilde
baglandigindan dolay1 leno baglantili kumaslarin patlama mukavemeti leno olmadan diiz baglant
yapan kumaslardan daha yiiksektir.

Baglant1 yapan ¢ozgiilerde atlama sayisi arttik¢a ¢ozgii iplikleri birim baglama hareketinde daha fazla
atkiy1 baglayacak fakat patlama basincina maruz kalan birim yiizeyde atki yoniinde baglant1 miktari
azaldigindan dolay1, baglantida atlama yani ¢ozgii ipliklerinin yliizme orani arttiginda mukavemet de
ayni oranda diigmiistiir.

4. SONUC

Sonug olarak gerek leno gerekse leno olmadan diiz ¢ozgiilerde 6rgiide atlama sayis1 azaldik¢a patlama
mukavemetinin arttigi goriilmiistiir. Yine leno baglantili kumaslarin patlama mukavemetinin ayni
leno/diiz ¢ozgii araliginda ve siklikta leno olmadan diiz baglanti yapan kumaslardan daha yiiksek
oldugu gozlemlenmistir. Her tip i¢in atki siklig1 arttikga patlama mukavemeti artmus, leno/diiz ¢ozgii
aralig1 azaldik¢a yani birim alanda baglant1 grubu sayisi arttikca patlama mukavemeti artmis ve leno
baglantili kumaglarin patlama mukavemeti, leno olmadan diiz baglant: yapan kumaslardan daha yiiksek
¢ikmustir. Leno baglantida olusan sarilma nedeniyle artan iplikler arasi temas ve siirtiinme bu artiglarin
nedeni olarak belirtilebilir.Leno 6rgiilii kumaslarda patlama mukavemetinin yiiksek ¢ikmasi darbe
enerjisini absorbe etmede leno drgilerin tercih edilmesinin sebebini de izah etmektedir. Ozellikle
patlama mukavemetinin yiiksek olmasini gerektiren kullanim kosullari igin seyrek yapili kumas
tiplerinin tercih edildigi teknik tekstil alanlarinda leno kumaglar yeterli performans gostermektedir.
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Abstract

Formaldehyde is used extensively in resin plants and medical/pathological laboratories where
formaldehyde concentration in the wastewater is up to 6 g/L. This amount is much higher than the level of
biodegradation (225 mg/L). Formaldehyde is a carcinogen and mutagenic substance on living organisms
so formaldehyde must be removed or detoxified before discharge to the environment. The objective of this
study was to detoxify the wastewater containing high formaldehyde concentration. For this purpose,
formalin solution (10% formaldehyde solution) which is used as tissue preservative in pathological
laboratories was used. The formalin solution was treated with sodium metabisulfite and sodium sulfite to
convert formaldehyde to a biodegradable form. In the detoxification process, buffer (a mixture of mono and
dibasic sodium phosphate) improves the efficiency of the reaction of formaldehyde with sodium
metabisulfite and sodium sulfite. Upon aqueous reaction of formaldehyde and sodium metabisulfite or
sodium sulfite, sodium formaldehyde bisulfite is formed which is both non-toxic to microorganisms and
biodegradable. The pH of formaldehyde-free wastewater was 7.6 which is in agreement with EPA's (US
Environmental Protection Agency) criteria (pH, 6-8). The experiments were conducted at room
temperature for 30 minutes at 300 rpm. It was determined that about 70% of formaldehyde was removed
after 20 minutes from the start of the reaction and completely removed after 30 minutes. The results showed
that regardless of the amount of formaldehyde in the wastewater the solution can be completely detoxified
by adding appropriate amount of sodium metabisulfite and/or sodium sulfite.

Keywords: formaldehyde, formalin, detoxification, wastewater

1. GIRIS

Formaldehit (CH,O) disiik molekiil agirlikli, oda sicakliginda hizla gaz haline gegebilen, kolay alevlenebilen,
suda ¢ok iyi ¢Oziinebilen, keskin kokulu, tahris edici ve zehirli bir gazdir. Kuvvetli elektrofilik 6zelligi
nedeniyle oldukga reaktiftir. Monomerik formaldehit hizlica polimerlestiginden genellikle agirlikga %37°lik
formaldehit ¢ozeltisi (formalin) halinde bulunur. Polimerizasyonu engellemek igin formalin ¢ozeltisine
agirlikca %6 -15 oraninda metanol katilmaktadir [1].

Formaldehitin diisiik maliyeti, temin edilebilirligi ve renksiz olmasi 6nemli bir endiistriyel hammadde olmasini
saglamaktadir. Formaldehit regine, plastik, boya, tekstil, kozmetik endiistrisinde hammadde, tarim, kagit ve
kauguk Urunlerinde koruycu madde, mobilya yapiminda yapistirict olarak ve tibbi laboratuvarlarda doku
saklanmasinda kullanilir [1-2].

Formaldehit canli organizmalarin metabolizmalari i¢in ¢ok az miktarda gereklidir ve dogal ¢evrede (0.15 ppb)
kendiliginden olusmaktadir. Fakat insan kaynakli salimmlar ile bu deger 100 katina ¢ikmakta ve burunda
yanma, astr1 Oksiiriik (10 ppm) ile ardindan yasam riski (20 ppm) baslamaktadir. Viicuda alinan formaldehitin
biiyiik bir kismi metabolize edilemez, reaktifligi nedeniyle DNA, RNA ve proteinlerle ¢apraz baglar
olugturarak, DNA yenilenmesini engeller, kromozomal hasara yol agar. Deney hayvanlari {izerinde yapilan
caligmalarda solunum yollar1 kanserine neden oldugu ve uzun siire maruz kalan is¢ilerin 16semi olmasindan
dolay1 IARC (Uluslararas1 Kanser Aragtirma Kurumu) formaldehiti Grup 1 (insanda kesin kanserojen)’e dahil
etmistir [3,4].

* Corresponding author. Tel.: +90 422 377-4737
E-mail address: ahmet.baysar@inonu.edu.tr (A. Baysar)
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Formaldehit ve turevlerinin iretildigi, kullanildig: fabrikalarin ve pataloji laboratuvarlarinin atiksularinda
yiiksek konsantrasyonda formaldehit bulunur. Yapilan bir ¢aligmaya gore regine tiretimi yapilan bir igletmenin
atik suyunda 6.360 g/L formaldehit bulunmaktadir ve isletme atiksuyunun debisinin giinde 40.6 m?® olmasi
biiyiik bir ¢evre riski olugturmaktadir [5]. Hastane laboratuvarinin atiksuyunda ise 40.33 g/L’ye kadar
formaldehit bulunmaktadir. Formaldehit atiksular vasitasiyla igme sularina ve atmosfere karigabilir, canli
organizmalarin 6lmesine ve gevre felaketlerine neden olabilecegi i¢in kaynaginda detoksifikasyon islemine tabi
tutulmasi gerekir [6].

Genel olarak formaldehitin biyolojik giderim smirt 225 mg/L derisimindedir, ayrica formaldehit
konsantrasyonun 31.5 mg/L’den 125 mg/L’ye c¢ikarildiginda giderilemeyen formaldehit %40’dan %85’e
yiikseldigi belirtilmigtir [7]. Anaerobik olarak formaldehit giderme isleminde ise en fazla 1100 mg/L
derigimindeki formaldehitin %99’u bertaraf olmaktadir [8]. Bu miktarlar yukarida bahsi gegen atiksulardaki
formaldehit derisimden ¢ok diisiik oldugundan biyobozunum yontemleri elverisli degildir.

Findik kabuklarinin amino gruplari ile zenginlestirilmesi ile elde edilen aktif karbon formaldehit gideriminde
kullanilmigtir. Aktif karbonun g’t basina 2 mg formaldehit absorplandigi bildirilmistir. Bu yontemde de
giderilen formaldehit miktar1 ¢ok diisiik seviyededir [9].

lleri oksidasyon prosesleri ile formaldehit gideriminde kullanilan UV/H:O. ve fenton prosesleri ile giderilen
formaldehit oranlar1 %78.8 ve %90°dir. H202, Fe?* ve UV 1ginlarin kullanildig: foto-fenton prosesi 10 g/L
derisimindeki formaldehitin %94’lni bertaraf edilmistir. Formaldehitin tamaminin ancak tekrarl iglemler ile
giderilebilecegi icin bu yontemlerin de uygulanmasi pratik degildir [10].

Masters [11], balik giftliklerinde tiretim havuzu dezenfektan maddesi olarak kullanilan formaldehitin bertarafi
icin 2 g/L civarindaki giderimin fiziksel ve biyolojik aritma ile verimli olmadigini fakat sodyum siilfit ve ticari
detoksifikasyon kimyasallari ile formaldehitin tamamen giderilebilecegini yapti1 ¢aligmalarda ifade etmistir.
Recine fabrikas: atiksuyunun giderimi igin yapilan caligmada formaldehit ile sodyum siilfitin katilma
reaksiyonu sonucunda formaldehit konsantrasyonun 30 ile 40 dakika giderim stiresinde 6360 mg/L’den 21
mg/L’ye diistiigii belirtilmistir [5]. Sodyum stlfit giderim metodu ile yuksek konsantrasyondaki formaldehitin
yliksek oranda gideriminin saglanmasi yapilan ¢aligmalarda bu yontem temel alinmustir.

2. MATERYAL VE YONTEM

2.1. Materyal

Formaldehit giderimi i¢in CH2(OH). (Formalin, %37 Sigma-Aldrich), Na.S.Os (Sodyum meta bisulfit) ve
NaSO0s (Sodyum silfit) (>%99,5 Merck), NaH.PO. ve Na.HPO. (Sodyum mono ve di bazik fosfat, >%99
Sigma-Aldrich) kullanilmigtir. pH degerleri pH metre (HANNA pH-221) ile dl¢iilmiistiir.

2.2. Sodyum Sulfit Metodu ile Formaldehit Tayini

Formaldehitin belirlenmesi icin birgok metod bulunmaktadir yiiksek hassasiyetle tayin yapilabilen
spektrofotometrik analizi icin ortamda diger kimyasallarin olmast halinde analizde yanlglara yol
acabilmektedir, ayrica formaldehit renksiz oldugu i¢in renk tiirevlendirilmesi yapilirken 1s1 gereken islemlerdir.
Daha hizli, yiiksek hassasiyetli ve detoksifikasyon sonrasinda ortamdaki diger kimyasallarin hataya sebep
olmayacag: bir yontem olan Sodyum Sulfit Metodu ile formaldehitin giderim iglemi sonrasinda geride kalan
miktarlart hesaplanmustir.

Formaldehit ile sodyum siilfitin reaksiyonundan (1) sodyum hidroksit olugsmaktadir ve ayarlanmig seyreltik asit
ile timolftaleyin indiikatorii varliginda titrasyon islemi yapilarak ortamdaki formaldehit miktar1 bulunmaktadir
[12].

CH2(OH): + NaSOs — CH2(NaSOs)OH + NaOH 1)

2.3. Formaldehit Nétralizasyonu ve Detoksifikasyonu

Agirlikga %37°lik formaldehit ¢ozeltisinden %3.7°lik formaldehit (%10’luk formalin) ¢6zeltisi hazirlanir.
%10’luk formalin ¢ozeltisinin pH degeri 5.08 bulunmustur ve 1 g formaldehit i¢in 0.1 g sodyum mono ve 0.16
g dibazik fosfat tamponlayicilar eklendiginde pH 8.29 olmaktadir. Pataloji gibi tibbi laboratuvarlarda formalin
doku fiksatif maddesi olarak kullanildig1 i¢in dokunun aginmamasi ve uzun siireli saklanmasi bu pH degeri ile
saglanmaktadir. Yapilan giderim ¢aligmasinda benzetim hastane atiksulari ¢aligilmistir [13,14].

Formaldehit potasyum ve sodyum metabisilfit, potasyum ve sodyum siilfit (NaHSOs) gibi siilfit tuzlar ile
katilma reaksiyonuna girerek ¢evre i¢in zararsiz ve biyobozunur olan sodyum formaldehit bistlfite,
CH:>(NaSOs)OH, doniisiir [1].
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Na:S,0s + H,0 — 2.NaHSOs )
2.CH2(OH): + Na:S:05s —  2.CH2(NaS0s)OH + H0 (3)
CH(OH): + NaHSOs — CHx(NaSOs)OH + Hz0 4
2.4. Detoksifikasyon Reaksiyonu Kosullart

Yapilan ¢alismalarda en uygun reaksiyon kosullarinin oda sicakligi ve 300 rpm karistirma hizinda gerceklestigi
belirlenmistir.

3. SONUCLAR VE TARTISMA

Bagslangi¢ konsantresi bilinen ve tamponlanmig formaldehit ¢ozeltisine Na.S.Os belirli oranlarda eklenerek
geriye kalan formaldehit miktar1 Sodyum Siilfit Metodu ile hesaplanmustir dolayist ile giderim ylzdeleri
belirlenmistir, Na.S>0s miktar1 artikca formaldehit gideriminin arttig1 ve uygun miktarda eklendiginde ise
formaldehitin tamamen bertaraf edildigi Sekil.1’de gorilmektedir.

Tamponlanmis formalin pH’1 8.29 iken giderim sonrasinda 8.02 olmustur fakat nétral hale getirilmesi i¢in
yapilan ¢aligmalarda 5:1 oraninda Na2S20s:Na-SOs reaksiyona katildiginda detoksifikasyon islemi sonrasinda
giderilen atiksuyun pH degerini 7.46 seviyesine gerilettigi belirlenmistir. Bulgular, EPA (ABD Cevre Koruma
Kurulugu)’nin bertaraf edilen formaldehit ¢ozeltisi i¢in belirledigi pH degeri (6-8) sinirlarinda bulunmaktadir

[6].
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Sekil 1. Tamponlanmig formaldehitin sodyum metabisulfit ile giderimi

Reaksiyonun ilk 20 dakikasinda formaldehitin %70°nin, 30 dakika sonunda ise tamaminin giderildigi tespit
edilmigtir.

Ayrica formaldehit detoksifikasyonu i¢in ticari olarak iiretilen giderim kimyasallar1 bulunmaktadir. Bunlardan
Neutralex (Scigen Scientific) adli kimyasal ile yapilan ¢aligma Sekil.2’de verilmistir. Bertaraf edici kimyasalin
miktar1 artirlldiginda formaldehit gideriminin arttifi ve uygun miktarda eklendiginde ise formaldehitin
tamamen giderildigi goriilmektedir.

Patoloji laboratuvarlart igin 7.6 L’lik % 10’luk formalin ¢ozeltisinin bertarafi i¢in 1.5 kg Neutralex’in
kullanilmast 6nerilmistir [15]. Bu sebeple (her iki ¢alismada da) baslangi¢ formaldehit miktar1 0.7935 g olan
20 ml %10’luk formalin ¢ozeltisine katilan 3.4 g Neutralex 30 dakika sonra formaldehitin tamamini bertaraf
etmistir ve giderilen atiksuyun nétrale yakin (pH 7.74) oldugu bulunmustur.
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Sekil 2. Formaldehitin Neutralex ile giderimi

Ticari kimyasal (Neutralex) ile yapilan giderim g¢alismasinda elde edilen verilerin dogrusallikta olmadigi
gorilmektedir bunun sebebi Neutralex birden fazla maddeden olusmaktadir ve ¢ok kiigiik tartimlarda, bertaraf
edici ve notral hale getirecek kimyasal karigimlarinin dogru oranda tartilmasi giigtiir. Neutralex’in en kiigiik
paketi 0.75 kg’dir. Dolayisiyla kucuk 6lgekli yapilan deneylerde pH ve giderim oraninda sapmalart olmustur.
Fakat sodyum metabisiilfit ile yapilan giderim ¢alismalarinda tamponlayici kimysallar ve giderici kimyasallarin
ayri ayr1 tartilarak karisim haline getirilmesi sonuglarin (Sekil 1.) dogrusal olmasini saglamustir.

Ticari kimyasal ile yapilan tekrarli deneylerde sapmalar olmasina ragmen Detoksifikasyon islemi ile katilan
toplam madde miktarlar1 ve belirlenen giderim oranlar1 (Neutralex):(Na.S.Os ve Na.SOs, detoksifikasyon
tuzlari, NaH-PO. ve Na.HPO4, tamponlayicilar) birbirleriyle benzerlik gdstermektir ve her iki ydntem icin oda
sicakhiginda en az 30 dakika iyice karistirilmasi, giderim ¢aligmalarinda etkili olmustur. Ayrica giderilen
atiksularin pH degerleri nétral olup, formaldehit tamamen ¢evre ve insan i¢in zararsiz forma doniistiirtilmistiir.
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Abstract

CoCrMo alloy is widely used as orthopedic implant material thanks to its properties like high impact and
fatigue strength and low fragile stem rates. This alloy has high corrosion strength but low wear strength.
When it is used as an artificial joint implant material it subjects to both wear and corrosion because of
the aggressive body fluid in terms of corrosion. Therefore, the surface coating process is applied to
CoCrMo alloys to improve the corrosion and wear strength together. In this study, in order to improve
the tribological properties of CoCrMo alloy’s surface was multilayer coated via close field unbalanced
magnetron sputtering process. Coating architecture was of Cr/CrN/CrCN/TaN and the number of the
layers were four and eight. Pin-on-disk wear test, scratch test, hardness and surface roughness
measurements were performed to characterize the tribological properties of the coatings. Results showed
that as a result of coating process tribological properties of the alloy was improved significantly. It is
observed that with increasing number of layer, wear strength, hardness and surface quality of the

samples improved.

Keywords: Biomaterial, CoCrMo alloy, Coating, Phsyhical VVapor Deposition, Thin Film, Tribology

1. GIRIS

Diz ve kalga implantlarinda sahip olduklar: yiiksek elastikiyet modiilii, yiiksek ¢ekme dayanimi, yiiksek
aginma ve korozyon dayanimi gibi iyi mekanik 6zellikleriyle beraber biouyumluluklari nedeniyle femur
bilesenlerinde CoCrMo alagimlar1 yaygin olarak kullanilmaktadir [1-4]. Ancak bu olumlu &zelliklerinin
yanisira; bu alagimin vuciit sivist igerisinde korozyon direnci diisiik olup aginmalara maruz kalmaktadir. [5].
Bunun sonucunda da erken revizyon operasyonlar1 yapilmaktadir [6]. Bunu dnlemek i¢in alagim ylzeyi sert

seramik filmler ile kaplama ¢alismalari yapilmaktadir. Yapilan kapsamli literatiir ¢aligmalarina bakildiginda;
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Qingliang Wang ve arkadaslari CoCrMo altlik {izerine CrN plasma nitriirleme prosesi
uygulamislardir. Calismalar1 sonucunda nitriirlenmis yiizeylerde sertligin arttifin1 ve tibia asmnmasinin

azaldigim tespit etmislerdir [7].

C. Balagna ve ark. CoCrMo altlik malzemesini biouyumlu, diisiik iyon salinimi ve yiiksek
korozyon direncine sahip Tantalum (Ta) ile kaplamislardir. Ug ayr altlik sistemini diisiik C igerigine sahip,
yiiksek C igerigine sahip, metalik Ta ile kaplamiglardir. Calismalar1 sonucunda diisiik karbon igerigine sahip
coklu tabakali kaplamanin ¢oklu tabakali yapsisi sayesinde en yiiksek dayanim degerlerine sahip olduklari

sonucuna varmislardir [8].

Peiyun Yi ve arkadaglari, Ti6Al4V alasimina ¢oklu tabakali TiAIN filmi, kapali alan dengesiz
magnettron piiskiirtme iyon kaplamas: yontemiyle kaplamislardir. Caligmalar1 sonucunda stratch testlerinin
sonuglarina goére coklu tabakali kaplamanin altlhik mazlemesine iyi adhezyon dayanimi oldugunu tespit
etmislerdir [9].

Yin-Yu Chang ve Chen-Jui Wu, yaptiklari ¢aligmada TiAIN/ZrN ¢oklu tabakali kaplamalarin
mekanik 6zellikleri ve darbe dayanimini incelemislerdir. Caligmalar1 sonucunda ¢oklu tabakali kaplamanin
tek tabakalt ZrN ve tek tabakali TiAIN kaplamalardan daha yiiksek sertlik degerine sahip oldugunu, ¢oklu
tabakal1 kaplamanin yapilan darbe dayanimu testleri sonucunda en yiiksek darbe dayanimina sahip oldugunu
belirlemislerdir [10].

Sung-Hsiu Huang ve arkadaslar1 katodik ark yigma yontemiyle kaplanan ¢oklu tabakali CrN/ZrN
kaplamalarin mekanik ve tribolojik 6zelliklerini inceleyen bir ¢alisma yapmuslardir. Elde ettikleri sonuglara
gore sertlik ve tribolojik 6zelliklerin bilayer periyodundan belirgin bi¢imde etkilendiklerini gozlemlemislerdir
[11].

Bu ¢alismada implant metal malzemesi olarak diz ve kalga artroplastisi uygulamalarinda iilkemiz implant
iireticilerinin de yaygin olarak kullandigt ASTM F-75 CoCrMo alasimi, tribolojik 6zelliklerinin
gelistirilmesinin yerli medikal sanayisine yapacag katkilar diisiiniilerek se¢ilmistir. Alagimin yiizeyi dort ve
sekiz tabakali Cr/(CrN/CrCN)/TaN ile kaplanilmis ve kaplamanin alagimin tribolojik 6zelliklerine etkileri

incelenilmistir.

2. MATERYAL-METOT
ASTM F-75 CoCrMo alasmmnin yiizeyinin ¢oklu tabakalar ile kaplanmasi sonucu tribolojik ve

mekanik 6zelliklerinin gelistirilmesinin hedeflendigi bu calismanin akis semasi Sekil.1’ de verilmistir.

Cocrmo Deney
Althklarin Kaplamalarin Karekterizasyon Sonuglarmin
Kesimi ve Gergeklestiril Deneylerinin Yorumlanmasi

Yiizey Parlatma mesi Yapilmasi
erl

N

Asinma deneyi

Cizik deneyi
Yilzeypiiriizllik deneyi
Mikrosertlik denevi

B < <

Sekil 1. Deneysel ¢alismanin akis semasi
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2.1. Materyal
Bu caligmada diz implantlarinda yaygin olarak kullanilan ASTM F-75 CoCrMo alasimi 20x20 mm
boyutlarinda kullanilmugtir. Alagimin tribokorozif, mekanik ozelliklerinin gelistirilmesi igin ylzeyine ¢ok
tabakali kaplama yapilmistir. Kaplamalar dort ve sekiz tabakal: olarak uygulanilmis olup elde edilen
numuneler sirastyla Al ve A2 olarak isimlendirilmistir. Deneylerde kullanilan althk malzeme mekanik

Ozellikleri Tablol. ‘de verilmistir.

Tablo 1. Altlik malzemenin mekanik 6zellikleri

CoCrMo(F75)
Mekanik Ozellik
Cekme Dayammm(MPa) 655
Akma Dayamimm (MPa) 450
Uzama (%) 8
Yorulma Dayanimi(MPa) 310

Yapilan kapsamli literatiir ¢alismasi sonucu CrN/CrCN ara tabaka periyotunun yiizey kaplama
uygulamalarinda diisiik siirtiinme katsayilari sagladiklari, iyi adhezyon 6zelliklerine sahip olduklari, kaplama
tabakalarinda ¢atlak ilerlemelerini onleyici rol oynadiklar goriilmiis ve bu nedenle kaplama mimarisinde
ara tabaka olarak CrN/CrCN bileyeri kullanilmasi belirlenmistir [12,13,14]. Yine yapilan ¢aligmalar
incelendiginde yliksek korozyon direnci, iyi biliyouyumlulugu ve yiiksek asinma direncinden kaynakli
harekete ve asinmaya maruz kalan iist tabakada da TaN tabakasi kullanilmasi belirlenirken, altlik ile
kaplama arasinda iyi adezyon ozelligi gosterdigi igin ilk tabaka da Cr ile kaplanmasi belirlenip kaplama

mimarisi olugturulmustur [15]. Deneylerde uygulanilan kaplama mimarileri agagida Sekil 2. © de verilmistir.

Talv
CrCIN

Talw CrIN
CrCIN

CrCIN CrIN
CrCIN

CrIN
CrIN
Cr Cr
CoCrivio CoCriio
Al A2
Sekil 2. Deneylerde uygulanan kaplama mimarileri
2.2. Metot

Kaplama bilesenleri kaplama parametreleri belirlendikten sonra CoCrMo alagimlart kaplama
islemine uygun hale getirmek i¢in 6nce 20x20x2 mm boyutlarinda kesilmis ve her numune metalografik
yiizey partatma islemlerine tabi tutulmustur. CoCrMo kimyasal bilesiminden kaynakli ¢ok sert bir alasim
olmasi nedeni ile zzmparalama islemi 120 SiC zimparadan baslatilmistir ve daha sonra sirasiyla 240, 400,

600, 1000 ve 1200 mesh SiC ile zimparalanmistir. Metalografik islemleri tamamlanan numuneler 15 dakika
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ultrasonik banyoda asetonda bekletilmistir. Sonra bol su ile yikanmig ve son olarak 10 dakika alkolde

bekletilere tiim ytizeyler kaplamaya hazir hale getirilmistir.

Yiizey kaplama islemleri Erzurum Atatiirk Universitesinde bulunan Kapali Alan Dengesiz
Manyetik Alanda Sigratma (CFUBMS) cihazi (Teer Coatings) ile yapilmigtir. DOrt adet hedefi olan cihazin
hedeflerinden birisine Ta, birisine Cr yiiklenilmis diger iki hedef bos birakilarak kaplamalar

gerceklestrilmigtir. Tablo 2.” de kaplama parametreleri verilmistir.

Tablo 2. Kaplama parametreleri

Yapilan islem Gerilim (V) Akim (A) Sire (dk) Kaplama Basinci
(P)
iyon Temizleme -800 4 25 0.33
Cr Ara Tabaka Kaplama -150 4 3 0.33
CrCN Tabaka Kaplama -150 4 10 0.33
CrN Tabaka Kaplama -100 4 10 0.33
TaN Tabaka Kaplama -100 4 800 0.33

Kaplama islemleri sonrasinda alasim yiizeyinin tribolojik ozelliklerinin belirlenilmesi icin
Atatiirk Universitesi Makine Miihendisligi Laboratuvarinda bulunan bilgisayar kontrollii Teer POD marka
pin-on-disk cihazinda aginma testleri yapilmistir. Aginma deneyi 6.25 mm ¢apindaki aliimina (Al2O3 ) top ile
10 cm/s kayma hizinda, IN’luk yiik ile 60 Hertz frekansla gerceklestirilmistir. Yine Atatiirk Universitesi
laboratuvarinda bulunan (Revetest micro scratch) g¢izik testi cihazi kullanilarak kaplamalarin adezif
ozelliklerinin belirlenilmistir. Cizik deneyleri numune cihaz {izerine sabitlendikten sonra 228 pm g¢apinda
Rockwell-C elmas batict ucuna 0.2 N ile baglanip 10 mm/dak. kayma ilerleme hizinda, 10 N/s artig oraninda
lineer olarak artan kuvvet uygulanarak gerceklestirilmistir. Ayni zamanda kaplamalarin mikrosertlik

Olcumleri ve ylizey piiriizliiliigii 6l¢timleri de yapilmustir.

3. BULGULAR VE TARTISMALAR

Diz implantlarinda kullanim Omiirlerinin ve revize donemlerinin uzun olabilmesi, insan viicudu
icerisinde doku reaksiyonlarmm minimum seviyelere ¢ekilmesi, enfeksiyonel ve alerjik durumlarin
olugmamasi igin; implant malzemelerinin diisiik siirtinme katsayilari, daha yiiksek asinma direnglerine sahip
olmasi, 6zellikle yiiksek korozyon dayanimi ve buna bagl olarak diisiik metal iyon salinimi saglamalari
beklenmektedir. Bu ¢alismada da; arzu edilen korozyon dayaniminin ve agsinma direncinin eldesi ve metal
iyonizasyon seviyelerinin indirgenmesi amaciyla ASTM-F 75 alagiminin yiizeyinin degisen tabaka sayisi ile

bagarili bir sekilde kaplanmustir. Kaplamanin analiz sonuglari asagida bagliklar seklinde verilmistir.

3.1. Astnma Deneyi Sonuclar:
Pin on disk agimnma deneyleri sonucunda elde edilen siirtiinme katsayilart degerleri tablo 3. de

verilmistir.
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Tablo 3. Asinma deneyleri sonucu elde edilen siirtiinme katsayist degerleri

Numune Al A2

SirtUinme Katsayisi 0.145 0.143

Asmma deney sonuglar1 kontrol edildiginde sekiz tabakali yapilan kaplama yiizeylerinin siirtiinme
katsayist dort tabakali kaplamanin siirtiinme katsayisindan daha diisiik degerde oldugu gériilmiistiir.
Asinma hatlar tizerinde alman SEM gorintiileri incelendiginde asginmalarin genellikle abrasif karakterde
oldugu bunula beraber yer yer adezif ve kohezif aginma tiirlerininde olustugu gézlemlenmistir. Asagida Sekil

3.a. “ da Al numunesinin, 3.b ‘de ise A2 numunesinin aginma izlerinden alinmg SEM goriintiileri verilmistir.

[ —— Mag= 280KX EHT = 2000WV SpmiA=381 WO= 12mm |BTAM _ Mag= 250KX EMT = 2000KY SpmiA=3E1 WO= 11mm [BTAM

Sekil 3. Asinma hattinda alinan SEM goériintiileri.

3.2. Cizik Deneyi Sonuclart
Altlik malzeme tizerine yapilan ince film kaplamanimn 6mrii ve dayaniklii filmin adezyonuna baglhidir. Film
altlik lizerine ne kadar iyi adezyon saglarsa hasara ugramasit o kadar azalacak ve taban malzemesinin
aginmasida o kadar azalacaktir. Bu nedenle sert kaplamalarin basarisinin en énemli élgtlerinden birisi olarak

yorumlanabilir.

Bu deneyde numunelere 0,2 N ve 140 N araliginda yiiklemeler uygulanmis olup altlik ile kaplama bileseninin
ilk ayrildig1 yani kritik yiik(Lc) degerleri belirlenmistir. AL numunesi igin belirlenen kritik yuk degerleri sekil

4. de, A2 igin belirlenen degerler ise Sekil 5.”de verilmistir.

Normal load and friction
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a0 480040 + + - + 3 + L Le + f

%0 3601030
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120 1200107
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W Friction Coefficient [ Frictional force [ Normal force:

Sekil 4. Al igin kritik yiik grafigi

432



Normal load and friction
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W Friction Coeffcient M Frictonal force I Normal force.

Sekil 5. A2 igin kritik yiik grafigi

Dort tabakali A2 numunesinin ¢izik deneyinde, 0.2 N’dan baglatilan yiikleme 100 N’a kadar
yikseltilmistir. 70 N yiiklemeye kadar numune iizerinde kiigiik catlaklar olugsmus ve hatalar ¢izik hatti
icerisinde kalmustir. Yiiklemenin artmasi ile ¢izik hatti iizerinde kaplamalarin kopmaya basladig1 yani
kohezif ayrilmalarin meydena geldigi gézlemlenmistir. 70 N yuklemeden sonra taban malzemesi ile kaplama
malzemesi ayrilmaya basladigi icin bu yiikleme degeri Al icin kritik yiikleme olarak belirlenmistir.
Yiiklemeler devam ettiginde artik hatalar ve ¢atlaklarin ilerledigi ve kaplamalarin altlik yiizeyinden kopmaya
bagladig1 yani aginmanin adezif bigimde oldugu gorilmiistiir. Yiikleme 80 N oldugunda ise artik altlik ile
kaplamanin tamamen ayrildigi gézlemlenmigtir. Al deneyinde artan yiiklemeler sonucu olugan ¢izik SEM
gorintileri Sekil 6. ‘da verilmistir.

Acoustic Emission

M Acoustic Emission

Sekil 6. Al numunesi yiikleme ¢izik gériintileri

Sekiz tabakali kaplamaya sahip olan A2 numuesinin ¢izik deneyinde, 0,2 N —80 N araliginda uygulanilan
yiiklemelerde kaplamanin yiiklemeye karsi diren¢ gosterdigi adezyonun devam ettigi goriilmiistiir. 80 N
yiklemeye kadar olusan hatalar catlaklar ve kopmalar ¢izik hatti boyunca kaplama iginde olmustur . Fakat
daha fazla uygulanan yiiklemelerde ise yavas yavas kaplamanimn altlik yiizeyinden ayrilmaya basladigi

adezyon direncinin diistiigii gorilmiistir. A2 numunesi icin 80 N ylkleme kritik yukleme olarak
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belirlenmistir. Kaplamaya uygulanan 140 N’ luk yiiklemede ise artik kaplama tabakasinin tamamen ayrildig:
ve ¢izigin altllk numuneye ulastigi goriilmistir. A2 deneyi icin aliman SEM goriintiileri Sekil 7° de

gosterilmistir.

Acoustic Emission

100

b + — 90
_—80
_—?0
_—EO

—50

— 40

S

I T i T i T i T T T T { T i T T . o
020N 15.19 3018 45 18 8017 75186 90.15 105.15 120 14 13513 150.12

| 1 I 1 1 T T 1
000 mm 1.50 300 4 .50 .00 7.50 9.00 10049 11.99 13 49 1499

M Acoustic Emission
S 2 vy =

Sekil 7. A2 numunesi yiikleme ¢izik gériintileri

3.3. Yiizey Piiriizlitliigii ve MikroSertlik Sonuglart
Sertlik degerleri Knoop elmas piramit ug ile 25 gf’lik bir statik yiikleme yapilarak 6l¢iilmiistiir. Her
numune i¢in 5 6l¢lim yapilip aritmetik ortalamasi alinarak sonuglar bulunmugtur. Elde edilen sertlik degerleri

Tablo 4. ‘de verilmistir.

Tablo 4. Deneylerde elde edilen mikrosertlik degerleri

Numune Kaplanmamis CoCrMo Al A2

Mikrosertlik Degeri (GPa) 8.31 34 60

Kaplanmamig CoCrMo alagiminin sertlik degeri 8.31 GPa iken dort tabakali kaplama yapilmast ile 34
GPa sertlik degeri elde edilmistir. Sekiz tabakali kaplama yapildiginda ise bu deger daha fazla artarak 60 GPa
olarak o6l¢tilmiistiir. CoCrMo alagimina kaplama yapilmasi ile sertlik degerinin arttirildig1 buna paralel olarak
kaplama sayisinin da arttirilmasi ile de daha yiiksek sertlik degerleri elde edildigi goriilmistir. Kaplama
yapilmasi, kaplama sayisinin arttirilmasina ek olarak kaplama bilesnleride bu sertlik degerlerinin artmasinda

etkili olmustur.

Yizey purizlilik testi ise 0.8 mm uzunlugunda kisa adimlar secilerek herbir numuneden 4 adet 6lgiim

yapilip ortalamas1 alinmigtir. Hesaplanan ytizey piiriizliiliik degerleri Tablo 5° de verilmistir.

Tablo 5. Yiizey piirtizluligi degerleri

Numune CoCrMo A2 A3

Yiizey Piiriizliiligii
0.065 0.025 0.020
Ra (um)
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Dort tabakali kaplamali Al numunesi yiizeyi i¢in ortalama Ra degeri 0.025um hesaplanmustir. Sekiz
tabakali kaplama yapilan A2 numunesi ylizeyinde ise bu deger 0.020pm olarak 6l¢lilmiistiir. Bu degere
bakildig1 zaman kaplamasiz yiizeylerin piiriizliiliik orani kaplama yapilan numunelere gore ¢ok daha yiiksek

oldugu ve yiizeylerin istenilen piiriizliiliik degerine sahip olmadigint gostermektedir.

4. SONUCLAR

Bu c¢aligmada implant malzemesi olarak kullanilan CoCrMo altlik malzeme iizerine fiziksel buhar
biriktirme yontemlerinden (FBB) kapali alanda dengesiz manyetik sigratma teknigi ile Cr/CrN/CrCN/TaN
ince film kaplamalar1 farkli tabaka sayilarinda c¢oklu tabakali olarak basariyla biriktirilmistir. Yapilan
kaplamalarin karakterizasyon ve mekanik testleri sonuglart incelenildiginde kaplama yapilmis yilizeylerin
mikrosertlik degerleri, siirtiinme katsayilari, yiizey piiriizliiliik ve adezyon degerlerinde kaplama yapilmamis
yiizeye oranla ciddi oranda iyilesme yapildigi gozlemlenmistir. Bu sonuglardan alasim yiizeyinin c¢oklu
tabakali kaplanmasinin alasimin tribolojik ve mekanik o6zelliklerini gelistirdigi anlasilmaktadir. Ayrica,
tabaka sayisinin dortden sekize ¢ikarildiginda ise daha iyi tribolojik 6zellikler elde edildigi goriilmiistiir.

Yapilan kaplamalarin korozyon direncinin belirlenebilmesi amaciyla simiile viicut sivist i¢inde korozyon

deneylerinin yapilmasinin faydali olacagi diisiiniilmektedir.
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Abstract

In this study, a different approach and a new model are presented for manufacturing of the bevel gears that were in need of
industry on CNC milling machines with the end mill. In the paper, conventional manufacturing methods of the bevel gears,
manufacture with the end mill cutter on CNC machine and manufacturing methods according to the new model were
explained, respectively. Then, the differences between the presented model and the previous model were shown. As a result
of this study, tool paths were presented for manufacturing the bevel gears on CNC milling machine according to this new
model approach, and a general evaluation about this approach was presented.

Keywords: Bevel gear manufacturing, bevel gear model, CNC milling machines, end Mill

1. GIiRIS

Konik disliler endiistride gii¢ ve hareket iletiminde yogun bir sekilde kullanilmaktadir. Diger dislilerin tiretiminde oldugu gibi bu
dislilerin tiretiminde de 6zel kesici ve 6zel amaglt disli kesme tezgahlarina ihtiya¢ duyulmaktadir. Bu disli kesme tezgahlarinin da
kiiciik igletmelerde bulunmayisi, bu isletmelerde konik dislilerin iiretiminde 6nemli sikintilara sebep olmaktadir.

Ancak son yillarda, konik dislilerin imalatina yonelik arastirmalarda; piyasalarda mevcut konik disli imal eden sistemler ve
makinalarin kargilastirmalar1 gozden gegirilmis olup, bu makinalarin herhangi birinde degisik tiplerde disli agmanin miimkiin olup
olmadig tartisilmis ve yine bu makinalarin dis kesme karakteristikleri kargilastirilmistir [1]. Digli imalatgilar: tarafindan yapilmakta
olan hatalarin, tespit tekniklerinin bir ka1 ile konik disli imalatinda karsilasilan problemlerin pek ¢ogu tartigilmustir [2]. Spiral ve
hypoid konik disli agmak i¢in kullanilan iiniversal bir freze tezgahi i¢in, teknolojik olarak yeni bir dizayn prensibi anlatilmistir.
Bunlarin diginda, bilinen dis olusturma ve taslama prensipleri ile disli konstriiksiyonu, tamamen yeni bir tarzda gbzden gegirilmistir.
Uygulanan bu yeni usuliin eski yonteme gore biiyiik dlciide basit oldugu gosterilerek spiral ve hypoid disli imal etmek i¢in, bu
makinada bilgisayar programi kullanmislardir [3]. Cok sayida kesme agizlarina sahip 6zel bir ¢aki vasitast ile acilip taglanarak
iretilen bir yiizeydeki, niimerik modelleme islemi i¢in bir algoritma gelistirmisler ve bu algoritmay1 konik diiz disli imalati i¢in
denemislerdir [4]. Diiz ve spiral konik dislilerin, kremayer plan dislisi tizerinde, konik disli taslagindaki bir disin yuvarlanmasi
gosterilerek, bu islemlerinin modellenmesi yapilmstir [5]. Konik dislilerin kati modellemesi yapilmig ve modellenmis olan dislinin
voliimetrik dzellikleri gdsterilmistir [6]. ilerletilmis bir optimizasyon metodu ile diiz konik disli ciftine ait, gok y&nlii bir algoritma
anlatilmigtir. Bu algoritma disli yapisi ile uyum i¢inde kullanilarak, konik dislinin parametrik ¢izimi U.S-Made Autocad Autoplotting
programu ile yapilmustir [7]. Disli hobbingleme islemi ile diiz ve helisel konik dislilerin iiretimi i¢in 6zel ekipmanlar ile lizumlu olan
pargalarin temel metotlari ve teknikleri genel olarak tartigilmistir [8].

" Corresponding author. Tel.: +90 537-344-3823
E-mail address: cozel@firat.edu.tr (C. Ozel).
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Konik disli imalatindaki mevcut uygulamalar hakkinda bilgi verilerek, hypoid dislilerin olusturulmasi iglemleri anlatilmistir
[9]. Cesitli tiretim tarzlarinda dis kesme operasyonlarinin istatistiki plani arastirilmigtir [10]. Dis kesme kafalarinin geometrik
parametreleri hesaplannmuis ve dis kesme kafalarindaki kesici sayilarinin belirlenmesine ait tavsiyeler anlatilmugtir [11].
Sirkiiler Broglama ile diiz konik dislilerin imalatinin en verimsiz metot oldugu gosterilmistir. Diiz konik dislilerin imalatinda
sirkiiler broglamanin uygulamaya gegirilmesi i¢in, Seratov SKBZS dizayn ofisi tarafindan sirkiiler broglamalari dizayn etmek
icin bir hesaplama islemi tasarlanmig. Bu islem, uygulamada dogru soncu vermis ve elde edilmis olan imalat parametreleri
mevcut uygulamadaki imalattan ¢ok daha dogru imalat: miimkiin kilmustir [12]. Diiz konik dislilerin modellenmesinde ger¢ek
kiire evolventinin geometrisi lizerinde calisma yapmislar ve yapilan bu ¢alismay1 daha &nce yapilmis olan calismalarla
karsilastirmiglardir [13]. Uzayda calisma teorisine dayanarak evolvent olmayan yeni 6zel tip bir konik dislilerin kesismeyen
eksenler arasindaki temas gecisi incelenmis ve bunlarin simiilasyonlart {izerinde ¢alisilmigtir [14]. Diiz konik evolven
diglilerin analitik geometrisi iizerinde ¢aligilarak konik dis yiizeyi igin parametrik denklemler tiiretilmistir. Ayrica bu
kapsamda sertlik ve piiriizliiliik gibi yiizey 6zellikleri de incelenmistir [15]. Ozel, C. Tredgold yaklagimina gére diiz konik
dislilerin CNC freze tezgahlarinda parmak frezeyle iiretimi i¢in iki farkli yontem sunmustur [16]. Diiz dislilerin CNC frezede
taslanma olanaklar1 iizerine de bir caligma yapilmistir [17]. Ozel, C. ve digerleri, diiz konik dislilerin geleneksel imalat
yontemlerinden farkli olarak Tredgold yaklagimini dikkate alinarak CNC freze tezgahlarinda parmak freze ile imalatini, dig
yiizeyinin piiriizliliigiini, dis kesme hatasin1 ve dis boyutlarinin Slgiimlerini yapmuglardir [18]. Bagka bir ¢alismada diiz
dislilerin CNC freze tezgahlarinda iiretim siireleri ve dis profillerinin kesilme hatalar1 arastirlmistir [19-20]. Ozel, C. ve
Ortag, Y., CNC freze tezgahalrinda imal edilen sikloidal dislilerin tasarim parametrelerinin, dis profillerinin kesilme hatalar1
iizerine etkilerini arastirmiglardir [21]. Ayrica yazarm bagka bir caligmasinda yag pompalarinda kullanilan sikloidal dislilerin
CNC freze tezgahlarinda iiretimine yonelikte bir aragtirma da yapilmistir [22].

Yukarida yapilan ¢aligmalar incelendiginde, diiz konik dislilerin dis profillerinin dogru bir sekilde olusturulmasinin ¢ok
onemli bir problem teskil ettigi ve bu sebeple mevcut konik disli imal eden sistemlerin iyilestirilmesi igin ¢esitli teorik ve
pratik aragtirmalarin devam ettigi goriilmektedir. Bu arastirmada, son yillarda ¢ok eksenli ve sayisal denetimli freze
tezgahlarinin yayginlagsmasi goz 6niinde bulundurularak, diiz konik dislilerin hassas olarak islenebilmesi i¢in bu tezgahlardan
yararlanabilme olanaklarinin incelenmesi amaglanmigtir.

2. GELENEKSEL DUZ KONIK DiSLi ACMA YONTEMLERI

Imalat atdlyelerinde diiz konik disliler, form freze, yuvarlanma, kopyalama ve bosaltma (1g ¢ekme) gibi cesitli dis kesme
yontemleri kullanilarak diretilirler. Tiim bu yontemlere gore disli taslagimin baglanma sekli ve iiretim prensipleri sirasiyla
asagidaki gibidir (Sekil. 1-4) [16]. Form freze ile disli kesme, silindirik dislilerde kullanilan yontemin bir benzeridir. Burada
disler, kesme kisimlarinin sekli disler arasi boslugun sekline benzeyen bir disk (modiil freze) veya parmak freze ile agilir.
Digsli taslag: iiniversal frezeye divizor aparati ile baglanir (Sekil. 1a-b).

Parmak freze il Form freze 1. profilin sonraki frezelenmesi
I . On frezeleme -@

2. profilin sonraki frezelenmesi

Duz konik (b)
disli taslagi

Tezgah tablast

]
(@)

Sekil. 1. Form freze ile diiz konik disli imalati

Yuvarlanma metodunda kesilmesi istenen diiz konik disli, sanki sanal bir tag dislisi lizerinde ¢alistyormus gibi diisiiniiliip,
kesicinin (veya kesicilerin) kesme agzi bu tag diglinin yiizeyleri tizerinde hareket ettirilir. Bu sanal digli ve agilmakta olan
dislinin birbirine gore bagil hareketleri sirasinda kesici, her pozisyon i¢in sanal dislinin disi boyunca hareket eder ve 6biir
dislinin disini kesmis olur (Sekil. 2a-c).
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(b)

Plan dislideki sabit dis
Plan disli

1
L?T-J \— Kesme takun

= (<)

Sekil. 2. Yuvarlanma yontemiyle diiz konik disli agma usulleri

Kopyalama y6ntemi eski olmakla beraber kiigiik imalat atdlyelerinde basit oldugundan kullanilmaktadir. Bu sekilde agilacak olan
dislinin, 6nceden dis profilinin biiyiikge bir sablonu hazirlanir. Is pargasi tezgahin bolme aparatina baglanir. Kesici bagli oldugu
kisimda, sablon dogrultusunda ileri-geri hareket edebilir (Sekil. 3).

Diiz konik dig

Sekil. 3. Kopyalama yontemi ile konik disli imalat

Bosaltma usulii, t1§ ¢ekme, broslama veya evolvent profilli freze cakilari ile konik digli imalati da denilmektedir. Diger
metotlardan farkl olarak, diiz konik disli 6zel dis profilleri verilmis kesiciler vasitasiyla agilir. Bu usul parca sayisi ¢ok fazla oldugu
zaman uygulanir. Silindirik bir diskin etrafina ¢ok sayida kesici agiz yerlestirilmis, bir sonraki kesici bir &nceki kesici kadar talas
kaldirabilecek yiiksekliktedir (Sekil. 4).

5 Cevirme boslugu

@— Dis acilacak taslak

Sekil. 4. Bosaltma usulii ile diiz konik disli imalat1

Kesicilerin baglandig: disk

3.DUZ KONIK DISLILERI CNC FREZEDE KESMEK ICIN UYGUN YONTEMLERIN
BELIRLENMESI

CNC tezgahlarinin endiistride yayginlagsmasina paralel olarak kiigiik isletmelerde de ok ¢esitli ve karmasik yiizeyler
islenebilmektedir. Yukarida geleneksel yontemler incelendiginde, bu dislileri agmak icin 6zel kesiciler ve tezgahlarin
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kullanildig1 goriilmektedir (Sekil 1-4). Oysa bu dilisler genel amagli CNC freze tezgahlarinda klasik yontemlerdeki zorluklar
ortadan kaldirilarak islenebilirler. Bu diisiinceye paralel olarak bundan 6nceki bir ¢aligmada, diiz konik disliler CNC freze
tezgahlarinda parmak freze ile imal dilmistir. Onceki caligmada, diiz konik disli ilk 6nce Tredgol yaklasimiyla modellenmis
ve daha sonra da bu yaklasim metoduna gore takim yolu denklemleri tiiretilmis ve imal edilmistir. Bu yaklasima gore
tamamlayici koni denilen koninin O1 tepe noktasi esas alinmis ve esdeger diiz disliler elde edilmistir (Sekil 5) [18].

Sekil 5 de isaret edilen esdeger diiz disli, bir konik dis iizerindeki herhangi bir noktaya karsilik gelen esdeger diiz disliyi
gostermektedir. Burada, rfa diiz konik dis tizerindeki en biiyiik esdeger diiz dislinin dis dibi ¢apini ve rfi de en kiigiik esdeger
diiz dislinin dis dibi ¢apimn1 gostermektedir. rga, roa ve rda degerleri ise diiz konik disli iizerindeki en biiyiik esdeger diiz
diglinin sirasiyla temel dairesi, boliim dairesi ve dis istii yar1 ¢aplaridir. rk ve rb yari gaplart da sirasiyla, rfi ve rdi
uzunluklarinin X-Y diizlemindeki izdiisiimleridir. Burada dk agis1 diiz konik disli taslaginin dis istiinden gecen koni agisi, &
acist dis dibinden gegen koni agisi, 81 agist boliim dairesinden gegen koni agisi, € dis dibiyle boliim dairesi arasindaki ag1, @
bolim dairesi ile dis stii rasindaki ac1, Ri boliim dairesinden gegen i¢ koninin ve Ra da boliim dairesinden gecen dis koninin
uzunluklaridir (Sekil. 5).

Dislinin sifir noktasi

Sekil. 5. Tredgold yaklagimu ile diiz konik dislinin modellenmesi (karsidan goriiniis)

Dmax ise diiz konik dislinin dis boyu uzunlugudur. Yukarida sunulan modele gore diiz konik disli parmak freze ¢akisi ile
islenirken ¢akinin takim yolu hareketleri de asagidaki gibi olusturulmustur (Sekil. 6) [18].

Parmak

Takim yollar:

Sekil. 6. Tredgold yaklagimina gore diiz konik dislinin CNC frezede radyal olarak iglenmesi

Diger bir calismada, diiz konik diglilerin Tredgold yaklagimina gore eksenel olarak asagidaki gibi islenebilecegi de
belirtilmistir. Bu sekilde bir islemede bir divizor aparatina ihtiyag duyulacagi da belirtilmistir (Sekil. 7) [16].
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Parmak freze

Takim yollari

’ 141{
Sekil. 7. Diiz konik dislinin CNC frezede eksenel islenmesi

Bu yontemler incelendiginde, her iki yontemde de diiz konik disliyi {iretmek i¢in parmak frezenin hareketleri {i¢ eksen (X-
Y-Z) lizerinde ayn1 anda gergeklestirilmistir.

3.1. Diiz Konik Dislileri CNC Frezede Kesmek I¢in Yeni Bir Yaklasim

Yukaridaki iiretim yontemlerinde diiz konik disliler Tredgold yaklasimi dikkate alinarak modellenmis veya imal
edilmislerdir. Bu ¢alismada ise, diiz konik disgliyi modellemek i¢in onceki ¢alismada Tredgold yaklagimina gore bir dis
tizerinde olusturulan esdeger diiz dislilerin (Sekil 6 ve 5), X-Y duzlemine gére iz disiimlerinin alinarak modellenmesi
diistiniilebilir. Bu sekilde bir modelleme i¢in ilk 6nce, diiz konik digli iizerindeki en kiigiik esdeger diiz dislinin dis {stii
capinin X-Y diizlemine gore iz diigiim uzunlugu (AD) alinabilir. Daha sonrada, en biilyiik esdeger diiz dislinin dis dibinden
gecen dogrunun (BC) koni yanal yiizey uzantisin1 (EC) kestigi nokta (C) belirlenebilir ve kesik bir koni (ABCD-koni yar1
pargasi) olusturulabilir (Sekil. 8).

Z
Of

1.8 R

A R

0
. O .
s

. L
al AN 28

I NN En kiigiik esdeger

> diiz digli dis profili

2\ En biiyiik esdeger
: ﬁz disli dis profili
O (= . 0 C
| // N

-

O1

Sekil. 8. Yeni yaklagima gore kesik konik olusumu

Yukarida olugturulan kesik koni tizerindeki &, 81, 8k, € ve ¢ agisal biiyiikliikler, 6nceki ¢alismada kullanilan diiz konik
disli tizerindeki agisal biiyiikliiklerle ayn1 alindi ve diiz konik disliyi olusturmak igin agagidaki model olusturulabilir (Sekil 9).
Bu yaklasimda dislinin dis boyu uzunlugunda EC uzunlugundan dolay: bir uzama olugmaktadir. Bu konik disli taslagi

441



tizerindeki digler ise, X-Y diizlemine iz digiriilen diiz dislilerin Z eckseni boyunca tabakalar halinde olusumu ile
gergeklestirilebilir (Sekil. 9).

z
(0]
BN
N\ Rii
I O1 Y\
(F Rk
I ¢ .9
Al D
»X
22
Diiz disli tabakalart
/. %
‘X
B Tkx F C
Tkox

Tkbx

I
Sekil. 9. Z ekseni boyunca diiz disli tabakalarinin olusumu
Burada rk, rko ve rkb sirasiyla kesik koninin taban uzunluguna karsilik gelen veya iz diisiiriilen diiz dislinin dis dibi,
boliim dairesi ve dis listii dairelerinin yarigaplaridir. Dislerin kesilecegi konik dislinin taslagi ise CNC frezenin tablasina

asagidaki gibi baglanabilir (Sekil. 10a). Bu durumda parmak frezenin disli taslaginin ¢evresi boyunca hareketleri, Z ekseni
boyunca X-Y diizlemine paralele diizlemlerde asagidaki gibi olusturulabilir (Sekil. 10b).

ZI i Zsz{x

| )f\(}{onik digli Parmak freze VZ

|
Baglama I CNC tablasi
pabu@lar1_>“ ! ﬂ Takim yollar1

(@) (b)

Sekil. 10. Diiz konik diglinin CNC frezede radyal olarak islenmesi

Bu durumda takim yolu denklemlerine ihtiya¢ duyulacaktir. Bu denklemler ise Sekil 9 daki AB araligi boyunca X-Y
diizlemine iz diisiiriilen esdeger diiz dislilerin dis profillerine gore tiiretilebilir. Yine bu denklemler tiiretilirken diiz konik
disli tizerindeki agisal biiyiikliikler de Tredgold yaklagimina gore hesaplanabilir (Sekil. 9).

Burada ikinci bir yontem olarak kesik koni seklinde olusturulan disli taslag: onceki ¢alismadaki gibi eksenel olarak ta
islenebilir (Sekil. 6). Yine bu taslagin iglenmesinde de bir divizor aparatindan yararlanilabilir (Sekil. 1). Ancak bu durumda
dis profil denklemleri olusturulurken disli taslaginin tezgah iizerindeki pozisyonu dikkate alinarak diizenlenmelidir. Ciinkii bu
yonteme gore, dislinin dis boyu uzunlugu tezgahin X ekseni yoniindedir (Sekil. 6). Bu yontemde, konik diglinin dis profili
denklemlerinde dis profilini dondiirme ile ilgili bagintilara gerek yoktur. Sadece bir dis profili icin denklemlerin turetilmesi
yeterli olacaktir. Ciinkii konik disli taslagi, CNC tezgahinin doner tablasi veya bir divizor ile dondiiriilecektir.
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4. SONUC VE ONERILER

Geleneksel diiz konik disli kesme yontemleri incelendiginde, bu dislilerin dnceki ¢alismada oldugu gibi CNC frezede radyal ve
eksenel olmak tizere iki sekilde islenebilecedi goriilmektedir (Sekil. 10-6).

Geleneksel yontemlerde konik dislileri islemek i¢in kullanilan kesiciler dikkate alindiginda bu tiir kesicilerin hem sgekil itibartyla
yapimlarinin hem de fiyatlarinin ¢ok pahali oldugu goriilmektedir (Sekil. 1-4). Ayrica bu kesiciler, dislilerde 6nemli bir tasarim
parametresi olan modiil ve basing acis1 degerlerine gore imal edilmektedirler. Oysa parmak frezenin yapiminda bdyle bir durum s6z
konusu degildir ve fiyatlart da ¢ok daha ucuzdur. Geleneksel yontemlerde kullanilan kesicilerin omiirlerinin ¢ok daha uzun ve
mukavemetlerinin de ¢ok daha yiiksek olacagi goriilmektedir. Ciinkii bu kremayer kesicilerin iiretim siiresince yan yiizeylerinin
tamam kullanilmaktadir. Halbuki CNC freze tezgahlarinda yapilacak bir disli imalatinda, parmak frezenin taban kenarlar:
kullanilacagindan 6mrii kisa ve mukavemetinin daha diisiik olacag: goriilmektedir. Bu ¢alismada sunulan yeni modele gore de diiz
konik digliyi tiretmek i¢in parmak frezenin ¢api hesaplanirken koni tizerindeki en kiigiik diiz dislinin dis dibi genisligi dikkate
alinarak bagintilar ¢ikartilmali ve bu bagmtilara gore ¢ap hesaplanmalidir. Cok kiigiik modiillii dislilerde dis dibi genisliginden dolay:
hesaplama sonucu ¢aki ¢apinin ¢ok kiigiik ¢ikacagi agikardir. Bu durum karsisinda ¢ok kii¢iik modiillii konik dislilerin CNC frezede
imal edilemeyecekleri goriilmektedir. Ciinkii piyasalarda en kiiciikk parmak frezenin ¢apt 2 mm dir. CNC freze tezgahi icin
hazirlanacak olan programla konik diglilerin istenilen modiilde, dis sayisinda, basing agisinda ve tashih degerlerinde imal
edilebilecegi goriilmektedir. Ciinkii dis profil denklemlerine bu parametrelerin de katilacagi ve bu parametrelerin program igerisinde
¢ok rahatlikla degistirilebilecegi diisiiniilmektedir. Dis profilini kesme hassasiyeti ve Z ekseni boyunca X-Y dizlemine paralel
diizlemlerdeki diiz disli tabaka sayisinin tezgah hassasiyet simirlari igerisinde degistirilebilecegi diisiiniilmektedir. Ornegin tezgah
hassasiyeti 0.001 ise dis profillerini kesme hassasiyeti ve diiz disli tabaka sayis1 bu degerlere kadar ¢ikartilabilir. Ancak bu durumda
imalat sliresinin uzun olacagi goriilmektedir.

Sonug olarak; oOnceki caligmadan farkli olarak burada sunulan yeni yaklasima gore de genel bir imalat programinin
geligtirilmesinin, hem akademik hem de sanayi yoniinden iyi bir ¢aligma olacagi goriilmektedir. Ayrica hem bu yeni modele gore
hem de Tredgold yaklagimina gore konik disliler imal edilerek c¢aligtirilabilir ve dis profil aginmalari ile dis profillerindeki basing
dagilimlart ayri ayri incelenerek karsilastirilabilir.
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Abstract

Bone drilling is widely used in fracture treatments and reconstructive surgery. In the drilling process
elevated bone temperature is generated. During drilling, temperatures above 47 °C cause osteonecrosis.
Therefore, this temperature value is defined critical temperature. This situation leads to screw loosening,
implant failures and refractures.

This study focuses on the tool wear and the temperature generated during drilling of cortical bone tissue
(bovine origin) with different spindle speeds, feed rates, geometries, and diameters. The study was also
used saline solution as cooling fluid. Drilling experiments were performed by simulating the conditions
during the surgical operation. According to the experimental results, bone drilling temperature increases
spindle speed, feed rate, drill geometry and drill diameter, respectively.

Keywords: Bone, drilling, drilling temperature, osteonecrosis

1. GIRIS

Giinliik yagam da yaslanma veya kazalara bagli olarak kemik kirtlmasi ile karsilasiimaktadir. Kemik kirigmin
yeniden birlestirilmesi ve tedavinin yapilmast i¢in en énemli yontemlerden biri kemiklerin delinerek plak, tel
ve vidalar kullanarak ayri pargalarin birlestirilmesidir. Kemik yiizeyine acilmis deligin yiizey kalitesi,
toleransi, geometrik hassasiyeti ve vida, tel gibi tespit edilen bilesenler kemigin dayanikliligimni
etkilemektedir.

Degisik ortopedik ameliyatlarin rehabilitasyonu, iyilesme tamamlanincaya kadar kemigin konumlandirilmasi
ve sinirlandirilmast kemik pargalarinin birlesmesini etkilemektedir. Cogu zaman kemigin iyilesmesini
kolaylastirmak ve hizlandirmak amaciyla kemigin sabitlenmesine ve delinmesine ihtiya¢ duyulmaktadir.
Ortopedik delme islemi, metal islemedeki delme yontemine ¢ok benzemektedir. Kemiklerin delinmesinde de
benzer sekilde kuvvete ihtiya¢c duyulmaktadir ve deligin etrafinda sicaklik artisina neden olmaktadir. Bu
sicaklik kritik sicaklik olarak kabul edilen sicaklik degerini astig1 takdirde, kemik ve ¢evre dokularinda geri
doniisii olmayan hasarlara sebep olmaktadir. Nekroz (necrosis) olarak adlandirilan bu olay kemigin iyilesme
suirecini etkilemektedir.

* Corresponding author. Tel.: +90 542-591-0151
E-mail address: mrt44cn@gmail.com (M. Can).
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Kemigin kendiliginden iyilesmesi zaman alict ve bazen de yanlis konumda yer almasina neden olmaktadir.
Bu yiizden arzu edilen konumda kirilan kemigin yerlestirilmesi zorlu bir istir. Kirtlan kemigin istenilen
konuma gelmesi i¢in direkt ve konvansiyonel yontem olmak iizere iki yontem vardir. Konvansiyonel
yaklasimda kirilan kemik, disardan desteklenerek konumlandirilmasi gergeklestirilir. Bu yontemle kiigiik
kiriklar ve yaralanmalar kolaylikla tedavi edilir. Fakat biiyiik konumlandirilmaya ihtiya¢ duyuluyor ise bu
yontem ¢ok faydali olamamaktadir. Direkt yontemde ise kirik kemigin konumlandirilmas: i¢in vidalar
kullanilmaktadir. Vidalar sikilmadan 6nce kemigin delinmesi gerekmektedir, hatta ihtiya¢ duyuluyor ise
kilavuz ¢ekilmesi gerekir. Delme islemi mekanik yontemlerdekine benzer aletler kullanilarak
gergeklestirilmektedir. Bu yontemeler de genellikle manuel, elektrik ve pnématik matkaplar kullanilmaktadir.
Bu matkaplarda mekanik delme yontemlerindeki gibi devir sayisi ve ilerleme gibi kontrol edilen parametreler
bulunmaktadir (Sekil. 1).

Spongi6z kemik

Kemik korteksi

ilerleme

Sekil. 1. Kemigin matkap ile delinmesi

Delme siiresince matkap ucu ile kemik yiizeyi arasindaki siirtiinmeden dolay1 1s1 olusumu meydana gelir.
Bunun sonucunda sicaklik artisi veya karbiirizasyon olusabilir, bu durum da kemik hiicresinin dlmesine ve o
bolgede kemigin dogal 6zelliklerinin degismesine neden olabilir.

Kirilmis kemigin tespitinde stabilitenin ve emniyetin saglanabilmesi i¢in vida kemigi stkmalidir ve tamamen
kavramalidir. Fakat delme isleminde nekroz olusmus ise vidanin takildigi bolgede stabilitenin bozulmasina
neden olmaktadir. Bu nedenle delme esnasinda sicakligin kontrol edilmesi olduk¢a dnemlidir. Konu ile ilgili
yapilan c¢aligmalar incelendiginde, Abouzgia [1], inek kemiginin delinmesinde kuvvetin devir sayisi ve
tilketilen enerji lizerindeki etkisini arastirmistir. Yapilan deneysel dl¢iim sonuglarma goére toplam enerji,
isleme zamanini azaltmasi nedeniyle delme hizi ve giiciiniin artmasma bagl olarak azalmistir ve bunun
sonucunda 1s1 miktarinin da azaldigini tespit etmistir. Lee vd. [2] kemiklerin delinmesinde delme kosullar1 ve
matkap ucu geometrisinin bir fonksiyonu olarak delme giiciinii tahmin eden bir model gelistirmislerdir.
Yapmus olduklar1 ¢aligmada yiiksek kesme hizlarinda daha diisiik kesme giiglerinin olustugunu ve ilerlemenin
artmasi ile ilerleme giicliniin arttigin1 hesaplamiglardir. Benzer sekilde Sui vd. [3] delme isleminde ilerleme
giiclinii ve olusan torku hesaplayan bir model gelistirmislerdir. Bu modele gére matkap kesme agzi, ug
noktas1 ve bosluk agis1 olmak iizere ii¢ bolgeye ayrilmistir. Boylece matkap u¢ geometrisine gore uygun
delme kosullarinin secilmesine yardimci olmasi saglanmigtir. Akhbar ve Yusoff [4], kemiklerin delinmesinde
devir sayisi, ilerleme, matkap ¢ap1 ve kemik kalmhgnin nekroz olusumuna etkilerini aragtirmiglardir. Ayni
zamanda sonlu elemanlara gore analiz yaparak deneysel sonuglarla karsilagtirma yapmiglardir. Kesme hizinin
ve matkap capinin artmasiyla sicakligin arttigini belirtmiglerdir. Aghvami vd. [5] kemigin delinmesinde
sirtiinmeye bagli olusan 1smin termal zararlarini onlemek amaciyla, kemik yogunlugunu, devir sayisi,
ilerleme ve ¢ap1 dikkate alarak analitik model 6nermislerdir.

Yukarida yapilan ¢alismalar incelendiginde isleme parametrelerinin nekroz iizerinde ve delik yiizey
kalitesinin vidanin kavramasini etkiledigi goriilmektedir. Bu ¢alismada da isleme parametrelerinin sicakliga
ve yiizey kalitesine etkileri aragtirilmustir.

2. MATERYAL VE METOT

2.1. Kemigin Yapusi

Kemik icerisinde kompakt kemik dokusu ve slingerimsi kemik dokusu olmak {zere iki tiir kemik dokusu
goriiliir. Kompakt doku sert ve yogun bir dokudur. Uzun kemik gévdelerinin dis kisminda ve kafa
kemiklerinin i¢ ve dig yiizeylerinde bulunur. Siingerimsi doku delikli, hafif ve petege benzeyen bir yap1
gosterir. Bu tiir doku tendonlarin (lif) yapistigi protuberanslarin altinda, vertebra (omur) gévdelerinde, uzun
kemiklerin uglarinda, kisa kemiklerin iki kompakt dokusu arasinda kalan orta kisimlarinda ve kisa kemiklerin
i¢inde bulunur. Kimyasal olarak %73 Kalsiyum ve %27 Fosfordan olusan kemigin yogunlugu ortalama 1800-
2000 kg/m3 olup, mekanik dzellikleri ise Tablo 1’de verilmistir [4].
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Tablo. 1. Kemigin mekanik 6zellikleri

Ozellik Deger
Cekme Gerilmesi (Mpa) 65
Basma Gerilmesi (Mpa) 200
Elastisite (%) 15
Sertlik (HRc) 70.36
fletkenlik (W/mK) 0.1-0.3
Yogunluk (Kg/m®) 1800
Ozgiil Is1 (J/KgK) 1300

2.2. Tam Faktériyel Deney Tasarimi

Deneysel caligmalarda birden c¢ok faktoriin farkli seviyelerde ele alinarak etkilerinin incelenebildigi
tasarimlardir. Tam faktdriyel yontemine gore deney sayisi, N=n* formiilii ile hesaplanmaktadir. Bu bagntida;
N: deney sayisini, n: seviye sayisint ve k ise degisken sayisini temsil etmektedir. Tam faktoriyel deney
tasarimi; ¢ok boyutlu bir yontem olmasi, fonksiyonlarin lineerliginin arastirilmasi ve faktorlerin karsilikli
etkilesimlerinin bagimli degiskene olan etkisinin bulunarak sistem iizerinde ekonomik yénden degerlendirme
yapma olanagi saglamasi yoniinden avantajli bir tasarim yontemidir. Bu sayede proseslerin maliyetlerinin
azaltilmasi, kalitenin gelistirilmesi ve iyilestirilmesi saglanabilmektedir.

Ayrica tam faktoriyel tasarimda yiiksek seviyeli etkilesimler istenmedigi durumlarda ya da sadece diisiik
seviye etkilesimler ve temel etkiler incelenmek istendiginde daha az sayida deney yapilmak istendiginde
kesirli faktoriyel tasarimlar da kullanilabilmektedir [6].

Bu ¢alisma da deney tasarimi, faktoriyel tasarim dikkate alinarak yapildi. Matkap ¢api icin 3, helis agis1 i¢in
3, devir sayis1 ve ilerleme igin ise 3 seviye kullanilarak toplam 2%.3%. = 54 farkli kombinasyon ile deneyler
yapildi.

2.3. Deneysel Parametreler

Delme deneyleri sigir kemigi tizerinde delik eksenleri aras1 mesafe 20 mm olacak sekilde esit araliklarla CNC
dik isleme tezgadhinda gergeklestirildi (Sekil. 2).

Sekil. 2. Deneyin yapilis1 ve delikler aras1 mesafe

Delme deneyinde ii¢ farkli ilerleme, devir sayisi, ¢ap ve helis agist kullanilarak gergeklestirildi. Deneyde
kullanilan parametrelere Tablo 2’de verilmistir. Deneyde kullanilan matkap malzemesi HSS olup, DIN 338
standartindadir.
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Tablo. 2. Isleme parametreleri

Devir sayisi (dev/dak) Ilerleme (mm/dev) Helis Agisi (°) Cap (mm)

400-800-1200 0.1-0.2-0.3 15-20-25 4.0-4.5-4.8

2.4. Delik Piiriizliiliigiiniin Olciimii

Delik purtizluluk degerlerinin 6lgtimi Sekil. 3’de gortlen élgiim hassasiyeti 0.001 um olan MITUTOYO SJ-
210 cihazi kullanilarak gergeklestirildi. Piirtizliiliik 6l¢timii, cut off mesafesi 0.8 mm, prob ilerleme hiz1 0.5
mm/sn alinarak Ra cinsinden belirlendi. Kemik iizerindeki deliklerden tam kesit alinarak deligin yiizeyinden
ortalama piiriizliilik degerlerinin &lgiimleri gerceklestirildi. Olgiimiin kararliigini artirmak igin farkli
bolgelerden tiger 6lgiim yapilarak piiriizliiliik degerleri belirlendi.

Sekil. 3. Delik piirtizliiliigliniin 6l¢timii

2.5. Delme Sicakligimin Olgiimii

Kemiklerin delinmesi sirasinda olusan sicakligi 6lgmek icin hem Testo 875 marka infrared termal kamera
hem de 1s1l ¢ift kullanilmistir. Termal kameranin sicakligr dlgililecek malzemelere gore kalibre edilmesinin
gerekliligini gostermektedir. Bu amagla ¢esitli arastirmalar yapilmig ve en kararli yonteme ulasincaya kadar
denemeler gergeklestirilmistir. Termal kameranin emmissivite kalibrasyonu i¢in bir deney diizenegi kurularak
kalibrasyon gergeklestirilmistir. Sicaklik Sl¢limiinde termal kamera delik giris noktalarina 20 cm olacak
sekilde sabitlenerek ayni standartlarda 6l¢iim yapilmasina dikkat edildi.

Sekil. 4. Termal kamera ile delik girisindeki sicaklik 6l¢timii

Sicaklik dl¢iimii i¢in kemik delme ekseni boyunca Sekil. 5°de goriildiigii gibi dort bolgeye ayrilarak 6lgiim
gerceklestirildi.

Spongi6z kemik
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Sekil. 5. Delme sicaklig: 6l¢iim bolgeleri

3. SONUCLAR VE TARTISMA

3.1. isleme Parametrelerinin Kemik Delinme Sicakligina Etkisi

Delme esnasinda isleme parametreleriden devir sayis1 ve ilermenin sicaklik iizerindeki etkilerini gérmek
amactyla Sekil. 6’daki grafikler cizdirildi.

Ze 6l
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a)800 dev/dak daki ilerlemenin degisimi b) 0.2 mm/dev ‘de devir sayisinin degisimi

Sekil. 6. ®4.5 mm ¢apdaki isleme parametrelerine gore sicaklik degisimi

Sekil. 6’daki grafikler incelendiginde 1200 dev/dak ile yapilan deneylerde nekroz olusumu icin bahsedilen
kritik sicaklik 470 degerinin asildig1 goriilmektedir. Benzer sekilde 1200 dev/dak’da @4 ve ®4.8 c¢aplarinda
yapilan deneylerde bu kritik sicaklik degeri asilmustir. Nekroz, kemik ve ¢evre dokularinda olusan hasarlar,
kemik ve vida arasinda gevseme problemleri veya uyumsuzluk meydana getirerek, implantasyon basarisini ve
ciiriiyen bolgede hizli kemik emiliminden dolay: birlestirmenin saglamligi azalmaktadir [7]. Bu nedenle kritik
sicaklik degerini agmadan delme yapmak 6nemlidir. Kemiklerin delinmesi talas kaldirma islemi gibi termo-
mekanik bir siirecin birlesimidir. Bu siirecte, takim-kemik talagi ve takim-kemik ara yuzeyleri boyunca
stirtiinme ve plastik deformasyonun bir sonucu olarak 1s1 meydana gelmektedir [8]. Plastik deformasyon
kiiciik bir bolgede olugsmakta olup, bu bdolgede meydana gelen sicakliklar kesici takim ve kemigin yapisini
etkilemektedir. kesici takim ve esas malzeme (kemik) arasinda kayma ve siirtiinme enerjileri olugsmaktadir.
Kayma enerjisi hem kesme hiz1 hem de ilerleme hizinin bir fonksiyonu olarak devir bagina ilerlemenin
artmasiyla artmaktadir. Talas ylizeyindeki siirtinme enerjisi ise kesme hizinin artmasiyla artmaktadir. Kayma
enerjisinin biiylik bir miktar1 ve siirtiinme enerjisinin tamami hem matkap ucu hem de kemigin sicakliginin
artmasiyla 1s1ya doniismektedir. Bunu yani sira, matkap ucunun sicakligi cabuk yiikselmektedir ¢linkii matkap
ucu malzemesi kemiginkinden oldukga yiiksek 1s1l iletkenlige sahiptir. Boylece, 1s1 daha yiiksek sicakliga
sahip matkap ucundan kemik malzemesine transfer edilir [9, 10].

Ayrica literatiirde, belirtildigi ilizere isleme esnasinda artan sicaklik kesici lizerinde meydana gelen talas
yapismalarini ve matkap ilerleme kuvvetlerini etkilemektedir [11]. Kemigin delinmesinde ortaya ¢ikan kemik
parcalar1 (talag) delik duvar1 ve kesici arasinda kalarak ufalanmaktadir. Ufalanan talaglarin tahliyesi
zorlasmakta, meydana gelen talas sikismalar1 ve ortaya ¢ikan 1s1, talaglarin matkabin {izerine yapismasina
sebep olmaktadir (Sekil. 7). Dolayist ile talas yapisasinin tetikledigi sicaklik ve kesme kuvvetlerindeki
artiglar, kesici ve delik lizerinde olumsuz etki meydana getirmekte, delik delme islemini giiglestirmektedir.
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Sekil. 7. Matkap {izerine yapismis kemik pargaciklar

Bu da matkaba gelen yiikii arttirmaktadir. Ozellikle biiyiik ilerleme kuvveti ve plastik deformasyonun daha
erken olugmasi neden olur. Kemigin en yogun tabakasinin alt kisminda plastik deformasyon baslar ve matkap
ilerleme kuvvetine bagl olarak delik ¢ikisina dogru ilerler. Bundan dolay: genellikle, deligin ¢ikis yiizeyinin
merkez bolgesinde ilk kirilma meydana gelir ve deligin etrafinda yigmtilarin olugsmasina neden olur (Sekil.

8)
- 2 -

a)Plastik deformasyon b)ilk ¢ikintt ¢)Cikintinin bityiimesi
d)ilk kirilma e)Cikis evresi fdelik olusumu

Sekil. 8. Delik ¢ikisinda plastik deformasyonun olusum evreleri

Diger taraftan, matkabin delik icerisinde ilerlemesi sirasinda artan sicaklik, siirtiinme ve olusan talas
stkismast da bu artisa sebep gosterilebilir. Delik boyu arttikca talas sikigsmalarina bagli olarak 1sida
artmaktadir. Is1 artis1 ile ortaya ¢ikan talaglar matkap {lizerine sivanarak matkabin rahat bir sekilde ilerlemesini
engellemektedir [12]. Bu durumun matkabin kararli kesmesini etkileyerek ¢ikis deliginin dairesel geometri
yerine elips seklinde olusmasina ve ¢ikis ¢apaklarinin olugmasina neden olmustur (Sekil. 9). Boyle bir durum
ise vidanin kemigi konumlandirmasini ve vida-kemik stabilitesini etkilemektedir.

Capak

a)Dairesellikten sapma b)Capak olusumu

Sekil. 9. Delik ¢ikisinda olugan hatalar
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3.2. Piiriizluliuk Olgiimii

Delme sonras1 kemikten tam kesit alinarak devir sayis1 ve ilermenin etkilerini gérmek amaciyla Sekil. 10’
daki grafikler cizdirildi.

Yilzey Pilrilzhiliigil Ra
|
|

0.1 0.2 0.3 mm/idev 100 200 1200 devidak
a)ilerlemenin degisimi b)Devir sayisinin degisimi

Sekil. 10. Kemik delik piiriizliiliigiiniin degisimi

Grafikten goriildiigii tizere ilerlemenin artmast ile piiriizliilik degerlerinin artmaktadir devir sayisinin artmasi
ile ise piriizliilik degeri azalmaktadir. Artan devir sayisi ile artan enerji tiiketiminin kesme esnasinda 1s1
enerjisine doniismesi sonucu artan sicaklik plastik deformasyonu ve talas akisini kolaylastirmakta, buna baglh
olarak da yiizey kalitesinde bir iyilesme gozlenmektedir. Artan ilerleme degerleri, birim zamanda kaldirilan
talas hacminin artmasma ve buna bagli olarak da kesme kuvvetlerinin bilyiimesine sebep olacaktir, bu
durumunda piiriizliiliik degerlerinin artmasina neden olmustur.

4. GENEL SONUCLAR

Kirtk kemigin konumlandirilmast ve stabilitesi kemige delik agilarak implantlarin takilmasi ortopedi
cerrahisinde en fazla kullanilan yontemlerinden biridir. Bu amagla, vidalar takilmadan once delme esnasinda
olusan 1s1 ve yiizey piiriizliligi olduk¢a dnemlidir. Buna gore yapilan bu ¢alismadan elde edilen sonuglar
asagidaki gibi siralanabilir;

*  Devir sayisi ve ilerleme arttika sicaklik giderek artmaktadir. Ozellikle 1200 dev/dak ile yapilan
deneylerde nekroz olusumu sicakliginin iistiine ¢ikilmustir.

*  Helis agis1 arttikga talas kanallarinda kemik pargaciklarin sivanmasi olustugu gézlemlendi.
*  Spongitze bdlgesinde sicaklik artis hizinin azaldigi, ¢ikis korteksinde ise tekrar arttigi

e Kemigin 1s1 iletim katsayisi, kesici takimdan ¢ok diisiik oldugu i¢in 1s1 transferinin %80 oranin da
kesici takim ve kemik talasi ile geri kalanin ise kemik tizerinden oldugu olgildi.

e Devir sayisinin artmasi ile delik piiriizliiligiin azaldigy, ilerlemenin artmasi ile artt181 belirlendi

TESEKKUR

Bu galismanin gergeklestirilmesinde desteklerinden dolayt OTTOMAN Grup implanta (OTIMED) tesekkiir
ederiz.
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Abstract

Dental implants are widely used in dentistry to achieve a more aesthetic appearance as a result of tooth
loss of individuals. However, due to the competition conditions brought by the commercial market,
prosthetic manufacturers produce dental prostheses differently from each other. As a result of these types
of prostheses which are produced in different geometries, different stress values arise as a result of being
placed in the jawbone. As a result of the different stress values that arise, the unexpected stresses that can
be made with the surgical intervention can shorten the implant life. For this reason, it is important to be
able to determine stress conditions. Finite Element Analysis (FEM), which is widely used in the
simulation of mechanical systems, is used to obtain the stress values.

In this study, the results of regression and contact pressure values which are the result of application of
the dental implants of different geometries at various angle values by end element analysis were
investigated. In the study, a computerized tomography image of the jaw was first provided. Then the
MIMICS program was used to transform the computerized tomography image into a solid model. In the
program, each layer of the CT image taken at 1 mm intervals from the patient's jaw was equally filled to
obtain a solid pattern. In the obtained solid model, the dental implants of different geometries were
transferred to the CAD program in order to be made suitable for the jawbone assembly for the analyzes
to be performed. In the CAD program, implant nests were formed at different angles to allow dental
implants to pass through at desired dimensions. In the final step, the CAD model is transferred to the
Static Structural interface of the ANSYS program, which is used extensively in the analysis of end
elements. Then mesh is applied, and stress and pressure analyzes are performed. The present findings
indicate that the pressure and tension that the implant has applied to the mandible decreases from 0° to
30°.

Keywords: Dental implants, computed tomography, finite element analysis, stress.

1. GIRIS

Giiniimiizde teknolojinin ve insan saghigma verilen énemin artmasiyla implant tedavileri artmistir. implant
tedavisinde titanyum, dayanak olarak yiiksek basar1 oranlariyla kullanilmaktadir. Benzer sekilde metal alasim
destekli porselenler rutin olarak kullanilan materyallerdir. implantlarin agizda saglikli ve uzun siireli kalmasi
icin ise en uygun biyomekanik kosullar saglanmalidir. Kortikal ve trabekiiler kemikte olusan ve kemik
rezorpsiyonuna neden olan stresler, implant materyallerinden, implant tasarimindan, {ist yap1
materyallerinden, iist yap1 materyallerinin tasarimindan ve yiikleme kosullarindan etkilenmektedir. implant
tedavisinin basarisim1 daha {ist seviyelere ¢ekmek igin bircok calisma yapilmaktadir. Ug boyutlu sonlu
elemanlar stres analizi gerek maddi agidan gerekse hassas olmasina karsin kolay uygulanabilirligi sayesinde

* Corresponding author. Tel.: +90 532-320-7845.
E-mail address: erkan.bahce@inonu.edu.tr (E. Bahce).
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bircok mithendislik alani ile son zamanlarda tip ve dis hekimliginde de kullanimi olduk¢a yaygindir ve in
vivo c¢aligmalarla tespit edilmesi miimkiin olmayan bircok stres analizinin bilgisayar ortaminda rahatlikla
uygulanmasini saglamaktadir.

Literatiirde ¢ene kemiklerine cerrahi miidahale ile yerlestirilen implantlarda meydana gelen stres
dagilimlarinin aragtirilmasina yonelik galigmalar yapilmaktadir [1-6]. Damlar ve ark. [1] iki farkl: ticari firma
tarafindan tiretimi gergeklestirilen dis implantinin alt ¢ene kemigine farkli agilarda monte ederek sonlu
elemanlar yontemi ile olusan gerilme dagilimlarini incelemislerdir. Caligma sonucunda ¢eneye dik bir sekilde
monte edilen dis implantinin meydana getirdigi gerilme degerinin, 30°’lik a¢1 ile monte edilmesi sonucunda
meydan gelen gerilme degerlerinden daha diisiik seviyelerde meydana geldigini sdylemislerdir. Daglik [2] alt
cenedeki tam ve kismi dissizlik durumlarinda dis protez uygulamalarinda meydan gelen stres dagilimlarini
sonlu elemanlar yontemi ile degerlendirmislerdir. Yapilan analizler sonucunda Kose ve Sofuoglu. [3] alt cene
kemiginde meydana gelen hasarin abutment boyu ve protez dolgu malzemesi kullanilarak giderilmesinin
mandibula tizerindeki etkilerini sonlu elemanlar yontemi ile incelemislerdir. Sert kemik ve yumusak kemikte
bir cismi 1sirma esnasinda meydana gelen kuvvetin yaklagik olarak 150 N oldugu kabuliinii yaparak
calismalarini gergeklestirmislerdir. Hasan ve ark.[4] farkli yiikseklik ve captaki implantlarin gerilim
degisimlerini sonlu elemanlar analizi yaparak gerceklestirmiglerdir. Yapmis olduklari analize gore kiigiik
capli implantlarin boyun bodlgesinde daha yiiksek gerilmelerin olugtugu, kirilma ve asir1 ylikleme riskinin ise
cok fazla oldugunu tespit etmislerdir.

Benzer sekilde Holmgren ve ark.[5] yapmis olduklar1 calismada da benzer sonuglar bularak genis caplt
implant kullan1ldiginda diistik gerilimin elde edilecegini belirtmislerdir.

Bu ¢aligmada pasif yivli titanyum implantlarin, abutment ve metal destekli porselen materyallerini kullanarak
yiikleme sonrasi peri-implant kemikte, implantta, iist yapida, abutmentta ve vidada olusan stresleri sonlu
clemanlar stres analizi sayesinde karsilagtirmak ve neticesinde boyun rezorpsiyonlarini daha diisiik seviyelere
¢ekmeye caligilmasi amaglanmaktadir.

2. MATERYAL VE YONTEM
Caligmada dis kayb1 sonucunda kullanilan Sekil.1’de CAD modeli verilmis olan dis implant1 kullanildi.

Sekil 1. Pasif yivli dig implanti

Dis implantlarmin farkli agilarda alt ¢ene kemigine monte edilebilmesi igin ilk olarak hastadan 1 mm araliklar
ile alinmig olan bilgisayarli tomografi goriintiisii (BT) MIMICS programinda katmanlama yapilarak islendi
(Sekil.2). Katmanlama islemi sonucunda elde edilen mandibulanin CAD modeli Sekil.3’de gosterildigi
gibidir.

Sekil 1. Mandibula’nin MIMICS programinda elde edilmesi
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Sekil 2. Mandibula CAD modeli

Son olarak ise alt ¢ene kemigine dis implant1 0° 15° ve 30°°deki farkli agilarda montaj edildi ve ANSYS
programinin static structural ara yiiziine aktarildi(Sekil.4). Ara yiizde yapilan Tablo.1’de verilen malzeme
ozelliklerinin girilmesi, sabitleme noktalariimn belirlenmesi ve kuvvet uygulama yoniiniin ve siddeti girildi

Tablo 1. Analizde kullanilan malzemelerin mekanik 6zellikleri [7]

Malzeme Poisson Orani Young Modiilii (GPa)
Ti6AI4V 0.342 113.4
Mandibula 0.3 14

000 S0 1000,00 (mm)
25000 750,00

Sekil. 3 Mandibula ANSYS gorintusu
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3. ARASTIRMA BULGULARI

0°, 15° ve 30° ile montaji yapilan dis implantlarinda meydana gelen gerilme degerlerinin degisimi incelendi.
Elde edilen sonuglar dogrultusunda montaj edilirken ki ag1 artisinin gerilme degerlerini arttirdigi
gozlemlenmistir. Analiz sonuglarinda 0 ile montaj1 yapilan dis implant1 ve kemik yiizeyi arasinda meydana
gelen maksimum gerilme degerinin 0,896 MPa, 15 ile montaj edilen diz protezinde 0,729 MPa ve son olarak
da 30 ile montaji dis protezinde ise 0,661 MPa oldugu goriilmistiir(Sekil.5). Bu duruma sebep ise,
implantlarin agilandig tarafa, kars1 koyan kortikal kemik tabakasinin yiizey alani arttig1 i¢in, agili implantlar
cevresindeki gerilmeler daha diisiikk ¢ikmasidir. Literatiirde yapilan ¢alismalar incelendiginde de elde edilen
verileri destekler nitelikte sonuglar gorilmistiir [8,9].

Equivalent Stress AR :
mwmmwww m*ﬁ"'"““"““""“"
Tima: 1 Timei L
06,0000 L4l 600 3018 144D

06616 Max TP Max I
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I AT 43687
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[F T 0,3431

:.22:‘1: 024324
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b oo e
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0,00 500,00 1000,00 {rmrm)
. . b g Enm 000,00 (rare)
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Sekil. 4 Farkli agilardaki Von-Misses gerilme degerleri a) 30° montaj hali, b) 15° montaj hali ¢) 0° montaj hali

4. GENEL SONUCLAR

Bu calismada farkl: agilar ile montaj1 yapilan dis implantlart ve bu ag1 farkliliklarina bagl olarak meydana
gelen gerilme degerlerinin degisimleri incelenmistir. Caligma sonucunda montaj agisinin artmasina bagl
olarak gerilme degerlerinde diisiis goriilmiistiir.

Elde edilen diisiik gerilme degerleri sayesinde daha uzun Omiirli dis implant kullanimint miimkiin
kilinmaktadir.

Calismanin daha ileriye tasinmasi adina farkli Olgiilerde ve farkli yiv profiline sahip dis implantlar
kullanilabilir.
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Abstract

Historical masonry arch bridges are one of the most important part of transportation, commercial and
architecture since the ancient times. These structures must transfer to next generation, but historical
bridges can be damaged by unexpected events, such as earthquakes, floods and other major natural
disasters. Because of these reasons seismic response of historical bridges must be known. In this study, it
is aimed to investigate dynamic linear analysis of a masonry arch bridge. For this purpose, historical
Musapalas masonry arch bridge is selected as a case study. Three dimensional model of the masonry
arch bridge is generated by ANSYS software with macro modelling approach. 1992 Erzincan earthquake
acceleration records are considered for dynamic analysis of the bridge. As a result of the analysis,
dynamic response of the bridge such as displacements and maximum-minimum principal stresses are
obtained and seismic response of the bridge is examined.

Keywords: Historical masonry arch bridge, finite element model, seismic response, dynamic analysis.

1. INTRODUCTION

In Turkey, there are many historical structures reached today from the Roman, Byzantine, Seljuk and
Ottoman periods. Masonry arch bridges is one type of the historical structures. Many historical bridges had
been built in different sizes, shapes and spans in the world. These bridges which have a great historical and
strategic importance have to protection and to transferred to next generation. Masonry arch bridges can
damage natural factors which are earthquake, flood, fire, wind, loss in the strength of the construction
materials, time-dependent deformations, excessive and irregular loading due to inconvenient use and wars
[1]. Therefore, seismic assessment is a necessity for protect these structures and transfer to the next
generation. Masonry arch bridges have different parts which are arch, spandrel wall and backfill material.
Arch is the most important part of masonry bridges and most possibly one of the oldest architectural forms
used for bridge type structures. The first arches were saw in Mesopotamia, built around 3000 BC [2]. There
are many studies in the literature about the masonry arch bridges. Toker and Unay [1] constituted masonry
arch bridge prototype and they applied various loads to bridge for investigated various mathematical
modelling techniques. Royles and Hendry [3] studied 24 arch bridges with different spans for explain the
effect of some parts of the bridge on limit strength. As a result of that study, they determined that spandrel
walls and wing walls enhanced the strength of arch. Brencich and Sabia [4] evaluated The Tanaro Bridge in
Italy. They investigated the bridge in service conditions and at different stages of its demolition. Gullu and Jaf
[5] examined soil structure interaction effect on a historical masonry stone arch bridge. For this purpose, three
dimensional nonlinear time history analyses of the Mataraci Bridge was carried out. Sayin et al. [6] modelled
the historical Uzunok Bridge using three dimensional finite element method and they performed linear and
nonlinear analyses. Altunigik et al. [7] investigated the arch thickness effects on the structural behavior of
masonry arch bridges under dead load and live load. They achieved that the arch thickness of the masonry
bridge influence the structural behavior. Rafiee and Vinches [8] evaluated mechanical behavior of a standard
arch bridge and a stone masonry arch bridge under the various types of static loadings.

* Corresponding author. Tel.: +90 424-237-0000/5412.
E-mail address: erkutsayin@gmail.com (E. Sayn).
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Sevim et al. [9] carried out a study about linear seismic analyses of two historical masonry arch bridges with
operational modal analysis. Sayin [10] investigated the seismic response of a historical masonry arch bridge.
Artificial acceleration records that generated considering the bridge location were used for the dynamic
analyses. Karaton et al. [11] performed nonlinear seismic responses of Malabadi Bridge. Three different
earthquake levels (D1, D2 and D3) were selected for seismic loading.

In this study, seismic assessment of historical Musa Palas Bridge is evaluated under Erzincan (1992)
earthquake acceleration records. For this purpose, three dimensional finite element model of the bridge is
constituted by ANSY'S software and dynamic analysis of the bridge is performed. After the analysis, dynamic
responses of the bridge such as displacements and maximum-minimum principal stress are investigated.

2. MUSA PALAS BRIDGE

The case study structure is Historical Musa Palas Bridge. It is located in Baskil which is town of Elazig,
Turkey. The bridge is 32 m long and 6 m wide, 9.80 m in height and span of 11 m. The thickness of spandrel
walls and arch are 0.40 m and 0.55 m, respectively. The bridge consists of an arch, spandrel walls, infill
material and parapets. The floor type is rubble stone. Views of the Musa Palas Bridge are shown in Fig. 1.
Section properties of Historical Musa Palas Bridge can be shown in Fig. 2.

a) Upstream face b) Downstream face

Fig. 1. Musa Palas Bridge

Geometrical properties of the bridge are presented in Fig. 2.
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Fig. 2. Geometrical properties of Musa Palas bridge
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3. FINITE ELEMENT MODEL OF THE BRIDGE

Three dimensional finite element model of historical Musa Palas Bridge is constituted using ANSY'S software
with macro-modelling approach. In macro-modelling approach, the masonry accepts as a composite without
making a distinction between unit and mortar. ANSYS can be used for linear and non-linear, static and
dynamic analyses of two and three dimensional model structures. SOLID186 element is used in the finite
element model of the bridge. Solid element has 20 node and three degrees of freedom per node: translations
in the nodal X, y, and z directions [12]. A schematic figure of the SOLID186 is shown in Fig. 3.

M, MN,0,P UV WX

Tetrahedral Option
M,N,0,P UV WK

J
Pyramid Option

M O,P,W

¥ AB

1 KLS
5 0
Prism Option
Fig. 3. Schematic model of SOLID186 element

There dimensional model of the bridge consists of 30057 node and 19354 solid elements. All degrees of
freedom under the bridge is assumed as fixed in the finite element model. The finite element model of
historical Musa Palas Bridge is seen in Fig. 4.

22455

Fig. 4. Three dimensional finite element model of the bridge

Because of the difficulties to decide the material properties of historical structures, material properties of the
bridge were taken from the similar studies in the literature [4]. Material properties of the historical bridge is
shown in Table 1.

Table I. Material properties of the bridge

Elasticity Density Poisson

Material
modulus (t/m?) ratio
Arch material 2.5E6 25 0.2
Spandrel walls 2.2E6 2.2 0.2
Fill material 1.5E6 15 0.15
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4. DYNAMIC ANALYSES OF THE BRIDGE

Linear transient analyses of the bridge were performed using 1992 Erzincan earthquake acceleration records.
(Figure 5).
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Time (s)
¢) Up-Down (U-D) component

Fig. 5. Acceleration records of Erzincan earthquake

To assess the dynamic analyses of the bridge, E-W, U-D and N-S component of the earthquake is applied to
the bridge at x, y and z direction, respectively. The first 10 second acceleration records of the earthquake
which is effective duration is taken into account in the analysis. Newmark method is used in the solution of
the equation of motion. Integration time step is selected as 0.005 s. In the linear dynamic analysis, Rayleigh
damping constants were calculated for 5% damping ratio. The first four mode shapes and natural frequencies
of the bridge are given in Fig. 6.

a) first mode (f;=11.88 Hz) b) second mode (f,=17.70 Hz)

c) third mode (f3=19.48 Hz) d) fourth mode (f,=19.93 Hz)

Fig. 6. Natural frequencies and mode shapes of the bridge



The time history graphs of the X, y and z directions of the displacement values of the nodal point 22455 which
is marked at top of the bridge are presented in Fig. 7. Absolute maximum displacement of the nodal point is

obtained as 0.19 mm, 0.67 mm and 1.57 mm in x, y and z direction, respectively. Maximum displacement is
obtained at z (flow) direction.
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Fig. 7. The time histories of displacements at nodal point 22455

Maximum and minimum principal stress contours of the bridge are given in Fig. 8. It is seen from the figure
that maximum and minimum principal stresses occurred at upper part of the spandrel wall and they are equal
to 0.41 MPa and -0.46 MPa, respectively. It is likely that potential damages due to earthquake loads can occur
initially at upper part of the spandrel wall if the maximum and minimum stress obtained in the analyses
exceed the tensile and compressive strength of the bridge material.

MPa
I I
o 0.068 0.13 0.20 0.27 0.34 0.41
a) Maximum principal stresses
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-0.46 -0.38 -0.31 -0.23 -0.13 -0.076 0

b) Minimum principal stresses

Fig. 8. Maximum and minimum principal stress contours of the bridge

Also, time histories of the maximum and minimum principal stresses of the bridge are given in Fig. 9.
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Fig. 9. The time histories of maximum and minimum principal stresses of the bridge
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5. CONCLUSIONS

It is very important to protection and restoration of historical monuments. Therefore, the structural
characteristics of historical structures must be known. In this study, dynamic response of historical Musa
Palas Masonry Bridge was investigated. The bridge was modelled with ANSYS software using macro
modelling approach. For the seismic effect, 1992 Erzincan earthquake acceleration records were used and
linear dynamic analyses of the bridge was performed. Displacement of the nodal point located at the top of
the bridge was obtained in x, y and z direction. Also, maximum and minimum principal stress contours and
time history graphs of the bridge were achieved. As a result of the linear dynamic analysis, it can be seen that
the possible damages will initially start upper part of the spandrel walls.
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Abstract

In the general sense of Turkey and the world, urban regeneration applications are defined as the
reintegration of the cities with economic, social, environmental and physical dimensions. Urban
transformation applications are an important application tool of sustainable urbanization. The success of
urban regeneration applications comes to the forefront in the consideration of all dimensions of the city.
Excessive colapses in cities, which have increased in recent years with migration, industrialization, urban
sprawl, and inadequate green and open space increase climatic changes in cities. For this reason, these
environmental effects should not be ignored in the process of urban regeneration in cities. The aim of this
study is to ensure that the negative environmental conditions are regulated by the urban transformation
studies implemented during the city's re-planning. Within this aim, Nigde province in Turkey was chosen
as the application area due to unplanned urbanization and environmental problems. Firstly, the
environmental situation analysis (physical structure and pollution) was done in the city and the regions
where the need for urban transformation was determined as a stain plan draft. Then, the regulations to be
made in the determined regions and the recommendations of strategic planning have been put forward.

Keywords: Urban regeneration, environmental sustainability, urban planning, urban politics.

1. GIRIS

Kentsel doniisiim uygulamalarina iilkemiz ve diinyada farkli amaglarla gereksinim duyulmus ve bu amaglar
cergevesinde yaklasimlar benimsenmistir. Ulkemizde kentsel déniisiim uygulamalari, niifus artisi ile artan
altyapisi hazir imarl arsa talebi yani sira gayrimenkul sermaye piyasasinin yeniden yapilandirmas: sorununa
bir ¢6ziim arayisi ile ortaya ¢ikan ve arag olarak kentsel doniisiim kavramini kullanan bir yap1 izlenimi
vermektedir. Uygulamalarin bu gereksinimlerle olusturuluyor olmasi, yapilan uygulamalarin alana ve alanda
yasayanlara tek amag gergevesinde hizmet etmesine neden olmaktadir.

Kentsel doniisiim uygulamalari sadece niifus artisi ile artan altyapist hazir imarli arsa talebini karsilamak ya
da gayrimenkul sermaye piyasasinin yeniden yapilandirmak sorunu disinda uygulama alaninda mevcut olan
veya gelecekte olmas1 muhtemel sorunlarin ele alindig1 bir yaklasim cergevesinde olmalidir. Ozellikle kentsel
alandaki sosyal, ekonomik ve ¢evresel planlamaya dair olusan sorunlara ¢6ziim iiretecek nitelikte olmalidir.
Boylece uygulamalar kente dair sorunlari tim boyutlariyla ele alip, ¢dziim iiretebilir. Aksi takdirde
uygulamalar biitiinlesik yaklasimdan uzak, stratejik planlama anlayisina sahip olmayan, siirdiiriilebilir kentsel
ve bolgesel gelismeyi desteklemeyen ve ¢agdas yasam kalitesinin arttirllmasindan uzak g¢aligmalar olarak
ortaya ¢ikar.

Basarili kentsel doniisiim uygulamalar1 elde etmek igin kentsel sorunlarn tim boyutlariyla (sosyal,
ekonomik, ¢evresel ve planlama) ele alinmasi ve ¢ok amacgli yaklagim tekniginin benimsenmesi

465



gerekmektedir. Son yillarda artan gég, sanayilesme, kentsel yayilma, agik ve yesil alan yetersizligi ve iklimsel
degisimler kentlerin doniisiim siirecinde gevresel boyuta vermeleri gereken onemi artirmaktadir.

Kentsel doniigiim uygulamalart kapsaminda;
e enerjinin verimli kullanilmasinin arttirilmast,
e  kirliligin azaltilmas1 ve
e atik ve kaynaklar siirdiiriilebilir kullanilmas: ile
cevresel kullanimda karsilagilan sorunlara ¢oziim iiretilmesi saglanabilir.

Bu calismada, Tirkiye'nin Nigde ilinde kent merkezinde kentsel doniisiim siirecinde yasanan gevresel
sorunlar incelenerek bu sorunlara yonelik kentsel doniigiim ihtiyaci olan bolgeler belirlenmis ve bu alanlara
yonelik planlama 6nerileri gelistirilmistir.

2. KENTSEL DONUSUM UYGULAMALARI VE GENEL YAPISI

Kentsel doniisiim uygulamalart; Tiirkiye’de ve diinyada planlamada kentsel alanin pargalanmig, bozulmus ve
kohnemis yapisindaki catlaklari onararak kente yeniden kazandirmak, daha kullanisli, verimli ve etkili
mekanlar haline gelmesini saglamak, bu sayede kentin artan niifusuna barmma imkani saglayan yerel
yonetimlerin imar ve sehircilige iliskin sorunlarmi bir arada ¢dzmek, kentsel arsa paylasimina ya da verimli
tarim arazilerinin kentsel alana agilmasini engellemek gibi amaglar i¢in yeni bir uygulama araci
konumundadir.

Kentsel doniisiim uygulamalarinda yasanan sorunlarin tespiti igin 6ncelikli olarak kentsel doniigiim kavramu,
kapsamu, geligim siireci ve gereksinimlerinden bahsedilmesi gerekmektedir.

Kentsel Doniisiim Kavramu:

Kentsel doniisiim, en genel anlamiyla “yitirilen bir ekonomik etkinligin yeniden gelistirilmesi ve
canlandirilmasi, islemeyen bir toplumsal islevin isler hale getirilmesi; toplumsal dislanma olan alanlarda
toplumsal biitiinlesmenin saglanmasi; c¢evresel kalitenin veya ekolojik dengenin kayboldugu alanlarda bu
dengenin tekrar saglanmasidir”[1].

Kentsel Doniisiim Kapsami:

Plansiz ve kontrolsiiz bir mekansal gelisme, kente yeni katilan gruplart ve kentin diigiik gelir sahipleri
acisindan sagliksiz ¢evre ve barinma kosullart yani sira sosyo-kiiltiirel agidan miilkiyet, kiracilik, sug,
komsuluk ve dayanmigma iliskilerinde kopukluk, kentsel siddet sorunlarmi da beraberinde getirmektedir.
Kentsel alanda olusan fiziki ve sosyal anlamdaki bu sorunlar kentsel doniisiim uygulamalarinin kapsamini
olusturmaktadir.

Tiim boyutlariyla ele alinan etkilesimli bir kentsel doniisiim ¢aligmasi; kent dokusunda olusan fiziksel yapinin
ihtiya¢ duyacag1 kentsel yayilmay1 dnleyerek ve kentsel alanlarin optimum bi¢imde kullanilmasini saglayarak
kentsel politikalarin belirlenmesini; kentsel alanda olusan yasadis1 ve yasam kalitesi diisiik kentsel alanlarin
yasallastirilmasi, sagliklastirilmasi ve sosyal yapinin fiziki yapiyla biitiinlesik olarak gelistirilmesini; dogal,
tarihi, kiiltiirel mirasin ve ekolojik dengelerin korunmasini; kentin koruma- kullanma dengesi gercevesinde
tiim degerleriyle beraber ekonomik kalkinmasini veya gelismesini amaglar.

Kentsel Déniigiim Uygulamalar: Gereksinimi:

Kentsel donlisiim uygulamalarina tarihten giinlimiize bir¢ok nedenle gereksinim duyulmustur. Kentsel
doniisim uygulamalar1 diinyada sanayi devrimi sonrasi kentlerin daha saglikli ve ¢evreye duyarli hale
getirilmesi yoniiyle gelistirilmis ikinci diinya savasi sonrasinda ise yikilan kentlerin yeniden iiretilmesi ile
giindeme gelmistir. Tiirkiye’de ise dncelikle yanginlarin 6nlenmesi ya da ulasim ihtiyac ile ilk olarak ortaya
¢ikmigtir. Giiniimiizde diinyada daha ¢ok kent merkezlerinin yeniden canlandirilmasi, sanayi alanlariin kente
kazandirilmasi, rehabilitasyon ve tarihi kent ¢evrelerinin korunarak gelistirilmesi yoniiyle ortaya ¢ikmaktadir.

Kentsel Déniigiim Uygulamalarinin Gelisim Siireci:

Ulkemizde ilk go¢ hareketleri 1950°den sonra baslanms ve sonrasinda yapilan planlarda ise niifus
hareketliliklerini dogru tahmin edilmedigi i¢in yetersiz kalmistir. Kent ¢eperinde altyap1 ve sosyal donati
alanlarindan yoksun, sosyal ve kiiltiirel yonden farkli tabakalara mensup gecekondu bolgeleri olusmaya
baglamistir. 1980 ve sonrasinda gecekondu alanlarinin yenilenerek kentsel arsa pazarimna kazandirilmasina
iliskin ilk ¢6ziim 1slah imar planlari hazirlamak olmustur. Islah imar planlarinda istenen niteliksel ¢éziimler
elde edilememis; yerini diinyadaki izlenen gelismeler esliginde kentsel doniisiim kavrami almaya baglamigtir.

Tiirkiye’de kentsel doniisiim 1990’11 yillarda Ankara’daki Portakal Vadisi Cigegi uygulamasiyla baslamustir.
Bu siire¢ 1999 depreminden sonra ve 2003 yili1 Kentsel Doniisiim Kanun Tasarist agilimiyla iilke genelinde
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birgok belediye ve biiyiiksehir belediyesinde uygulanmaya devam etmistir. Ozellikle iilkemizde yapilan
kentsel donlisiim uygulamalari gecekondu alanlarinda; bu alanlarin 1slah edilmesi, iyilestirilmesi,
soylulastirmasi igerikli gergeklesmistir.

2013 yilinda cikarilan 6306 sayili Afet Riski Altindaki Alanlarin Doniistiiriilmesi Hakkinda Kanun
kapsaminda kentsel doniisiim uygulamalart daha iilke genelinde biitiinciil, kapsamli ve planli hale
donligmiistiir.

3. TURKIYE’DE KENTSEL DONUSUMUN BOYUTLARI

Kentsel doniisiim uygulamalarmin basarili ve imar ve sehircilik agisindan siirdiiriilebilir nitelik tagimasi
uygulamalarin tiim boyutlari (planlama ve tasarim, sosyal, ekonomik, yonetsel, yasal ve gevresel) ile ele
alinmast ile saglanabilir.

Tablo I. Kentsel Doniisiimiin Boyutlari

Planlama ve Tasarim Boyutu Cevresel Boyutu

* Kentsel doniisiim alan1 sinirinin tespiti, * Doniigiim alanina iliskin kurumlara
o . (Universiteler, ilgili odalar, ¢evre koruma
* Kadastrosu yapilmamis alanlarda déniisiim 6ncesi kadastronun tamamlanmasi,
o Lo L . . . dernekleri) dair goriiglerin alinmasi,
miilkiyet tespitlerin yapilmasi ve arazi degerlerinin belirlenmesi,

o . *Alt yap1 ve ulagim sistemlerinin olugturulmast,
* Kadastrosu bulunan alanlarda buna bagl giincellemelerin yapilarak kentsel

doniisiim 6ncesi meveut durumun tespiti (bina durumu, bina yasi, kat adetleri, ...), *Kentin gelisme yoniine, niifus degisimine ve
iklimsel degisimine yonelik acik ve yesil, sanayi

* Doniligtim alanina iligkin kurumlara dair goriislerin almmasi,
bolgelerinin, yerlesim bélgelerinin ve baki

* (st dlgek plan kararlari, niifus projeksiyonlari, kentin gelisme yonii sosyal yap1 ozelliklerinin planlanmast
gibi kriterlere baglh olarak doniisiim tiirli ve amacina gore yeni kentsel kullanim
alanlar1 (konut, ticaret, meydanlar ...) ve donatilar ( okul, hastane, dini tesisler, ...)

olusturulmast,

* Doniistim sonrast yeni miilkiyet durumlarinin vatandasa teslim edilmesi,

Ekonomik Boyut ~ Ydnetsel Boyut  Yasal Boyut Sosyal Boyutu
*Ekonomik *Belediyeler *2013 yilinda ¢ikarilan 6306 sayili Afet * Analizler asamasinda alana iligkin toplumsal
orgutlenmeler; L . Riski Altindaki Alanlarin Déniistiirtilmesi gereksinimlerin tespiti,
*Biiyiiksehir
i i Hakkinda Kanun

Kamu -Kamu Belediyeleri * Doniisiim amacina gore sosyal yapida olmasini

.. . * Doniisiim Alanlar1 Hakkinda Kanun istenilen degisikliklerin fiziksel yapiya yansimasi
Kamu -Ozel *TOKI

Tasarisi, (soylulastirma,...),

Ozel - Ozel *Bakanlik

* 5393 Sayili Belediye Kanunu’nun
Kentsel Doniisiim ve Gelisim Alani baglikl
73. Maddesi,

* Toplu Konut Kanunu,

* 5366 Sayili Kuzey Ankara Girisi Kentsel

Doniisiim Projesi Kanunu,
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3.1. Kensel Doniisiimde Cevresel Boyut

Kentsel doniisimiin ¢evresel boyutu deprem ve kentin fiziki yap1 bilesenlerine iliskindir. Ayrica bir kentin
cevresel yapi stratejisinin yapi riski ve yasanabilirlik yoniiyle incelenmesi gerekmektedir. Tiirkiye igin yap1
riski yasanan deprem ve diger kacak yapi1 kullanimlart ile oldukg¢a giindemde olan bir konudur. Yapr riski ve
yasanabilirlik; bina durumu, bina cinsi, zemin durumu tehlikeli kullanimlar, yapilarda kullanim uyumsuzlugu,
altyapi, yoksulluk, ulagim, donati alanlarinda yasanan yetersizlikler, depremsellik, sel, havza kullanimlari
olarak ele almabilir.

Bir Kent i¢in Cevre stratejisi;
e alanda cevreyi iyilestirmek ve idame ettirmek iizere bir siirdiirebilir alan stratejisi olugturmak,

e  konut sektdriinde yasanilan yenilenemeyen enerji tiiketimini azaltmak iizere bir Konut Enerji
Stratejisi olugturmak

e alanda yasayan toplumun giivenligini saglamak tizere bir Toplum Giivenlik Stratejisi olusturmak [2]

olarak ifade edilebilir.

4. NIGDE iLiNiN GENEL DURUMU

Cevresinde yer alan komsular1 Kayseri, Nevsehir, Adana, Mersin ve Konya illerine gére daha az taninan
Nigde ili ¢ Anadolu Bélgesinin Giineydogusunda ve Akdeniz Bélgesinin simrinda yer alir (Sekil 1).
Kuzeyinde Kapadokya Bolgesi ve giineyinde Toros daglar1 bulunan Nigde bu iki farkli jeolojik yapryr bir
arada bulunduran bir konuma sahiptir [3].

Sekil 1. Nigde ili genel gériiniimit

Nigde ili il ve ilge merkezleri niifus oran1 % 49,21 ve Belde/mahalleller (kdyler) niifus oran1 % 50.79'dur ve
Nigde ili i¢in kir-kent heterojenliginden bahsedilemez [4]. Nigde ilinin ekonomik yapisi tarim ve sanayi
sektoriine dayanmaktadir. Sektorel dagilim oranlarinin siralamasinda gogunlukla tarim sektorii, ardindan;
sanayi ve hizmetler sektorli yer almaktadir. Buna gore Nigde ili igin tarim kenti olarak simiflandiriimasi
yapilmaktadir.

2025 yilli Nigde ili igin onerilen sektdrel dagilim incelendiginde tarim sektdriindeki yogunluk devam ederken
hizmetler sektorii ikinci ve sanayi sektoriiniin son sirada yer almasi 6ngoriilmektedir [5].

Kentlesme siirecini ifade ederken bugiin niifusun artmasinda g¢ekici rol iistlenen sanayilesmenin getirileri
disinda iiniversite gibi egitim kurumlarinin yararlari birgok yazar tarafindan tartisilmistir [6 ve 7]. Bu acgidan
Nigde'de de kentlesme siireci ve niifus yapis1 1992 yilinda kurulan {iniversite ile birlikte degisim siirecine
girmistir.

4.1. Mekansal-islevsel Analizler ve Sorunlar

Calisma kapsaminda yerel yonetimin kent biitiiniinde yapmig oldugu imar plani ¢aligmalarinda belirlenmis
siirlara gore kent dort bolgeye ayrilarak incelenmistir (Sekil 2).
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NIGDE KENTI BOLGESEL INCELEME

GOSTERIM

- 1.80L6E
- 2. BOLGE
- 2. B0LEE
l:l 4. BOLGE

0024 08 12 16
o —

Sekil 2. Nigde kenti bolgesel inceleme semast

Calismada kentin ¢evresel yapisi;

e  Yapilagmaya iligkin gevresel sorunlar

Cevresel acidan acik ve yesil alan kullanimu degisimi ve

o  Kentlesmeye bagli olusan gevresel sorunlar

yonleriyle incelenmistir.

YAPILASMAYA ILISKIN CGEVRESEL SORUNLAR

2. BOLGE

BOD4 08 12 16
o — — oo

Sekil 3. Yapilagmaya iliskin ¢evresel sorunlar

Sekil 3'e gore 1. Bolge kentin yeni yapilagma alaninda bulunan bina durumu iyi, betonarme ve deprem gibi
afet risklerine dayanikli yapilarin yer aldig: bélgedir. Cevresel niteligi imar ve sehircilik mevzuatina uygun ve
planli geligmis bir bolgedir. Yapilagsmada bazi arsalardan maksimum kat sayisi elde etme diisiincesiyle giines
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ve manzara kriterleri g6z ardi edilmistir. Bu bolge igin baki sorunu yapilasmanin en 6nemli gevresel sorununu
olusturmaktadir. Nigde kenti icin 1. Bolge disindaki diger bolgeler igin afet riski ilan edilen tarali bolge
digindaki bina durumu yakin gevresi ile degerlendirildiginde orta diizeyde oldugu tespit edilmistir. Bu
bolgelerdeki yapilar ¢evresi, agik ve yesil alanlari, hizmetler sektorii kapsaminda plansal bir biitiinlesmeye
sahip olmayan daha ¢ok arsa iizerinden parcacil nitelikli gelisen Ozelliktedir. Afet riski olarak ilan edilen
taralr bolgede yapilar kotii durumda yas Omriinii tamamlayan gevresel 6zellikleri ile kentin kimligini ve
yasanabilirligini olumsuz etkileyen niteliktedir.

GEVRESEL ACIDAN ACIK VE YESIL ALAN KULLANIMI

GOSTERIM

- YUKSEK YOGUNLUK
- ORTA YOGUNLUK
- DUSUK YOGUNLUK

00204 08 12 186
e — — Hlometers

Sekil 4. Cevresel acidan agik ve yesil alan kullanim degisimi

Sekil 4'e gore kentin bati kesiminden dogu bolgesine dogru gidildikce agik yesil alan miktar1 artmaktadir.
Bunun temel nedeni kentin dogu bolgesinin kiiltiirel yapisinin kirsal nitelikte olmasidir. Kentin bati bolgeleri
imar ve sehircilik agisindan nitelikli agik ve yesil alan dokusuna sahipken dogu bdlgesinin (3 ve 4. Bolge)
gelistirilmesi gerekmektedir.

KENTLESMEYE BAGLI OLUSAN CEVRESEL SORUNLAR

GOSTERIM

ATIKLARA BAGLI OLARAK
OLUSAN HAVA KIRLILIGI

KOMUR KULLAMIMINA BAGLI
OLUSAN HAVA KIRLILIGI

SANAYi VE KOMUR KULLANIMNDAN
OLUSAN HAVA KIRLILIGI

DERE YATAGINDAKI ATIKLARIN
' OLUSTURDUGU KIRLILIK

Sekil 5 Kentlesmeye bagh olusan ¢evresel sorunlar
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Sekil 5'e gore Nigde'de yer alan Akkaya Barajina dokiilen kanalizasyon ve diger sanayi bazl atiklar nedeniyle
olusan koku &zellikle kis aylarinda kentin 1. bélgesinde yogunlukla hissedilmektedir. Hava kirliligi 6zellikle
merkeze yakin bolgelerde kisin kdmiir kullanimi nedeniyle olusmaktadir. 3. bolgede yer alan kiigiik sanayi
alanlar1 arazi kullanim niteligi olarak Kale ve ¢evresi igin aykiri nitelik tasimaktadir. Genellikle diisiik gelirli
niifusun yogun olarak yasadigi bolgede soba kullanimi da yogunluktadir. Bu nedenle kisin kémiir kullanimina
iliskin hava kirliligi bulunmaktadir. Ayrica bolgede yer alan sanayiden olusan dere yatagna yonelik kirlilik
bulunmaktadir.

4.2. Mekansal-iglevsel Acidan Kentsel Doniigiim Miidahalesi

Kentin bolgesel olarak belirlenen sorunlarina iligskin kentsel doniigiim miidahaleleri gelistirilmistir (Sekil 6).

NIGDE KENTSEL DONUSUM MUDAHALELERI

GOSTERIM

I:l HKORUMA
l:l DOZENLEME

YENILEME

0e@s 08 12 48
I — ——icTO

Sekil 6 Nigde kentsel doniisim miidahaleleri

Sekil 6'e gore Nigde kenti igin korunacak, diizenlenecek ve yenilenecek alanlar tespit edilmistir. Korunacak
alanlarin yap1 ve cevresel kosullarinin mevcut haliyle korunmasi ve 6zellikle baki sartlariin yapilacak yeni
yapilagsmalarda iyilestirilmesi gerekmektedir.

Diizenlenecek alanlarda pargacil planlama yerine mahalle bazli ve niifus ihtiyacina yonelik gerekli hizmetler
sektoriiniin ve agik yesil alanlarm olugturularak biitiinciil bir kent planlamasi ihtiyaci bulunmaktadir. Cevresel
kirlilik sorunlarina yonelik kalitenin yiikseltilmesi amaciyla sanayi alanlar1 ve ¢evresinde 6zel proje alanlart
olusturulmalidir. Sanayi alanlari i¢in desantralizasyon Onerilmektedir.

Yenilecek nitelikte belirlenen alanlar kentin merkezinde ve kent kimligini belirleyen bir bolgedir. Bu nedenle
bu bélgenin kentin kiiltiir ve tarihsel dokusunu yansitan, mevcut afet riskinin dikkate alindigi, kent ii trafigin
ve komiir kullanimmin getirecegi olumsuz gevre sartlarinin uygun agik ve yesil alanlarla diizenlenecegi bir
vizyona sahip olmalidir.

5. SONUC

Kapadokya Bélgesi'nde onemli tarihi ve kiiltiirel degerleri barindiran Nigde kenti kentlesme ve gevresel yap1
yonilyle planlamaya dair stratejilerini gerceklestirememektedir. Bu durum g¢evresinde yer alan diger iller
icerisinde az gelismis bir konuma sahip olmasina ve niifus kaybetmesine neden olmaktadir.

Bu ¢aligma ile Nigde kentinde mevcut mekansal-islevsel yapi sorunlari gevre ve kent biitiiniinde ortaya
konulmustur. Bu sorunlara iligkin ¢dziim Onerileri gelistirilerek Nigde'nin basta kent ve ¢evresel yapisinda
blttincul planlama ilkeleri kurulmasinin siirdiiriilebilir bir biiyiime igin gerekli oldugu sonucuna varilmustir.
Ayrica kentsel doniisiimiin bu siiregteki onemi ve Nigde kent biitiiniinde yapilmasi gereken doniisim
mudahalelerinin turleri (koruma, diizenleme ve yenileme) ortaya konulmustur.
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Nigde kentinin cevresinde yer alan gelismis kentler arasindaki rekabet edebilirliginin artirilmast ve
yasanabilir kentler seviyesinde bir vizyona sahip olmasi i¢in siirdiiriilebilir kentsel doniisiim miidahalelerine
ihtiya¢ bulunmaktadir.
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Abstract

The selection of the university campuses locations in the appropriate areas in the city is very important
for the students and personnel in the service sector. It is also important that universities that offer some
high-tech and health services have access to a publicly. However, in terms of the students who reside in
the campus during the education period, the factors that affect working and sleeping arrangements
should be found to be at a minimum level due to the location of the campus.

The fact that the noise levels of the faculties and dormitories are kept away from certain disturbing
influences (such as engine, music and human voice) in the campuses is important for avoiding stress and
similar psychological effects. In this context, whether the campuses are regularly exposed to these effects
monitoring should be provided. Geographic Information Systems (GIS) is an important tool for
monitoring this process and for locating and visualizing this change on maps.

Within the scope of this study, analysis of noise level in Nigde Omer Halisdemir University campus in
Nigde province was carried out by GIS. In the study, it was aimed to organize the campus of the
developing university considering the noise factor in this process. According to the findings obtained,
proposals were made for planning noise reduction factors (traffic and open green area) in the campus.

Keywords: GIS, noise level analysis, spatial analyis, campus areas.

1. GIRIS

Ses, titresim yapan bir kaynagin, hava basincinda yaptigi dalgalanmalar ile olusan ve insanda isitme
duygusunu uyaran fiziksel bir olaydir. Giiriiltii ise, gelisiglizel bir yapisi olan, subjektif olarak istenmeyen ses
olarak tanimlanan ses spektrumudur [urll]. Son yillarda niifus artis1 ile birlikte kentlesme ve teknolojik
gelismelerin birbirine paralel olarak artmasinin énemli sonuglarindan biri olan giiriiltii ayn1 zamanda 6nemli
bir gevre, yasam ve saglik sorunudur. Giiriiltii insanlarm igitme sagligini ve algilamasini olumsuz yonde
etkileyen, fizyolojik ve psikolojik dengelerini bozabilen, i¢ performansini azaltan, ¢evrenin hoslugunu ve
sakinligini yok ederek niteligini degistiren bir tiir kirliliktir [1]. Ozellikle kiitiiphane ve egitim kurumlarinda
giriiltii diizeyinin diisiik olmasi istenmektedir. Egitim kurumlarinda 6grenmenin ve §gretmenin temel amag
oldugu diisiiniiliirse, bu amacin gergeklestirilmesinde hem kurum igi fiziki ortam sartlarinin ve hem de egitim
kurumlarindaki dersliklere etki eden dis ortam kosullarinin bu amaclar gercevesinde en optimal degerler
arasinda olmasi gerekmektedir. Egitim yapilarinda giiriiltiiniin kontrol altina almabilmesi i¢in 6ncelikle
mevcut gurilti diizeylerinin belirlenmesi gerekmektedir. Giiriiltii diizeyinin belirlenmesinde yapinin konumu
da énem tasimaktadir. Ozelikle, kampiis iginde yer alan yapilarm giiriiltii kontroliinde dis mekanlar egitim
stirecinin bir pargasi oldugu i¢in, dis mekanlarda da giiriiltii diizeylerinin belirlenmesi gerekmektedir. Dig
mekanlarda elde edilen gurilti diizeyleri yeni yapilacak yapilarin konumlanmasi agisindan da veri teskil
etmektedir. Di1g mekanlarda yapilan Sl¢limlerde hem alan iginde olusan giiriiltiiler hem de alana siir olan
yolardan gelen giiriiltiiler dikkate alinmalidir.
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Ozdamar ve Baltac1 [2], Ege Universitesi Yerleskesi’nin giiriiltii profilini ¢ikarmislar ve yapilan calismada
yerleske icinde alman Olgiim sonuglarmm Cevresel Gliriiltiiniin - Degerlendirilmesi ve Yonetimi
Yonetmeliginde belirtilen degerleri agtigini tespit etmislerdir. Kumbur vd. [3], Mersin Universitesi Ciftlikkdy
yerleskesinde 38 noktada esdeger giiriiltii seviyesini ifade eden (Leq) dlgiimleri yapmuslardir. CBS (Cografi
Bilgi Sistemi) ile Mersin Universitesi Ciftlikkdy yerleskesi giiriiltii kirliligi haritasin1 olusturmuslar ve
sonuglart degerlendirmislerdir. Morova vd., [4] yaptiklar1 ¢alismada yerleske igerisinde daha Onceden
koordinatlar1 belirlenen 96 noktada maksimum (Lmax), minimum (Lmin) ve esdeger giiriiltii seviyelerini
(Leq), 6lgerek ArcGIS 9.0 yaziliminda IDW interpolasyon yontemi kullanilarak her bir giiriiltii seviyesi igin
gurilti haritalari olusturulmus ve yapilan bu haritalar Quickbird uydu goriintiisii ile ortiistiiriilerek Siileyman
Demirel Universitesinin giiriiltiiden etkilenen alanlar1 belirlenmistir.

Bu c¢alismada, Nigde Omer Halisdemir Universitesi Merkez Kampiisiinde dis ortamlarda giiriiltii diizeyi
6lgtimleri gergeklestirilmis ve bu degerler Cografi Bilgi Sistemleri kullanilarak haritalandirilmistir ve lgiilen
degerler standart degerlerle karsilagtirilarak olumsuz durumlar belirlenmistir.

2. GURULTU OLCUMLERI

Gurultu dizeyi dB (desibel) olarak ifade edilir. Desibel, ger¢ek anlamda bir birim olmayip, bir oranmn
logaritmasidir. dB(A), belli durumlar i¢in insan kulagi duyarligi ile dengelenmis bir 6lgme bigiminin
kullanildigin1 gésteren simgedir. insanin dayanabilecegi ses siddeti 0-120 dB arasindadir. Ses siddetinin 120
dB’in iistiinde olmas: insan kulaginda fiziksel zarar meydana getirebilir. Act verebilir ve isitme kaybina
neden olabilir. Genelde, 85 dB’in tistii giiriiltii diizeylerinde zamanla meydana gelen isitme rahatsizliklarinin
olugmaktadir. Ses diizeyleri etkilerine gore zayif (35-65 dB), kuvvetli (65-90 dB) ve ¢ok kuvvetli (90-120 dB)
seklinde belirlenmistir [5].

CBS, yeryiiziinde mevcut olan ve sonradan olugan her tiirlii verileri haritalamaya ve analiz yapmaya yardimci
olan bilgisayar tabanli bir sistemdir. CBS teknolojisi sorgulama, gérunttleme, istatistik analiz ve haritalarda
gosterilen cografi analiz gibi ortak veri tabani islemlerini birlestirir. Biitiin bu 6zellikler CBS’i diger bilgi
sistemlerinden ayirir ve strateji planlamada, sonuglar1 tahmin etmede, olaylari agiklamada genel ve &zel
islemlere cevap vermesi ile dnemli hale getirir [6]. Son yillarda gelisen teknolojilere paralel olarak CBS’nin
kullanimi yayginlasarak girilti konusunda da bu yontemden faydanilmigtir [4].

3. MATERYAL VE METOD

3 Temmuz 1992°de kurulan Nigde Omer Halisdemir Universitesi, 10 fakiilte, 3 enstitii, konservatuvar, ii¢
yiiksekokul, alti meslek yiiksekokulu, Rektorliige bagl dort bolim baskanligi, 10 arastirma ve uygulama
merkezi bulunmaktadir.

Nigde Omer Halisdemir Universitesi Merkez yerleskesi Nigde-Bor karayolu {izerinde Nigde sehir merkezine
6 km mesafede olup, iiniversite binalarimin biiyiik bir kismi bu yerleske icerisinde yer almaktadir. Nigde
Omer Halisdemir Universitesi Merkez Yerleskesi yerleskesi 1.820.587,54 m? lik arazi (izerinde
bulunmaktadir. Nigde Omer Halisdemir Universitesi’nde 6grenim géren &grenci sayisi yaklagik 24000,
akademik personel sayisi ise 847°dir; bunun 392’si 6gretim iiyesidir. idari personel ise 529 kisidir [7].

Bu calismada Nigde Omer Halisdemir Universitesi Merkez yerleskesi icerisinde belirlenen 24 6lgiim
noktasinda sabah, 6glen ve aksam olmak iizere guriltl 6lglimleri (dBA) yapilarak elde edilen sonuglar
Cografi Bilgi Sistemleri ile degerlendirilip yerleskeye ait haritalar hazirlanmigtir. Merkez yerleskesine ait
genel goriiniim haritas1 Sekil 1°de giiriiltii 6l¢iim noktalarinin gosterildigi harita Sekil 2’de verilmistir.
Belirlenen 6lcim noktalarinda sabah, 6gle ve aksam olmak iizere 3 farkli zaman diliminde Olgtimler
yapilmistir. Yapilan ol¢iimler neticesinde her bir koordinat alinan noktanin yer aldigi giizergah ve etki
alanindaki guriltu ol¢tim degerinin degisimini 6lgmek amagli Kriging yontemiyle glrultd yogunluk analizi
yapilmistir. Kriging yontemi, koordinatlar1 bilinen noktalardan alinan verileri kullanarak diger noktalarda
6l¢ctim degeri bilinmeyen verilerin optimum degerlerini tahmin eden bir enterpolasyon yontemidir. Kriging
enterpolasyon, yarivariogram yapisal Ozellikleri kullanilarak Grneklenmemis noktalardaki  konumsal
degisikliklerin yansiz tahminin optimal sekilde yapildig: bir tekniktir. Kriging yontemini diger enterpolasyon
yontemlerinden ayiran en onemli 6zellik, tahmin edilen her bir nokta veya alan i¢in bir varyans degerinin
hesaplanabilmesidir ki bu tahmin edilen degerin giiven derecesinin bir dl¢iisiidiir [8].

Guriltd dlgtimler giiriiltii seviyesi 6lglilecek yolun, kavsagin veya noktanin kargisinda bulunan kaldirimlarin
yola bakan kenarinda yerden 1,5 m yiikseklikte yapilmigtir. Giiriiltii dlgimleri sirasinda, cihazin 6lgiimleri
etkileyecek olglide herhangi bir giiriiltii ¢ikarilmamasimna 6zen gosterilmistir. Her 6l¢limden 6nce cihaz
kalibrasyonu yapilmugtir. Olgiim yapilan noktalarin koordinatlar1 Magellan marka eXplorist 610 model GPS’i
ile tespit edilerek bilgisayar ortamina aktarilmistir.
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NIGDE OMER. HALiSDEMiR UNiVERSITESi
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Sekil 1. Nigde Omer Halisdemir Universitesi Kampiis Alan1 genel goriiniimii
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Sekil 2. Giiriilti 6l¢timii yapilan noktalar

4. BULGULAR VE TARTISMA

Yapilan bu calismada Nigde Omer Halisdemir Universitesi Merkez Yerleskesi’nde sabah 08:00-09:00, 63le
12:00-13:00 ve aksam 17:00-18:00 saatleri arasinda 3 farkli zaman diliminde belirlenen 24 noktada giriltu
olgtimleri gerceklestirilmistir. Olgiim noktalar1 6zellikle 8grencilerin ve trafigin yogun olacag diisiiniilen
noktalardan segilmistir. Glriiltii 6l¢limii yapilan noktalarda GPS ile elde edilen koordinatlarin yerel diizeyde
koordinat sistemi olan imar planina aktarilabilmesi i¢in koordinatlarm ITRF96 kiiresel konumlama
sisteminden EDS0 yerel diizeyde konumlama sistemine doniistiiriilmesi saglanmistir. Doniisen koordinatlar
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Cografi Bilgi Sistemi yazilimlarindan biri olan MapInfo ArcGIS 10.2 yardimiyla imar plani iizerine
aktarilmig ve 6lgiim yapilan her bir noktaya ait guriltl 6l¢tim degerlerinin programa veri girisi saglanmustir.
Kriging yontemiyle glrulti yogunluk analizi yapilmustir. Sekil 3-5’de sirasiyla sabah, 6gle ve aksam
saatlerinde yapilan olgiimlerin yogunluk haritalart verilmistir. Merkez Yerleske igerisinde belirlenen
noktalarda yapilan 6lgiimler neticesinde giiriiltii seviyeleri yaklasik 49 dBA ile 68 dBA arasinda 6l¢iilmiistiir.
Buna gore 3 farkli zaman diliminde yapilan dl¢iimler karsilastirildiginda 6glen saatlerinde yapilan 6lgtimlerde
iniversite merkez yerleskesine giris yapilan ana kapida (65-67 dBA) yurtlarin bulundugu bélgelerde (61-63
dBA) ozellikle ara¢ glizergahlarinda giiriiltii yogunlugunun fazla oldugu goriilmektedir. Sabah ve aksam
saatlerinde yapilan Olciimler neticesinde hazirlanan haritada ise giiriiltii yogunlugunun yine ayni sekilde
iniversiteye araglarin giris yaptigi ana kapi (54 dBA) ve yurtlarin bulundugu bélgelerin (52-53 dBA) diger
binalara gore nispeten daha giiriiltiili oldugu sonucuna varilmigtir. Elde edilen giiriiltii verileri 1518inda
Merkez yerleskesinde olusan giiriiltii kaynaginin bityiik oranda trafik kaynakli oldugu belirlenmistir.

NIGDE OMER HALISDEMIR UNIVERSITESI
GURULTU OLGUMLERI-SABAH

GOSTERIM

I 49.50897369 - 5072911072
50,72911073 - 51,54924774
5154924775 - 52,36038477
52,36938478 - 5318952179
53,1895218 - 54,00965881
54,00965882 - 54 82979584

I 5482979585 - 55,64003286
55 64903287 - 56,47006089
58,4700699 - 57,29020681

N

A

MITHS 550 825 1.100
- — —

Sekil 3. Sabah yapilan 6l¢iim sonucuna gore olusturulan giiriiltii yogunluk haritast

NIGDE OMER HALISDEMIR UNIVERSITESI
GURULTU OLGUMLERI-OGLEN

GOSTERIM

I & 77628708 - 50,88558875
50,88558876 - 52,99489042
5208489043 - 551041621
55,104158211 - 57,21348377
57,21349378 - 50,32279544

5832279545 - 61,43208712
I 6143209713 - 63,54138879

635413088 - 6565070046

6565070047 - 67,76000214

N

A

012Q40 480 720 880
- —— s

Sekil 4. Oglen yapilan 6lgiim sonucuna gore olusturulan giiriiltii yogunluk haritas:
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NIGDE OMER HALISDEMIR UNIVERSITESI
GURULTU OLGUMLERI-AKSAM

GOSTERIM
- 54 82500076 - 5580890169
558089010 - 5679280302
56.79280303 - 5777670415
5777670416 - 58, 76060528
58,76060529 - 59, 74450641
59.74450842 - 6072640754
| 60.72640755 - 61,71230867
61,71230868 - 62 6962098

6269620981 - 6368011093

Sekil 5. Aksam yapilan 6l¢iim sonucuna gore olusturulan giiriiltii yogunluk haritasi

3. SONUC

Bu calismada, Nigde Omer Halisdemir Universitesi Merkez Yerleskesinde dis ortamlarda giiriiltii diizeyi
6lgtimleri gergeklestirilmis ve bu degerler CBS kullanilarak haritalandirilmistir. Yapilan dl¢iimler neticesinde
ortalama giiriiltii 6l¢tim degeri 55 dBA, en yiiksek giiriiltii 6l¢tim degeri ise 68 dBA olarak belirlenmistir. en
yiiksek dl¢iim Nigde-Bor karayolu iizerinde bulunan {iniversite ana kapisinin oldugu bélgede tespit edilmistir.
En disiik giriiltii 6lgtimii ise anayola, yurtlara ve egitim 6gretimin gerceklestirildigi binalara uzak bdlgelerde
tespit edilmistir. Yerleske alani igerisinde giiriiltiiniin ana kaynaginin trafik oldugu belirlenmistir. Ikinci
olarak giiriiltiiniin yogun oldugu boélgeler kampiis otobiislerinin kalkis noktasi olan yurtlar bolgesinde oldugu
tespit edilmistir. Meydana gelen bu giiriiltillerin 6nlenebilmesi i¢in yol kenarlarlarma ses bariyerlerinin
konulmasi, agaclandirma yapilmasi, ses yalitimina karsi binalardaki eksikliklerin giderilmesi, trafik uyar1
levhalari ile siiriiciilerin uyarilmasi, yol kaplamasinin daha az giiriiltiiye neden olan kaplama ile degistirilmesi
onerilebilir. Ozellikle ders saatlerinde yerleske igerisindeki arac trafiginin yeniden diizenlenmesi, yerleske
icerinde yapilacak bakim ve onarim faaliyetlerinin uygun zaman dilimlerinde yapilmasi saglanarak
olusabilecek guriltiiniin egitim goriilen binalara girisi onlenebilir.

Yapilan calisma sonucunda belirli noktalardaki giiriiltii diizeyleri, bazi tedbirlerin alinmasmin gerekli
oldugunu ortaya koymaktadir. Giiriiltii denetiminde alinacak tedbirlerin basinda 6zellikle yerleskedeki yeni
yapilan binalarin insaatinda TSE standartlarma uygun gerekli izolasyonlarin yapilmasi saglanmali ve ayni
6zen kullanilan cihazlardan kaynaklanan giiriiltiiniin giderimi i¢in yapilacak ¢alismalarda da gosterilmelidir.
Cevresel Giiriiltiiniin Degerlendirilmesi Ve Yonetimi Yonetmeligi’ne gore “konut, yatakli hizmet veren
saglik kurumlari, egitim kurumlari, gocuk ve yasli bakim evleri, canli miizik izni almis olan oteller hari¢ diger
oteller, agik arazideki ve yerlesim alani i¢indeki sessiz alanlar gibi kullanimlar” ¢ok hassas kullanimlar olarak
belirtilmektedir. Ayrica giiriiltiiye hassas alanlarin ¢evrelerine uygun bitki deseninin se¢imi ve ses yalitimini
saglayan perdelerin olusturulmasi ile bu bélgelerdeki giiriiltii diizeyleri en aza indirgenebilir.
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Abstract

The idea of remote contactless detection of an object is a matter that has been very interesting for human
beings. Because of this reason radar have been invented and have found many application areas for about
eighty years. The studies aiming at the use of radars in the indoor environment have recently become
popular. In these studies, it has been argued that radar can be used for contactless vital signs detection
and new fields of study have emerged. Radar used for vital signs detection is called bio-radar. This paper
presents information on the development and current status of bio-radar applications. In addition, bio-
radar structures and basic signal processing methods are demonstrated.

Keywords: Vital signs, bio-radar, respiration, heartbeat, noncontact measurements.

1. INTRODUCTION

The discovery of the existence of electromagnetic waves and the transfer of information wirelessly; reveals the
idea of remote sensing the existence of an object. For this purpose, electromagnetic sensors called radar (radio
detection and ranging) have emerged. Radar produced by German engineer Hilsmeyer in 1903 for ship
detection; military intentions were intensively used in the Second World War, and in the 1970s, commercial
applications were begun to be developed and used [1]. Radars have taken place in many different areas. Various
types of radar are used to detect abnormal conditions of structures, non-destructive testing and detection of sub-
surface objects, for example, collision detection and awareness, in the automotive sector, detection and imaging
in medicine. Also radar have found the application area in many indoor environments such as home security,
through wall detection, life support for the elderly and detection of vital signs [2].

Radar, which enables vital signs to be obtained by non-invasive, is called bio-radar [3]. The idea of non-contact
vital signs detection first appeared in the 1970s [4]. However, the technology was not sufficiently developed at
that time and high costs prevented the acceleration of radar study in medicine. The use of surface-mount devices
(SMD) in the last two decades and the improvements of production technology have allowed the development
of inexpensive and compact radar systems based on continuous wave radar (CW), ultra wideband radar (UWB),
frequency modulated continuous wave radar (FMCW) and step frequency continuous wave radar (SFCW)
techniques. Thus, the studies have gained speed in the field of medicine.

The vital signs that are obtained wirelessly cause the disappearance of the many problems in daily life especially
in medicine. Obtaining signals that don’t require the patient to be kept under surveillance with the probes
attached to the body provide the patient comfort and facilitating the work of specialists. Especially, vital signs
monitoring in burn and newborn cases make the current situation even more difficult by contacting probes with
the patient. This situation both limits the movement of the patients and causes various injuries.

The paper is organized as follows Section 2 shows the studies about bio-radars. The bio-radar structures used
in Section 3 are described. Finally, conclusion of this study is presented Section 4.

* Corresponding author. Tel.: +90 332-223-2034
E-mail address: iseflek@selcuk.edu.tr (I Seflek).
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2. RELATED WORKS

A microwave technique was introduced to measure respiratory movements of humans and animals in the study,
which is regarded as the basis for the noncontact vital signs detection [4]. However, the lack of technology in
the period of studying has reduced the intensity of these studies in a certain duration. With the emergence of
Complementary Metal Oxide Semiconductor (CMOS) technology, the subject has become popular again. The
cheap and high precision radar system invented and developed at LLNL (Lawrence Livermore National
Laboratories) is presented. Thanks to the radar system that produces short pulses, radar has found many new
uses in the field. Researchers have developed a compact, low-power and cost-effective radar which has named
the micropower impulse radar (MIR) and patented it [5-6]. Figure 1 shows the generated radar.

Fig. 1. MIR Radar [5]

Since the beginning of the year 2000, bio-radar studies have gained speed by considering different scenarios.
A radar system has been introduced that can be used to detect people who have been hidden behind earthquake
demolitions or various obstacles. This system operates at 1150 MHz or 450 MHz. It can detect the breathing
and heartbeat signals of human subjects from an earthquake rupture or an obstacle of about 10 ft. thick. The
clutter generated by the reflected wave from the fixed background can be removed completely. Thus breath and
heartbeat signals, by the waves reflected from the human body, are detected. The system has been simulated
and tested in realistic earthquake demolitions [7]. In another work using CMOS technology, a microwave
Doppler-radar operating at 1.6 and 2.4 GHz is designed. The ability to detect heartbeat and breathing-related
motion from a distance of 50 cm has proven to be useful in monitoring sleep apnea for infants and adults. Also
using a quadrature (1Q) receiver, the measurements showing the performance advantages of the 1Q receiver are
presented [8]. In another study, quantitative measurement of body volume change due to respiration was
performed. The experiments were conducted on seventeen healthy volunteers using a continuous wave
microwave sensor. A PLL (Phase Locked Loop) synthesizer with a carrier frequency of 2.42 GHz was used as
the transmitter. This operating frequency is on the ISM (Industrial Scientific Medical) band and does not require
a specific license. A receiver based on a heterodyne architecture detects the in-phase (I) and quadrature-phase
(Q) components of the back-scattered signal. A convenient data processing system has been developed which
can reject most breath measurements taken on inappropriate conditions [9].

With the emergence of System on Chip (SoC) technology, this innovation is also reflected in radar designs.
Ultra-wideband (UWB) SoC radar sensor for monitoring respiratory rate has been implemented with 90 nm
CMOS technology and the performance of the operation is demonstrated by tests. The radar sensor is used for
non-contact detection of adult and infant respiratory activity. The results of the tests showed that the UWB
radar sensor detected subcentimeter chest movements and detected the respiratory rate of the person under test.
This allows contactless monitoring of the vital signs of patients and of the individuals under observation [10].
A study was carried out in the laboratory to detect vital signs by SFCW radar technique through cardio-
respiratory signals of a human among the obstacles. Experiments have been organized by various detection
scenarios by collecting data from humans. Experiments have investigated the effect of varying thicknesses of
obstacles, human subjects’ posture, respiration status, position of the radar antenna relative to the human chest,
as well as the length of the measurement time. The experimental results have shown that respiration can be
detected with very high accuracy as a primary vital sign. It has shown that radars should be developed in order
to be used in search and rescue operations in disasters such as earthquakes. It has been stated that the minimum
recording time for the respiratory signal may be 5 seconds, while the 30 second breath is sufficient to capture
the respiratory signal with a high signal / noise ratio [11].

In recent years, radar has been used in experiments to determine the respiratory activities of laboratory animals
in order to support pharmacological studies. Prior to the use of radar, respiratory activities have been carried
out with expensive and cumbersome procedures that require the application of sensors in the animal’s body. A
feasibility study was conducted by Anishchenko et al. on the possible use of bioradar devices for contactless
monitoring of respiratory rhythm of live rodents. The experiments were performed in laboratory conditions on
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sleeping mice using a continuous wave Doppler radar operating at 13.8-14.2 GHz. The recorded signals are
processed by a data processing strategy based on a new motion-dependent artifact filtering procedure. The main
purpose is to characterize the respiratory pattern during sleep phases. The results showed that bio-radar
measurements were consistent with standard monitoring methods [12]. Deciding on the presence of obstructive
sleep apnea (OSA) and early warning of danger is very important in the diagnosis of sleep disturbances. A new
method based on the wavelet information entropy spectrum has been proposed to determine the presence of
apnea in the OSA respiratory signal sensed by the bio-radar in the wavelet domain. During apnea, weak air
flow and strong irregularity due to brain stimulation and respiratory signal disturbance are observed. It has been
tried to be shown that this disease can be detected by means of vital signs obtained from the bio-radar. The
experimental results have shown that the proposed method is effective for detecting the sleep apnea and at the
same time identifies some apnea cases that the energy spectrum cannot. It has reported that the accuracy of the
study was reached to 93,1% and the contactless identification of OSA can be realized by radar [13].

In some studies, more than one radar was built on a single structure. Instead of using separate platforms for
each type of radar, a Multi-Mode Radar (MMR) with a reconfigurable center frequency that includes both CW
and SFCW Doppler radar functions is one of these studies. The MMR s controlled by a microcontroller and
can be used indoors to detect long-range vital signs from multiple subject. The radar has been implemented and
used experimentally to monitor heart rate both short and long-range. The frequencies of the signals are
determined by Fast Fourier Transform (FFT). Long distance measurements were performed in the CW mode,
where the sensitivity was higher than in the SFCW mode, reaching more than 97% accuracy [14]. In a study
based on wavelet transformation, an algorithm based on the wavelet entropy method is presented for the
detection of multiple targets since there are significant frequency differences between the human echo signal
and the noise in the shadowed region. The study was carried out with UWB radar. The findings show that the
value of the entropy is much lower than the noise. Compared with adaptive filtering and energy spectrum
methods, wavelet entropy gives better results in human detection [15]. A SoC RF impulse-based radar system
is introduced for applications involving the monitoring of vital signs. The transmitter complies with the
standards of regulatory agencies such as the Federal Communications Commission (FCC), the European
Telecommunications Standards Institute (ETSI), and the Korea Communications Commission (KCC) with
bandwidths of -10 dB at 1.4 and 1.5 GHz centered at 7.29 and 8.748 GHz. The receiver samples the reflected
signal at 23.328 GS / s, covering a range of 9.9 m. The measured front end noise value is 6.3 dB with a gain of
-14.7 dB at 7.29 GHz. Respiration and heart rate induced breast movements from a human subject are
determined at 9 and 5 m, respectively. All necessary power management and clock functions are integrated on
the chip. SoC is applied to 55 nm CMOS. In active mode, the system consumes 118 mW of power from a 1.8
V power supply [16].

Studies have also been carried out on the realization of electromagnetic models for heart rate and respiration
rate detection. Nahar et al. developed an electromagnetic model that has been experimentally confirmed with
non-contact measurements using an ultra-wideband radar. The model was proved to be true for both heart rate
and respiratory rate detection within 5% error compared to conventional sensor (contact) measurements. This
model can be used to explore various human activities and motion scenarios and to develop more advanced
radar system with signal processing techniques [17].

3. MATERIAL AND METHODS

The remote obtainment of vital signs as non-contact has led to the emergence of bio-radar in different structures.
Continuous wave (CW) Doppler radar is used extensively for this purpose. Figure 2 shows the block diagram
of a CW radar.

CW source Splitter TX antenna
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W/’%_ RX antenna
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Fig. 2. CW radar block diagram [18]
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In CW Doppler radar operation, the transmitter (Tx) produces a signal without modulation. A large part of the
generated signal is radiated by means of the transmitting antenna while a small part is sent to the receiver (Rx)
circuit via the power divider for use. The signal emitted by the Tx antenna can be expressed as in Equation (1).

X (t) = A, cos(27 ft + ¢(t)) 1

where At, f and ¢ represent the amplitude, frequency and phase of the signal, respectively. The emitted
electromagnetic signal is reflected from the target surface and returns to the receiver. The receiving signal
contains periodic physiological motion information (respiration and heartbeat). d(t) = do + x(t) indicates the
distance between the target and the radar (where the nominal distance do is the periodic displacement of x(t)).
In this case, the signal obtained by Rx is expressed as in Equation (2)

B 4o Anm(t) | 2d(D)
Xg(t) = Agc0s(27ft PR + ot — )) (2

In Equation (2), Ar and A are the amplitude and the wavelength of the signal received by RXx, respectively; c is
the speed of light. The signal sent from the transmitter to the receiver is used to generate two reference signals,
one with the same phase and the other with 90 degrees of phase shift. The purpose of this process is to convert
the reflected signal to the baseband. When the received signal is down converted by the mixers, two baseband
signals are obtained. One is the in-phase I(t) signal and the other is the quadrature Q(t) signal. The circuit
structure that allows the output of 90° phase-different I(t) and Q(t) signals is known as I/Q demodulator. The
purpose of this demodulator is to achieve the optimum demodulation accuracy and to ensure that the baseband
output is proportional to the chest displacement. After the 1/Q demodulation, mixer outputs are expressed as in
Equations (3) and (4).

4rdo Anx(t)

I(t);cos(7+ 7 +or (1) (3)
o =sin(2+ 2201 4, 1) @

where ¢ (t) = p((t) — (t —w)) is a residual phase noise. Through Equations (3) and (4), when I(t) is at an
c

optimal detection point, Q(t) is at the null detection point or vice versa. Under these conditions, there is always
a channel that provides the best sensitivity, that is reflected from the body surface and contains periodic
movements. For this reason, 1/Q channel selection has been proposed as a way to improve detection accuracy.
Robust and automatic detection schemes are designed that do not need to select between the I and Q channels,
but use both signals at the same time (complex linear demodulation, non-linear arc-tangent demodulation etc.).
Among these methods, arctangent demodulation method is used extensively. The arctangent demodulation is
based on the arctangent of Q(t) and I(t). It is expressed as in Equation (5).

o(t) = tanl(?((tt))) = 47/z1d0 + 47[2(0

+@R() (5)

The phase @(t) is directly proportional to the signal x(t), after the phase discontinuities associated with the
crossing between adjacent quadrants are eliminated. The resulting signal is digitized by means of an analogue
digital converter so as to be suitable for signal processing [12].

The UWB radars that are commercial off- the shelf, are based on CMOS technology. By using this technology,
impulse radars (IR) have been realized. The UWB radar is produced by combining the blocks shown in Figure
3 on asingle chip.
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Fig. 3. UWB radar block diagram [19]
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Impulse radars transmit a narrow pulse at a time with a wide bandwidth. In some implementations of these
radars, while the transmitter consists of a CW source modulated by a Gaussian impulse, the receiver comprises
a square detector that is cascaded by an integrator and a voltage comparator. The short-term propagating
waveform reduces Tx-Rx insulation requirement. However, wide bandwidth typically results in non-practical
Rx architectures in narrowband systems. A suggested solution to this is the Rx correlation where the received
signal is multiplied by a sample and then integrated. This allows the actual signal to be sampled at a lower rate
than the bandwidth. But a more complex sub-process and control logic is required to detect / track objects of
interest within range [19].

Another approach is to directly sample the RF signal, preserving all the information carried in the digital domain
signal. This allows the detection of human vital signs by applying FFTs to slow time samples for the range
bins. The required high sampling rate leads to high power consumption and circuit complexity. To alleviate
these problems, a receiver based on an equivalent time sample, which is performed with a continuous time
binary value (CTBV) quantizer following a sweep threshold sampler, has been developed. The block diagram
of the circuit is shown in Figure 4. The receiver output is a sampled version of the received pulse with an
equivalent sampling rate higher than 20 GHz [20].
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Fig. 4. Block diagram of UWB impulse radar with CTBV [20]

Although the types of radar are different, the processing of acquired signals and the extraction of vital signs are
similar. Generally, the signal processing block diagram used in determining vital signals is shown in Figure 5.

Arctangent
Demodulation

Band-pass DC Offset FFT/Peak Vital Signs

Raw Data — Filtering [®] Removal [®| Detection [| Detection

Fig. 5. Signal processing block diagram for vital signs detection

The arctangent demodulation is applied to the raw data, followed by a high order band-pass filter. The reason
for the application of the filter is to eliminate the high frequency (according to useful signals) noise and very
low frequency fluctuations from the respiration signal of 0.2-0.5 Hz and the heartbeat signal of 1-2 Hz. The
presence of DC offsets due to receiver defects and clutter can affect the resolution negatively, as it may be
greater than the desired AC motion-related signal. For this reason, the DC components of the signals are
removed [21]. In some studies, autocorrelation is applied to each signal to strengthen the periodicity. Fast
Fourier transform, discrete Fourier transform (DFT) and discrete wavelet transform in recent studies are used
to transform each signal from the time domain to the frequency domain. A Peak Detection algorithm is applied
to determine vital signs. Finally, the number of pulses per minute of vital signs is calculated. The results of
non-contact measurements are compared with reference signals (with current standards) to demonstrate the
success of the measurement results.

4. CONCLUSION

In this study, it was tried to show how bio-radars evolved from the emergence process until today. It has been
stated that the application areas of these radars are regarded as solutions of some problems encountered in daily
life. Information on the working principles of existing radars has been given and it is presented how signal
processing stages are generally implemented.

With the development of technology, the use of radar in medicine is increasing and it is seen that both the costs
and dimensions are decreasing. In the future, the accuracy and precision of bio-radars will be improved more
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and it is considered that they can replace existing contact measurement standards. It is also anticipated that the
comfort of patients and the work of specialists will be facilitated.
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Abstract

In this study, the dissolution kinetic of blended slag was investigated in presence of hydrogen peroxide
and acetic acid using ultrasound probe. The optimized processing conditions have been determined,
under which the almost all copper ions completely dissolved while iron passing was limited. Kinetic
analysis indicates that the copper leaching ratio is controlled by diffusion controlled through the product
layer.

Keywords: Hydrometallurgy, Copper Slag, Hydrogen Peroxide, Acetic Acid.

1. INTRODUCTION

The vast majority method of copper extraction from copper minerals is pyro-metallurgy. These processes
generate slags, which generally contain some significant metals. Copper slags are produced in thousands of
tons per year. Components of slag eventually contaminate the environment. Besides significant amount of
copper, zinc, and other valuable metals can be obtained from copper slag. This fact stimulates the researches
worldwide to development of methods for the recovery of above mentioned metals from metallurgical wastes
such as copper smelter slag. There is some hydrometallurgical methods for the slag processing because of
having some advantages. Researches have been focused on atmospheric leaching, using lixiviants such as
acids, bases, and salts; and on high pressure oxidative acid leaching [1]. Leaching is another method for
extraction of metals from copper slags. The leachants applied in slag leaching include sulphuric acid,
chlorine, ferric chloride, ammonia, nitric acid, and hydrogen peroxide [2]. As an oxidant, hydrogen peroxide
is a good oxidizing agent for leaching studies because its oxidation potential is adequate for oxidizing almost
all the metal sulfide minerals [3]. Hydrogen peroxide is an unstable compound, whose decomposition can be
catalyzed by certain factors such as the presence of an acid, base, mineral surface or soluble ions. To avoid
rapid decomposition of hydrogen peroxide, some stabilizers have been used such as glycol, phosphoric acid,
oxalic acid, citric acid, and acetic acid in the leach solution.

Ultrasound has increasingly been used to enhance chemical process rate. Unlike other new technologies that
ultrasound requires only the presence of a liquid to transmit its energy. In heterogeneous solid-liquid systems,
the collapse of the cavitation bubble near a surface produces an unsymmetrical in-rush of fluid to fill the void
with the result that a liquid jet is formed, targeted at the surface. This effect increases mass and heat transfer
to the surface by disruption of the interfacial boundary layers. Interparticle collisions can lead to erosion,
cleaning of the solid surfaces, degassing, wetting of the particles and particle size reduction. The appearance
of micro currents due to ultrasonic irradiation on the solid-liquid interfaces in the suspension causes a
considerable decrease in the diffusion layer thick-ness, even compared to that which exists when the
suspension is stirred vigorously. Cavitation effects lead to the appearance of many micro fissures on the solid
surface subjected to ultrasound. Because the diffusion speed increases, the solutions go to the bottom of the
capillaries and accelerates the leaching [4].

* Corresponding author. Tel.: +90 424-237-0000/6379.
E-mail address: mdturan@firat.edu.tr (M. D. Turan).
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The aim of the present study is to investigate the effects of the parameters such as temperature and time on
the recovery of copper from blended slag. Additionally, some kinetic evaluations based on copper extraction
were also made for the leaching process. As experimental procedures, metals dissolution was investigated in
presence of acetic acid and hydrogen peroxide by using ultrasound probe.

2. MATERIAL AND METHODS

The blended slag sample used in this study was obtained from Karadeniz Copper Plant, Samsun-Turkey. The
blended slag used in these experiments is from converter and flash furnace slag. The slag sample was crushed
in a jaw crusher and ground in a ball mill and then sieved. The fraction of =74 mm (200 mesh) was used in all
experiments. These experiments were performed under atmospheric conditions by using an ultrasonic
generator and stainless steel prop. Chemical analyses of blended slag were carried out by AAS in clear
supernatant that was obtained by the digestion process. Results of the chemical analyses are shown in Table I.

Table 1. Chemical compounds of blended slag.

Composition Fe,03 Al,03 SiO; SO3 K;0 CaO TiO, CuO Zn0O

wt% 51 35 32 2.4 05 0.7 0.1 3.8 3.2

3. RESULTS AND DISCUSSION

The effect of temperature on the extraction of copper from blended slag is shown in Fig 1. As seen in figure,
metal extraction yields increase with increasing leaching temperature. The copper could be completely
extracted from slag at 65 °C. Due to blended slag contains sulfide phases having various stages of oxidation,
oxidative leaching is necessary for dissolution. Oxygen formed during the decomposition of hydrogen
peroxide can be useful for oxidative leaching. As shown in Fig. 2, copper dissolution was increased with an
increase in hydrogen peroxide concentration. Besides, the amount of iron passing through the solution does
not exceed 4% during all experiments. This situation, indicating that a selective leaching process has been
achieved.

Cu leaching from blended slags by using lixiviate containing H202 and CH3COOH is a complex
heterogeneous process. In addition to revealing the effect of leaching parameters, it will also be useful to have
kinetic information. Kinetic analyses were made based on the data of the effect of temperature and H20:2
concentration on the Cu extraction depending on the leaching time. The Cu extraction yields obtained
depending on time, temperature and H202 concentrate (Fig 3,4) were applied to various heterogeneous
kinetic models. Kinetics analysis indicates that the copper leaching ratio is controlled by diffusion controlled
through the product layer. Assumes the diffusion through the ash (slag matrix) is a rate limiting step (Equation
1).

1-3 (1-X)R +2 (1-X) =kt 1)

where X is the extraction of Cu, t is time (min) and k is the apparent rate constant (min-t).
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Fig 1. Effect of leaching temperature (Liquid- Solid Ratio: 25 mL/g; Ultrasonic power: %50; Hydrogen peroxide

concentrate:2 M; Acetic acid concentrate:4 M).

100
90
80
£ 70
3 5o e1M
3 40 *2M
3 30 A3M
20
0 mam
0
0 10 20 30 40 50 60 70

Leaching Time, min
Fig 2. Effect of hydrogen peroxide concentrate (Liquid- Solid Ratio: 25 mL/g; Ultrasonic power: %50; leaching

temperature: 65 °C; Acetic acid concentrate:4 M)
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Fig. 3. A plot of 1-3(1-X)2/3+2(1-X) versus time for various temperatures during Cu extraction from blended slag (Liquid-

Solid Ratio: 25 mL/g; Ultrasonic power: %50; hydrogen peroxide concentrate:2 M; Acetic acid concentrate:4 M).
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Fig. 4. A plot of 1-3(1-X)2/3+2(1-X) versus time for various hydrogen peroxide concentrate during Cu extraction from
blended slag (Liquid- Solid Ratio: 25 mL/g; Ultrasonic power: %50; Leaching temperature: 65 °C; Acetic acid

concentrate:4 M).

4. CONCLUSION

According to experimental results, extraction of copper increased with increased temperature, H20:2
concentrate and time. On the other hand, results of experiments showed that negligible iron ions passed in to
leaching solution which indicates that selective leaching is possible with stabilization of iron in the leach
residue. The kinetics of Cu extraction from blended slag by using H202 can be described by means of the
diffusion controlled shrinking core model. Besides the obtained results, it can be said that ultrasonic energy
has a positive effect on the dissolution of base metal in blended slag.
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Abstract

In this study, the effects of condenser and evaporator air flow rates on the performance of an automotive
air conditioning (AAC) system with R1234yf are experimentally investigated in comparison to the system
with R134a. For this aim, an experimental AAC system consisting of the components of an original AAC
system was developed in laboratory environment, and equipped with various mechanical and electrical
measuring devices. The refrigeration cycle of the system was made up from an evaporator, condenser,
liquid receiver, filter/drier, compressor and thermostatic expansion valve. The experimental AAC system
was equipped with instantaneous control and data acquisition systems. The tests were performed by
varying the compressor speed as well as the condenser and evaporator air flow rates. By applying energy
analysis to the components of the AAC system based on acquired data, various performance parameters
of the AAC system with R1234yf and R134a were evaluated, and presented in comparative graphics. It
has been found that the coefficient of performance (COP) for the AAC system decreases with the increase
of the compressor speed, while cooling capacity, compressor power, condenser heat rejection,
compressor discharge temperature and refrigerant flow rate increase with it. With rising evaporator air
flow rate, the cooling capacity, compressor power, condenser heat rejection rate, COP, refrigerant flow
rate and compressor discharge temperature increase for both refrigerants. With rising condenser air flow
rate, the cooling capacity, condenser heat rejection rate and COP increase for both refrigerants; while
the compressor power, refrigerant flow rate and compressor discharge temperature decrease with it.

Keywords: Automobile air conditioning, condenser, cooling, evaporator, R1234yf, R134a.

1. GIRIS

Otomobil klima sistemlerinin kullanimina, kloroflorokarbon (CFC) grubu sogutucu akiskanlarin gelistirilmesi
ile baslanmigtir. Bazi tir sogutucu akigkanlarmn igerisinde bulunan klor atomunun ozon tabakasinin
incelmesine yol agtiginin anlagilmasindan sonra, klor atomu igeren sogutucu akiskanlarm kullanimlart
kisitlanmugtir. Otomobil klima sistemlerinde kullanilan CFC grubundan R12 sogutucu akiskanin kullaniminin
1994 yilindan itibaren kisitlanmasindan sonra, alternatif olarak Hidroflorokarbon (HFC) grubundan R134a
sogutucu akigkaninin kullanimina baglanilmigtir. Daha sonra, HFC grubu sogutucu akiskanlarin kiiresel
1sinma potansiyeli (GWP) degerlerinin yiiksek oldugu anlagilmig ve kullanimlarina sinirlamalar getirilerek
zaman igerisinde kademeli olarak kaldirilmasina karar verilmistir [1,2]. Kiiresel 1simmmanin etkisinin
azaltilmasi amaciyla, otomobil klima sisteminde kullanilan sogutucu akiskanlarin GWP degerinin 150’den
biiyiik olmamasina dair bir karar, 2006 yilinda Avrupa Birligi Parlamentosu’nda alinmustir [3,4].

Otomobil klima sistemleri ile ilgili olarak farkli sogutucu akigskan kullanimin performansa etkisi, sistem
bilesenlerin performanslarinin iyilestirilmesi, sistemin kigin 1s1 pompasi olarak yararlanilmast ve yapay sinir
aglari ile sistem performansinin belirlenmesi lizerine yapilmus gesitli arastirmalar literatirde yer almaktadir.
Ratts ve Brown, otomobil klima sistemine sarj edilen sogutucu akigkan miktarinin performansa etkisini
aragtirmiglardir [5]. Kaynakli ve Horuz, R134a sogutucu akigkani ile ¢aligan otomobil klima sisteminde en iyi
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calisma sartlarin1 belirlemek amaciyla deneysel aragtirmalarda bulunmustur [6]. Esen ve Hosoz, R12 ve
R134a sogutucu akiskanlarin performans karsilastirmalarini yapmak igin bir otomobil klima sisteminde
deneyler gerceklestirmisler ve sonuglar1 kargilagtirmali olarak sunmuglardir [7]. Alkan ve Hos6z, bir otomobil
klima sisteminde sabit ve degisken kapasiteli kompresorler kullanilmasi durumunda deneysel performans
kargilagtirmalarini gergeklestirmistir [8]. Hosoz ve Direk, bir otomobil klima sisteminin 1s1 pompast olarak
kullanimindaki performansini arastirmiglardir [9]. Hosoz ve arkadaslari, otomobillerde kisin faydalanilan
motor sogutma su kullanimli 1sitma sistemi ile farkli 1s1 kaynaklar: kullanabilen otomobil 1s1 pompasi sistemi
arasinda deneysel performans karsilagtirmalar1 yapmuslardir [10]. Hosoz ve Ertunc, yapay sinir aglart
kullanarak bir otomobil klimasinin ¢aligmasini modellemis ve model sonuglari ile deneysel sonuglart
karsilagtirmiglardir [11]. Hosoz ve arkadaslari, ANFIS yontemini kullanarak R134a sogutucu akiskani
kullanan bir otomobil iklimlendirme sisteminin g¢esitli performans parametrelerini modellemiglerdir [12].
Alkan ve arkadagslari, sabit ve degisken kapasiteli kompresor kullanabilen bir otomobil klima sisteminde
sogutucu akigkan sarj miktarmin etkilerini aragtirmiglardir [13]. R134a sogutucu akiskaninin kiiresel 1sinma
potansiyeli yiiksek olan sogutucu akiskanlardan biri 0olmasi nedeniyle, alternatif sogutucu akiskanlar iizerine
aragtirmalar son yillarda artmigtir. Tamura ve arkadaslari, R134a sogutucu akigkana alternatif olan
karbondioksit sogutucu akigkanini kullanan bir otomobil klima sisteminde arastirmalar gergeklestirmislerdir
[14]. Navarro ve arkadaslari, R1234yf, R134a ve R290 sogutucu akigkanlarini agik pistonlu buhar sikigtirmal
tip bir kompresore sahip ticari ara¢ klimasinda kullanarak kargilagtirmali deneyler gerceklestirmislerdir [15].
Navarro ve arkadaslari, bir buhar sikigtirmali kompresore sahip klima sisteminde R134a ve R1234yf sogutucu
akiskanlart kullaniminin deneysel karsilagtirmalarmi gergeklestirmisler ve R1234yf sogutucu akiskanmin
R134a sogutucu akiskanina gére %9 daha az sogutma kapasitesi ile %19 daha diisiikk sogutma tesir
katsayisina (STK) sahip oldugunu belirlemislerdir [16]. Zilio ve arkadaslari, R1234yf sogutucu akigkanini
R134a sogutucu akiskanli ve degisken kapasiteli kompresor kullanilan bir otomobil klima sisteminde
kullanarak deneysel performans arastirmislar1 yapmiglardir [17]. Lee ve Jung, R1234yf ve R134a sogutucu
akigkanlarm performans: karsilagtirmalarini agik pistonlu kompresdre sahip ticari tip bir iklimlendirme
sisteminde gergeklestirmisler ve R134a’l1 sistemin R1234yf’1i sisteme gore sirasiyla %2.7 ve %4 daha yliksek
STK ve sogutma kapasitesi degerine sahip oldugu sonucuna ulagmislardir [18]. Cho ve arkadaslari, bir
otomobil klima sisteminde R134a ve R1234yf sogutucu akiskanlarin kullanilmasini aragtirmislar ve R1234yf
sogutucu akigkanli sistemin R134a’li sisteme gore sirasiyla %7 ve %4.5 daha diisiik sogutma kapasitesi ve
STK ile sonuglandigini tespit etmiglerdir [19]. Alkan ve arkadaglari, R134a sogutucu akigkanina alternatif
olan R1234yf sogutucu akigkanin bir otomobil klima sisteminde kullanimin1 deneysel olarak arastirmislardir
[20].

Bu c¢alismada, R134a ve R1234yf sogutucu akiskani kullanilabilen bir otomobil klima sisteminde farkl
kondenser ve evaporator hava akim hizlarimm performansa etkisi arastirtlmistir. Bu amag igin kurulan
deneysel sistem, orijinal otomobil klima sistemi parcalari ile ¢esitli mekanik ve elektriksel 6l¢iim cihazlari
kullanilarak laboratuvar ortaminda kurulmustur. Sistemin sogutma g¢evrimi, bir otomobil klima sisteminde
kullanilan evaporator, kondenser, sivi tanki, kompresor ve termostatik genlesme elemanindan olusmaktadir.
Olusturulan deneysel otomobil klima sistemi, anlik olarak kontrol yapabilen ve veri alabilen sistemler ile
donatilmistir. Ayrica, deneylerde kullanilan evaporator ve kondenser fanlarinin hizlar, elektronik olarak
kontrol edilmistir. Testler, kompresor devri ile kondenser ve evaporatér hava akim hizlar1 degistirilerek
gercgeklestirilmistir. Testler sonucu elde edilen veriler yardimiyla deneysel sisteme enerji analizi uygulanarak
R134a ve R1234yf sogutucu akiskanl tasit iklimlendirme sisteminde kondenser ve evaporator hava akim
hizlarinin degisiminin gesitli performans parametrelerine etkisi, grafikler halinde sunulmustur.

2. DENEY SiSTEMIi VE TEST PROSEDURU

Deneylerin gerceklestirildigi, cesitli kompresor devri ve evaporator/kondenser hava akim hizlari ile
caligabilen otomobil klima sisteminin gematik resmi Sekil 1°de goriilmektedir. Deneysel otomobil klima
sistemi, orijinal bir otomobil klima sisteminin sogutma ¢evrimi bilesenlerinden, istenilen evaporator ve
kondenser hava akimi giris sicakliklarmin ve hizlarinin saglanmasi amaciyla kullanilan ekipmanlardan,
kondenser ve evaporator hava kanallarindan, kompresorii istenen devirde ¢alistirmak i¢in kullanilan {i¢ fazl
asenkron elektrik motoru ile motor siiriiclisiinden, basing, sicaklik, izafi nem, sogutucu akigkan kiitlesel
debisi, devir gibi fiziksel biiyiikliiklerin Sekil 1’de gosterilen noktalardan Glgiilmesini saglayan gesitli
mekanik 6l¢iim cihazlar ile veri toplama/kontrol sistemlerinden ve belirtilen bilesenleri iizerinde barindiran
deney masasindan olugmaktadir. Deneysel otomobil klima sistemi sogutma ¢evrimi bilesenleri ise paralel
akimli ve mikro kanalli kondenser, termostatik genlesme valfi, lamine tip evaporatér, sivi tanki,
filtre/kurutucu, sabit kapasiteli kompresor, eksenel tip ¢ift kondenser fan1 ve santrifiij tip evaporator fanindan
olugsmaktadir. Deneysel otomobil klima sisteminde kullanilan sogutma c¢evrimi bilesenlerinin temel
Ozellikleri, Tablo I’de verilmistir.
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Tablo I. Deneysel otomobil klima sistemi sogutma gevrimi bilesenlerinin temel 6zellikleri.

Kompresor Sanden SD7H15
Kondenser Paralel akimli mikro kanalli
Evaporator Lamine tip
Genlesme valfi Icten dengeli termostatik genlesme valfi
Sogutma ¢evrimi boru baglantilart 172", %", %" dis ¢apli bakir borular

Deneysel sistemde sogutucu akigkanin kiitlesel debisi sivi hattina monte edilen Coriolis debimetre ile,
sogutucu akiskanin basing ve sicakliklart ise Sekil 1'deki sematik resimde sirasiyla (P) ve (T) sembolleriyle
gosterilen noktalardan basing transmitterleri/Bourdon manometreler ve termokupllar ile 6lgtilmektedir.

Cevre havasi

v l v e
ilgisayar
i @Rh
i i Cevre havast
Santrifiij fan
‘ K| I l l l l
Elektrikli 1sitict ‘ Veri toplama 1 TORn
% ] Veri sirisi ve AC kontrol Elektrikli 1sttict
gy kontrol sistemi | stkaslart %ES -'
Evaporator
hava kanah | T @R_h‘v_'ﬂ ®® Kondenser
. = hava kanali
Evaporator @ I@tha
Gozetleme 5 T
cami = ‘ | Kondenser
! il é Coriolis kiitle Filtre 2 . Axial fan
l akis sensdril Rh

Iil

. &
Ug fazli elektirik
ail kaynagy

Waltmeter Frekans Proximity Kompresor
invertor U fazlt sensor =
elektirik motoru

Sekil 1. Deneysel otomobil klima sisteminin sematik resmi

Deneysel otomobil iklimlendirme sisteminde evaporatér ile kondenser iizerinden gegen hava akimlarinin izafi
nem (Rh), sicaklik (T) ve hiz (V) dzellikleri, Sekil 1°de verilen noktalardan 6lgiilmiistiir. Deneysel sistemde
hava akiminin sicaklik ve izafi nemini 6lgmek amaciyla SHT 71 tip sicaklik/nem sensérii kullanilmistir. I ve
dig tinite hava kanallar i¢inden gegen hava akimlarinin hizlari ise, hava akis transmitterleri ile dl¢tilmiistiir.
Hava akig transmitterleri, hava kanallar1 i¢inde ortalama hava hizlarin1 gdsteren noktalara monte edilmistir.
Deneylerde istenen evaporator ve kondenser giris hava akim hizlari, hava akig transmitterlerinden gelen
bilgilere gore elektronik Kkontrol unitesi tarafindan kondenser ve evaporatér fanlarinin devirlerinin
degistirilmesiyle saglanmaktadir. Deneysel otomobil klima sisteminde kullanilan 6lgiim cihazlarinin temel
Ozellikleri, Tablo II’de verilmistir.
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Tablo I1. Deneysel otomobil klima sisteminde kullanilan 6l¢tim cihazlarmn 6zellikleri.

Olgiilen degisken Olgiim cihaz Olgiim arahg Tamhk

T tipi termokupl -40 — 350 °C +05°C
Sicaklik

SHT 71 -40—123.8°C +04°C
Basing Vika S-10 transmitter 0 —25Bar <0.25 bar
izafi nem SHT 71 0-100 % +%3
Hava hiz1 EE65-VCK200 0.2—-10m/s +0.2m/s
Kiitle akis1 Krohne Optimass 3300C H04 0 — 450 kg/h +%0.1

Deneysel sistemde kompresor hizi, motor siiriicii ile istenen test degerine ayarlanmustir. Evaporatdr ve
kondenser hava akimlarinin giris sicakliklarini ayarlamak igin elektrikli 1siticilara uygulanan voltaj
degistirilmistir. Deney sisteminde kullanilan kompresor, 5.5 kW giiciinde bir asenkron motor ile kayis-kasnak
mekanizmasi araciligryla tahrik edilmistir. Asenkron elektrik motoru ise 5.5 kW giiciinde bir motor siiriictist
ile istenilen devirde ¢alistirilmustir. Klima kompresérinin devri proximity sensér yardimiyla anlik olarak
alimmakta ve devir verisi elektronik kontrol sisteminde degerlendirilerek kompresor {izerindeki yiik degisse
bile devrin istenilen degerde sabit kalmasi saglanmaktadir. Evaporator ve kondenser hava kanallari, hava
akigina engel olmayacak ve havanin homojen sekilde 1sitilmasint saglayacak geometride elektrikli 1siticilara
sahiptir. Bu elektrikli 1siticilar, deney kosullarina gore elektronik kontrol tinitesi araciligtyla enerjilendirilerek
istenilen kondenser ve evaporator giris hava akim sicakliklari elde edilmistir. Kondenser ve evaporatér hava
kanallarmin girislerine yerlestirilen evaporator ve kondenser fanlari, kanallar igerisindeki hava akim hiz
sensorlerinden gelen veriler dikkate alinarak dogru akim motor siiriiciileri yardimiyla kontrol edilmekte ve
kanallarda istenilen hava akim hizlar1 saglanmaktadir. Deneysel sistemde tlim 6lcum verileri, veri toplama
sistemi yardinuyla bilgisayar ortamina aktarilmakta ve kayit altina alinmaktadir. Istenen galisma kosullarmin
degerleri bilgisayar ortaminda kullanici tarafindan belirtilmekte ve kontrol sistemi tarafindan sistemin istenen
kosullarda ¢aligmasi saglanmaktadir. Deney sistemi ile ilgili ayrintih bilgi, kaynak [21]’de bulunmaktadir.

Deneysel otomobil klima sisteminde ilk grup testler, motorun rélanti devrine karsilhik gelen 800 d/d
kompresér devrinde, evaporator hava akim hiz1 2.8, 3.6 m/s, kondenser hava akim hiz1 1.6, 2.8 ve 3.6 m/s
secilerek her iki sogutucu akiskan igin gerceklestirilmistir. Ikinci grup testler ise kompresor devri 1600 d/d’ya
cikarilarak ilk grup testlerdeki evaporatdr ve kondenser hava akim hizlari ile her iki sogutucu akigkan igin
gerceklestirilmigtir. Her iki test grubunda da kondenser ve evaporatér hava akimlarinin giris sicakliklari
(Txondhg Ve Tevaphg), 27 °C degerinde sabit tutulmustur. Bilgisayar ortamindaki deneysel sistem arayiiziinde
kompresor hizi, deney siiresi, kondenser ile evaporatdr kanallari hava akim hizlart ve hava akimi giris
sicakliklar tanimlanarak testler gergeklestirilmistir. Deneyler esnasinda, deney sisteminden gelen tiim veriler
bilgisayar ekraninda izlenerek sistemin kararli hale gelmesi beklenmis ve veri toplama sistemi araciligiyla
strekli rejim verileri alinarak kaydedilmistir.

3. TERMODINAMIK ANALIiZ

Deneysel otomobil klima sisteminde enerji analizi yapilirken sogutma gevrimi bilesenlerinin giris ve
cikislarindaki sogutucu akiskan sicaklik verileri ile kompresor girisi, ¢ikist ve kondenser girisinden alinan
basing verileri kullanilmistir. Kompresor ve genlesme valfi disinda ¢evrim bilesenlerindeki basing diisiimleri
ihmal edilmistir.

Sogutma kapasitesi, evaporatdre enerjinin korunumu ilkesinin uygulanmasi ile asagidaki denklemden elde
edilmigtir.

Qevap = r.hr(h7 - he) (1)

Bu denklemdeki m,, Coriolis debimetrenin olgtiigii sogutucu akiskan kiitlesel debisini gostermektedir.
Sogutucu akigskanin evaporator cikisindaki entalpisi h,, giristeki entalpisi iseh, ile gOsterilmektedir.
Entalpiler, basing ve sicakligin fonksiyonu olarak REFPROP programindan elde edilmistir.
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Sogutucu akiskana kompresorde verilen sikistirma giicli, adyabatik kompresor kabulii ile asagidaki
denklemden bulunmustur.

Wkomp = mr (hz - hl) (2)

Burada h, sogutucu akiskanin kompresor ¢ikisindaki 6zgiil entalpisini, h, ise kompresor girisindeki 6zgiil
entalpisini ifade etmektedir.

Sogutma sistemlerinin etkinligini ifade eden Sogutma Tesir Katsayisi, sogutucu akigkanin evaporatdrden
gecerken havadan aldig1 1sinin kompresérde sogutucu akiskana verilen giice oranindan bulunur. Bu durumda
STK, asagidaki denklemden elde edilmistir.

STK = 2o ®

komp

4. SONUCLAR VE TARTISMA

Farkli evaporatér ve kondenser hava akimi hizlarinda calistirilabilen deneysel otomobil klima sisteminin
cesitli performans parametrelerinin  kompresor devri, evaporatérden gegen hava akiminin hizi ve
kondenserden gegen hava akiminin hizina gére degisimleri, Sekil 2— 4’de verilmistir. Sekillerdeki grafiklerin
elde edildigi testlerde, kondenser ve evaporator girislerindeki hava akimlarinin sicakliklart Tkondng= 27 °C,
Tevaphg= 27 °C olarak tutulmustur. Kompresoriin 800 ve 1600 d/d doniis hizlarinin her biri i¢in evaporator
tizerinden gegen hava akimi hizi Vortevap= 2.8 mM/S Ve Vortevap= 3.6 m/s degerlerine getirilerek, her devir ile
evaporator hava akim hizi i¢in kondenserden gegen hava akim hizi Vortkond= 1.6 m/S, Vortkond= 2.8 m/s ve
Vortkond= 3.6 m/s degerlerine ayarlanmistir. Deneysel otomobil klima sisteminde R134a ve R1234yf sogutucu
akigkanlart kullanilarak deneyler gergeklestirilmistir.

Deneysel otomobil klima sisteminin sogutma kapasitesinin kondenser hava akim hizi ile degisimi, Sekil
2(a)’da gosterilmistir. Kondenser ve evaporatérden gecen hava akimi hizlarinin artmast ile sogutma kapasitesi
artmaktadir. Evaporatdr hava akim hizinin diisiik oldugu durumda R134a ile R1234yf sogutucu akiskanlari
birbirlerine yakin sonug verir iken evaporator hava akim hizi arttiginda R134a sogutucu akiskanin daha
yiiksek sogutma kapasitesine sahip oldugu anlagilmaktadir. Sogutma kapasitesinin artmasinda en etkili
parametrenin kompresor devrindeki artis oldugu, ikinci olarak evaporator hava akim hizinin {igiincii olarak
kondenser hava akim hizinin etkili oldugu gérilmektedir.

Deneysel otomobil klima sisteminde kompresor giiciiniin kondenser hava akim hiz1 ile degisimi, Sekil 2(b)’de
sunulmustur. Diigitk kompresor devirlerinde, kondenser hava akim hizinin artmasi ile kompresor giiciinde
degisim gozlenmez iken kompresor devrinin artmasi ile kondenser hava akim hizinin artmas: sonucu
kompresor giiciiniin azaldig: goriilmektedir. Ozellikle yiiksek kompresor devirlerinde kondenser hava akim
hizinin artmasi, kondenserdeki doyma basincinin diismesine neden olmakta; bunun sonucu kompresor yiki
azalmakta ve kompresor gicl diismektedir. R1234yf sogutucu akiskanin, R134a sogutucu akigkanina gore
aym kompresor devri ile ayn1 evaporator hava akim hizinda kondenser hava akim hizina bagli olarak yaklasik
% 4-11 daha biyiik kompresor giiciine sahip oldugu anlagilmaktadir.
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Sekil 2. Sogutma kapasitesinin (a) ve kompresor giicintn (b) kondenser hava hiz ile degisimi

Deneysel otomobil klima sisteminin sogutma tesir katsayisinin kondenser hava akim hiz1 ile degisimi, Sekil
3(a)’da verilmistir. Kondenser ve evaporatér hava akim hizlarinin artmasi ile STK artmakta; kompresor
devrinin artmasi ile STK azalmaktadir. Kondenser hava akim hizinin 1.6 m/s’ye den 3.6 m/s’ye ¢ikarilmasi
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ile R134a sogutucu akigkanli sistemin STK degeri evaporator hava akim hizi ve kompresor devrine bagh
olarak yaklagik % 8-11 artarken R1234yf sogutucu akigkanl sistemde yaklagik % 7-9 arasinda artig
goriilmektedir. Kondenser hava akim hizinin artmast ile kompresor ¢ikis sicakliginin ve kondenser basincinin
azalmasina bagli olarak kompresdrde sogutucu akigkana verilen guc de azalmaktadir. Ayni zamanda
kondenser hava akim hizinin artmast ile yogusma basinct ve sicakliginin azalmasina bagli olarak buharlagma
sicakliginin azalmasi sonucu sogutma kapasitesinin artmasi, STK’nin da artmasina neden olmaktadir.
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Sekil 3. Sogutma tesir katsayisinin (2) ve sogutucu akigkan kiitlesel debisinin (b) kondenser hava hizi ile degigimi

Deneysel sistemin sogutma ¢evriminde dolasan sogutucu akiskan kiitlesel debisinin kondenser hava akim hizi
ile degisimi, Sekil 3(b)’de sunulmustur. Kompresoér devri ve evaporatér hava akim hizinin artmasi ile
sistemde dolagan sogutucu akiskan debisi de artmaktadir. Kondenser giris hava akim hizinin artmasi ile
R1234yf sogutucu akiskan debisi yaklasik olarak % 1-3 arasinda, R134a sogutucu akiskan debisi ise yaklagik
olarak % 2—4 azalmaktadir. Evaporat6r hava akim hizi artmasi, R1234yf sogutucu akigkan debisini yaklasik
olarak % 2—4 arasinda, R134a sogutucu akigkan debisini ise yaklasik olarak % 6—10 arasinda arttirmaktadir.
Kompresor devrinin 800 d/d’dan 1600 d/d’ya cikarilmasi ile R1234yf sogutucu akiskani debisi yaklagik
olarak %32-34 arasinda, R134a debisi ise yaklasik olarak % 37—40 arasinda artmaktadir.

Deneysel otomobil klima sisteminde kompresor ¢ikisindaki sogutucu akigkan sicakliginin kondenser hava
akim hizt ile degisimi, Sekil 4(a)’da gorulmektedir. Kondenser hava akim hizinin artmasi ile yogusma
sicakliginin azalmasi sonucu kompresor ¢ikig sicakligi da diismektedir. Bu diisme, kondenser hava akim
hizinin 1.6 m/s’den 3.6 m/s’ye ¢ikarilmast ile her iki sogutucu akigkan i¢in yaklasik % 5—7 duzeyindedir.
Evaporatér hava akim hizinin artmas: ile buharlagsma sicakliginin artmasina bagli olarak yogusma sicakliginin
da artmasi, kompresor ¢ikis sicakligini yiikseltmektedir. Fakat bu artig, evaporatér hava akim hizinin 2.8
m/s’den 3.6 m/s’ye ¢ikarilmast ile her iki sogutucu akiskan igin en fazla % 1 diizeyinde gergeklesmektedir.
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Sekil 4. Sogutucu akigkanin kompresor ¢ikis sicakliginin (a) ve evaporatorden ¢ikan sartlandirilmis hava akim sicakligmin

(b) kondenser hava hizi ile degisimi

Deneysel otomobil klima sisteminde evaporatérden ¢ikan sartlandirilmig hava akimi sicakliginin kondenser
hava akim hizi ile degisimi, Sekil 4(b)’de verilmistir. Kondenser hava akim hizinin artmasi ile yogusma
sicakliginin azalmasina bagli olarak buharlagma sicakliginin da diismesi sonucu evaporator ¢ikis hava akim
sicakligi azalmaktadir. Bu azalma, kondenser hava akim hizinin 1.6 m/s’den 3.6 m/s’ye ¢ikarilmasi ile
R1234yf sogutucu akigkani igin yaklagik % 3—7 diizeyinde, R134a sogutucu akiskani igin ise yaklagik %
8-17 diizeyinde gergeklesmektedir. Evaporator hava akim hizinin artmasi ile buharlasma sicakligmin da
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ylikselmesi sonucu evaporatdr ¢ikis hava akim sicakligi artmaktadir. Bu artig, evaporatdr hava akim hizinin
2.8 m/s’den 3.6 m/s’ye c¢ikarilmasi ile R1234yf sogutucu akigkani i¢in kompresor devrine bagli olarak
yaklasik % 19-22 diizeyinde gergeklesirken R134a sogutucu akigkanli sistemde yaklasik % 4—6 arasinda
olmaktadir. Kompresor devrinin artmasi ile her iki sogutucu akiskan i¢in evaporator ¢ikis hava akimi sicaklig
% 20-30 arasinda azalmaktadir.

5. SONUGLAR

Bu caligmada, otomobil klima sisteminde evaporator ve kondenser hava akim hizlarinin performansa etkileri
cesitli calisma kosullar1 altinda deneysel olarak incelenmistir. Bu amagla kullanilacak deneysel sistem, gesitli
mekanik ve elektriksel 6l¢iim cihazlarimi Uzerinde bulunduran otomobil klima sistemi ve pargalarindan
olusturularak laboratuvar ortaminda kurulmustur. Farkli evaporator ve kondenser hava akim hizlari ile
calistirilabilen deneysel otomobil klima sistemine ait ¢esitli slrekli rejim performans parametrelerinin
degerleri, R1234yf ve R134a sogutucu akiskanlarinin kullanimu ile iki farkli kompresor devrinde belirlenmis
ve grafikler halinde sunulmustur. Testler esnasinda kondenser ve evaporatdr girisindeki hava akim
sicakliklart Tkondhg= 27 °C, Tevaphg= 27 °C degerlerinde tutulmustur. Testlerdeki birinci kompresor devri,
ara¢ rolanti devrine karsilik gelen 800 d/d olup bu durumda evaporator hava akim hizlari 2.8, 3.6 m/s,
kondenser hava akim hizlarn 1.6, 2.8 ve 3.6 m/s secgilerek her iki sogutucu akiskan igin deneyler
gerceklestirilmistir. Ikinci kompresor devri deneyleri ise 1600 d/d’de birinci motor devri testlerindeki
evaporatoér ve kondenser hava akim hizlar1 saglanarak her iki sogutucu akigkan icin gerceklestirilmistir.
Calismada ulagilan baglica sonuglar, agagidaki gibidir.

e Kondenser ve evaporatorden gecen hava akimlarinin hizlarmm artmasi ile sogutma kapasitesinin
arttigi, evaporatér hava akim hizinin digiik oldugu durumda R134a ile R1234yf sogutucu
akigkanlar1 birbirlerine yakin sonuglar verirken evaporatér hava akim hizinin artmasi durumunda
R134a sogutucu akigkanmin daha yliksek sogutma kapasitesine sahip oldugu gozlemlenmistir.
Sogutma kapasitesinin artmasinda etkili olan en énemli parametrenin kompresor devrindeki artig
oldugu, ikinci olarak evaporator hava akim hizinin tigiincii olarak ise kondenser hava akim hizinin
etkili oldugu belirlenmistir.

e  Diisiik kompresor devrinde kondenser hava akim hizinin artmasi ile kompresor giiciinde degisim
gozlenmez iken yiiksek kompresor devrinde kondenser hava akim hizinin artmasi sonucu
kompresor gucunln azaldig: tespit edilmistir. R1234yf sogutucu akiskanin, R134a’ya gore ayni
kompresor devri ile ayn1 evaporator hava akim hizinda kondenser hava akim hizina bagl olarak
yaklasik % 4—11 daha fazla kompresor giiciine sahip oldugu goriilmiistiir.

e Kondenser ve evaporatér hava akimlarinin hizlarinin artmasi ile STK’nin da arttigi, kompresor
hizinin artmasi ile STK’nin diistiigli goriilmiistiir. Kondenser hava akim hizinin 1.6 m/s’ye den 3.6
m/s’ye ¢ikarilmasi ile R134a sogutucu akigkanh sistemin STK degerinin yaklagik % 8-11 artigy,
R1234yf sogutucu akiskanli sistemde ise bu artisin yaklasik % 7-9 arasinda oldugu belirlenmistir.

o  Kompresor devri ve evaporatdr hava akim hizinin artmasi ile sistemde dolasan sogutucu akigkan
debisinin de arttig1, kondenser hava akim hizinin artmasi ile R1234yf debisinin yaklasik % 1-3,
R134a debisinin ise yaklasik % 2-4 azaldig1 gézlemlenmistir. Evaporator hava akim hizinin artmast
ile R1234yf debisinin yaklagik % 2-4, R134a debisinin ise yaklasik % 6—10 arttigi gorilmiistiir.
Kompresor devrinin 800 d/d’dan 1600 d/d’ya ¢ikarilmasi ile R1234yf debisinin yaklasik % 32-34,
R134a debisinin ise yaklasik % 37-40 arttig1 belirlenmistir.

e  Kondenser hava akim hizinin artmasi ile kompresor ¢ikis sicakhiginin azaldigi gézlemlenmistir. Bu
azalma, kondenser hava akim hizinin 1.6 m/s’den 3.6 m/s’ye ¢ikarilmast sonucu yaklagik % 5—7
duzeyindedir. Evaporator hava akim hizinin artmasi ile kompresor ¢ikis sicakliginin artigi, ancak bu
artigin evaporator hava akim hizinin 2.8 m/s’den 3.6 m/s’ye ¢ikarilmasi ile en fazla % 1 duzeyinde
oldugu tespit edilmistir.

e Kondenser hava akim hizinin artmasi ile evaporator ¢ikis hava akim sicakliginin azaldigi, bu
azalmanin kondenser hava akim hizinin 1.6 m/s’den 3.6 m/s’ye ¢ikarilmasi ile R1234yf’1l1 sistemde
yaklasik % 3-7 dlzeyinde, R134a’li sistemde ise yaklasik % 8-17 diizeyinde gergeklestigi
gbzlemlenmistir. Evaporatér hava akim hizinin 2.8 m/s’den 3.6 m/s’ye ¢ikarilmasi ile R1234yf’li
sistemde evaporator ¢ikis hava akim sicakligi, kompresor devrine bagli olarak yaklagik % 19-22
arasinda artarken R134a’li sistemde bu artis yaklagik % 4—6 diizeyinde gergeklesmistir. Kompresor
devrinin artmast ile her iki sogutucu akiskan i¢in evaporator ¢ikis hava akimi sicakliginin % 20-30
arasinda diistiigii gdzlemlenmistir.
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Abstract

Lightweight concrete can be produced by using lightweight aggregates with porous structure. Perlite is
one of the most important underground resources of our country and is a heat-expanding rock that can
expand up to 20 times its original volume when expanded. In this study; expanded perlite was substituted
with rilem sand by 0%, 20%, 40%, 60%, 80% to manufacture mortars. The effective water to cement ratio
of all mortar samples was determined as 0.6. Tests were carried out on mortar samples to determine
density, compressive strength, flexural strength, capillary water absorption, ultrasonic pulse velocity,
water absorption ratio and thermal conductivity. The results showed that the density of mortar samples
were reduced with increasing perlite content and that the physical and mechanical properties changed
accordingly. Mortar samples with thermal insulating properties were obtained as a result of reduced
thermal conductivity.

Keywords: Expanded perlite, Mortar, Lightweight concrete, Compressive strength, Thermal conductivity

1. GIRIS

Ingaat sektoriinde en gok kullanilan yapi malzemesi olan betonu olusturan bilesenlerin, 6zelikleri ve
miktarlar1 betonun sahip olacag fiziksel ve mekanik dzelikleri belirleyen parametrelerdir. Betonun hacminin
biiyiik bir boliimiinii olusturan agregalar ise betonun iskeletini meydana getirirler. Betonda kullanilan
agregalarin fiziksel ve mekanik Ozelikleri ise o betonun birim hacim agirligl, 1s1 ve ses yalitimi gibi
Ozeliklerini etkiler. Diger yandan betonda birim agirligin azaltilmasiyla st iletkenlik ve 1s1l genlesme
katsayilar kiigiiliir, yangina dayaniklilik artar. ~ Betonun birim hacim agirligiimn disiiriilmesiyle betonarme
elemanlarin agirliklart da azaltilarak yapi hafifletilebilir. Boylece tastyici sistem elemanlarinin Kesitleri
kiigiiltiilerek ekonomi saglanmasinin yaninda depremden gelen kuvvetlerde azaltilabilir [1].

Hafif agregalar kullanilarak iretilen hafif betonlar igerisinde, en yiiksek 1s1 yalitimi perlit katkili hafif
betonlar ile saglanabilmektedir[1,2] Onemli madenlerimizden olan perlit; asidik karakterli, inci parlakliginda,
amorf yapili, agik gri renkli, kii¢iik, yuvarlak cams: taneciklerden olusmus volkanik bir kayagtir [3, 4]. Bu
tanecikler icinde % 2-6 oraninda sikigmig olarak su bulunur. Ham perlit 6gitiiliip, hizli ve kontrollii bir
sekilde 6zel firmlarda yumusama noktasma kadar (760 °C — 1100 °C) 1s1l isleme tabi tutulursa bu tanecikler,
i¢lerindeki suyun buharlagsmasi sonucu, ilk hacminin 10 ile 20 kat1 kadar genlesebilir [5]. Genlesme sirasinda
sicak, yumusamis, camsi pargaciklar halinde ¢ok sayida ufak tanecikler olusur. Genlesmis perlitin ¢ok hafif,
diisiik termal iletkenlikli, atese dayanikli bir malzeme olusunun sebebi bu camsi taneciklerdir [6].

Birim hacim agirligi diisiik hafif betonlar Giretmek igin gesitli yontemler vardir. Bu ydntemlerden birincisi,
beton agregasmin ince kismunin yerine hafif agrega kullamim ile gerceklesir. iri agrega parcalarmi bir arada
tutmak ve agrega tanelerinin etrafini ince harg tabakasiyla kaplamak amaciyla ¢imento kullanilir. Biiyiik
bosluklu yalitilmig noktalardan birbirleriyle temas halinde olan pargalar yogunlugu diisiiriir. Bu tiir betonlar,

* Corresponding author. Tel.: 0-2822502389: fax: 0282 2509924
E-mail address: vakyuncu@nku.edu.tr (V. Akylnci).
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kumsuz betonlar olarak bilinir. Tkinci yol ise, kimyasal katkilar veya mekanik kopiikleme teknigi kullanilarak
betonun igerisinde hava bosluklari olusturmaktir. Bu tiir betonlar havali, hiicreli, kopiik ya da gaz beton
olarak bilinir. Hafif beton iiretmede en yaygin yol ise, hafif agrega kullanmaktir [7].

Normal betona gdre hafif beton ¢ok daha iyi ara yiizey ozelligi gosterir. Clinki hafif agregadaki purizli ve
gdzenekli yap1, ¢cimento hamuruyla ¢ok iyi bir aderans olusmasini saglar. Cimento hamurunun agrega icine
girmesiyle ara yizey, normal betona kiyasla ¢cok daha gligli hale gelir. Cimento hamurunun ve agreganin
elastisite modilleri birbirinden ¢ok farkli degildir ve uygulanan dig yiikler ya da termal etkiler sebebiyle,
gerilme farkliliklari sinirl diizeyde kalir [8].

Giiniimiizde hafif agregali beton iiretiminde yaygin olarak kullanilan hafif agregalardan genlestirilmis perlit
ingaat sektoriinde 1s1 yalitim amaciyla ana malzeme olarak kullanildig1 gibi yapinin farkli elemanlarinda yik
azaltic1 katki malzemesi olarak da kullanlabilmektedir. Ozellikle ingaat sektoriinde yiiksek performanslh hafif
betonlarin {iretiminde agrega veya baglayicilik ozelligi kazandiran puzolanik malzemeler ile birlikte de
kullanilabilmektedir [9,10,11]. Bununla birlikte genlestirilmis perlitin insaat sektdriinde kullanimi zamanla
daha yaygin bir hal almaktadir.

Bu c¢alismada; genlestirilmis perlit sirasiyla %0, %20, %40, %60, %80 oranlarinda ince agrega ile yer
degistirilerek harg iiretimleri gergeklestirilmistir. Uretilen tiim har¢ numunelerinin etkin su/gimento oran1 0,6
olarak belirlenmistir. Perlit agregali har¢ serilerde, birim hacim agirlik, basing dayanimi, egilme dayanimu,
kilcal su emme katsayisi, ultrases gegis hizi, su emme orani ve 1s1 iletkenlik katsayis1 belirlenmistir.

2. MALZEME VE YONTEM

Caligma kapsaminda genlestirilmis perlit sirastyla %0, %20, %40, %60, %80 oranlarinda ince agrega ile yer
degistirilerek harc iiretimleri TS EN 196-1 [12] standardina gore gerceklestirilmistir. Uretilen tiim harg
numunelerinin etkin su/¢imento orani 0.6 olarak belirlenmistir. Perlit agregali harg serilerde, birim hacim
agirlik, basing dayanimi, egilme dayanimi, kilcal su emme katsayisi, ultrases gegis hizi, su emme orani ve 1s1
iletkenlik katsayisi belirlenmistir. Harg tiretiminde kullanilan ¢imento ve genlestirilmis perlite ait dzelikler
Tablo 1’de, CEN referans kuma ait tane biiylikliigi dagilimi ise Tablo 2°de goriilmektedir. Taze harg
kivaminin tayini TS EN 1015-3 [13] standardmna gore belirlenmistir. Genlestirilmis perlit agregasimnin
kullanimu ile harcin islenebilirligi olumsuz etkilenmemis, karisimdaki genlestirilmis perlit miktart arttikga
artmigtir. Bu nedenle, genlestirilmis perlit kullanilan serilerde akigskanlagtirict katki maddesi kullanimina
gerek kalmamistir.

Tablo 1. Cimento ve genlestirilmis perlite ait d6zelikler

Bilesenler (%) CEM 1425R Genlestirilmis Perlit
CaO 62.62 0.5-2
SiO, 20.84 71-75
Al,03 5.23 12.5-18
Fe,03 3.60 0.1-15
MgO 0.85 0.02-0.5
SO; 3.23 0.0-0.2
Na,O/K,0 0.58/0.74 -
TiO, - 0.03-0.2
CI 0.03 -
H,0 - 2.0-5.0
Kizdirma kayb1 2.45 -
Coziinmez kalintt 0.79 -
Fiziksel dzelikler
Ozgiil agirlik 3.16 -
Ozgiil yiizey (cm?g) 3550 -
o . Baslangi¢ 119 -

Priz siiresi (dakika) Bitis 170 i
Hacim genlesmesi (mm) 1 -
Mekanik 6zelikler

2 guinluk 28.0 -
Dayanim (MPa) 7 glnlik 41.3 -

28 guinluk 60.5 -
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Tablo 2. CEN referans kuma ait tane biiytikliigii dagilimu

Kare elek goz agikligt (mm)  2.00 1.60 1.00 0.50 0.16 0.08

Elekte kalan y1gisimli (%) 0 75 335 675 875 9+1

Caligma kapsaminda iiretilen numunelere ait kodlamalar agagida goriilmektedir.
R : 9100 kum iceren normal beton

PH20  : %20 genlestirilmis perlit, %80 kum igeren harg

PH40  : %40 genlestirilmis perlit, %60 kum iceren harg

PHB0  : %60 genlestirilmis perlit, %40 kum iceren harg

PH80  : %80 genlestirilmis perlit, %20 kum iceren harg

2.1 Hafif Agrega Katkili Har¢ Uretimi icin Bilesim Hesaplamalart

Harg iiretiminde kullanilan malzemelerin hacimce birlesim miktarlar1 Tablo 3’te verilmistir.

Tablo 3. Genlestirilmis perlit katkili harg agrega karigim oranlar

Karigim Orani, Hacimce %'si
Agraga Tipi ve Ozelligi
R PH20 PH40 PH60 PH80
Kum (0-4 mm) 100 80 60 40 20
Genlesmis perlit (2-4 mm) - 20 40 60 80
Toplam 100 100 100 100 100

Caligma kapsaminda iiretilen kontrol, genlestirilmis perlit katkili harg karigimlarindaki malzeme miktarlar1 ve
birim hacim agirliklar1 Tablo 4°te verilmistir.

Tablo 4. Genlestirilmis perlit katkili har¢ karisimlarindaki malzeme miktarlari ve birim hacim agirliklari.

1m? hargtaki gercek malzeme miktarlar1 ve taze beton dzelikleri
Numune Kum Hafif Birim
Kodu Cimento Su Su/Cimento 0-4 mm agrega hacim
(kg) (kg) orani (ko) 0-4 mm agirhik
(kg) (kg/m®)
R 494 294 0.6 1482 - 1990
PH20 494 294 0.6 1186 16.3 1980
PH40 494 294 0.6 889.5 326 1830
PH60 494 294 0.6 593 48.9 1640
PH80 494 294 0.6 296.5 65.2 1440
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3. BULGULAR VE DEGERLENDIRME

Deneysel caligmalarda birim agirliklari 1460-1990 kg/m® arasinda degisen toplam 5 seri hafif harg
tretilmigtir. Farkli birim agirliklarda tiretilen ve 28 giin boyunca kirece doygun suda bekletilen hafif harglarda
fiziksel, mekanik ve 1s1 iletim katsayisi tayini deneyleri yapilmis, sonuglar Tablo 5’te verilmistir.

Tablo 5. Harg serilere ait deney sonuglari

Birim 5
| Asulikea| Ultrases | K (Kileal ) Egilmede ) A (st iletim
Numune Hacim s . gegirimlilik cekme ¢
_ - |suEmme| Gegis Hizi dayanim, katsayis1)
kodu Aguhigt ) katsayist, dayanimu, VP
0 a
(kg/m?) (mm/ms) cm?/sn) MPa (W/mK)
R 1990 75 4.3 0,81x107 5.95 30.95 2.36
PH20 1980 8.1 4.2 1,08x107 5.6 29.8 2.13
PH40 1830 11.6 4.1 1,55x107 4.75 27.1 1.75
PH60 1640 15.1 3.6 2,55x107 4.75 17.5 1.46
PH80 1460 18.1 3.2 3,15x10°7 39 10.4 1.20

3.1. Basing ve Egilme Deneyi Sonuclarinin Degerlendirilmesi

Egilme ve basing deneyi sonuglart Sekil 1 ve 2’de gosterilmistir. Sekil 1ve 2 incelendiginde perlit katkili hafif
harglarda perlit oran1 arttikca ve buna bagli olarak birim agulik distikce, egilme ve basing dayanim
degerlerinin distiigli goriilmektedir. Dayanimdaki diisiisiin temel sebebi, genlestirilmis perlit agregasinin
diger bilesenlere gore daha diisiik dayanima sahip olmasidir. Bu nedenle karisimdaki perlit miktarinin artmasi
ile egilme ve basing dayaniminda sirasi ile %34 ve %70’e varan diisiisler gézlenmistir. Egilme ve basing
deneyi sonuglarina gore perlit icermeyen referans numune en biiyiik egilme ve basing dayanimina, %80 perlit
katkili numune ise en kiiciik egilme ve basing dayanimina sahiptir.

271
175
I 10:4
PHAO PHE0 PHS0

Sekil 1. Har¢ numunelerinin basing dayanimi sonuglari, MPa

35 1
31

30 4

Basing Dayanum, MPa
—_ —_ (] [ =]
(= N (= N

n
L

R PH20
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5,95

4,25
3,9

Egilme Dayammi, MPa

PHG0 PH30

Sekil 2. Har¢ numunelerin egilme dayanimi sonuglari, MPa

3.2 Ultrases Gecgis Hizt Deneyi Sonuclarinin Degerlendirilmesi

Ultrases gecis hizi deney sonuglart Sekil 3’te gbsterilmistir. Sonuglar dikkate alindiginda karigimdaki perlit
orani arttik¢a ses gegis hizinin diistiigii agik bir sekilde goriilmektedir. Gozenekli ve bosluklu yapist ile perlit
agregasi ses gecis hizim diigiirmektedir. Ultrases gecis hiz1 deney sonuglarina gére perlit igermeyen referans
numune en bilyiik ultrases hizina, %80 perlit katkilt numune ise en kiigiik ultrases hizina sahiptir.

4.5

43 42 "
4 3.6
3.5 3.2
3
2.5
2
L5
1
0.5
0
R PH20 PH40 PH60 PHS0

Sekil 3. Har¢ numunelerin ultrases gegis hizi sonuglari

Ultrases Huz (mm/pis)

3.3. Kilcal Su Emme ve Agwrlikca Su Emme Sonuclarinin Degerlendirilmesi

Sekil 4 ve 5’te kilcal ve agirlik¢a su emme deney sonuglari grafiklerle gosterilmistir. Perlitin yiksek su emme
kapasitesi nedeniyle, har¢ numunelerde perlit oranma paralel olarak su emme oranlarinin da arttig
gozlemlenmistir. Kilcal su emme deneyi sonuglarina gore kontrol numune (R) en kiigiik kilcal su emme
katsayisina, PH80 serisi ise en bilyiik kilcal su emme katsayisina sahiptir. Genlestirilmis perlit katkili hafif
harglarin su emme oranlar1 ve kilcallik katsayisi degerleri incelendiginde, perlit miktar1 arttikga bosluk
oraninin arttigi ve gegirimliligin de buna bagli olarak arttig1 gérilmektedir.
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Kilcal Su Emme Katsayisi, Kx10-7 (cm?/sn)

3,50

3,00

2,50

2,00

1,50

1,00

0,00

R PH20 PH40 PH60 PH80
Sekil 4. Kilcal su emme katsayisi sonuglart
20
18.1

18

16 15.1

Agarlikga Su Emme Orani, %
o b & @& ®w 5 b &
--‘“I
AN
-‘Pc

23 PH20 PH40 PH&0 PHEO

Sekil 5. Agirlikga su emme orani (%) sonuglart

3.4. Ist Iletkenlik Katsayist Sonuclarinin Degerlendirilmesi

Farkli birim agirlikta iiretilen perlit katkili har¢ numunelerin 1s1 iletkenlik katsayisi degerleri Sekil 6’da
verilmistir. Is1 iletkenlik katsayis1 1.20 ile 2.36 arasinda degismektedir. Karisimdaki perlit orani arttik¢a 1s1
iletkenlik katsayisi azalmaktadir. En disiik 1s1 iletkenlik katsayist PH80 serisinde 1.20 W/mK olarak
belirlenmistir.

A (1s1iletim katsay1s1)(W/mK)
2,50 ~
2,00 -
1,50 -
1,00 -
0,50 -
0,00 T T T T ]
R PH20 PH40 PH60 PH80

Sekil 6. Is1 iletim katsayist sonuglari

502



4. SONUC

Farkli oranlarda genlestirilmis perlit agregas1 kullanilarak Uretilen harg serilerde perlit miktar: arttik¢a birim
hacim agirligi, egilme dayanimi, basing dayanimi ve 1s1 iletkenlik katsayisinin diistiigii, agirlikca su emmenin
ve kilcal su emme katsayisinin arttigi goriilmistiir. Perlitin; harcin fiziksel ve mekanik o6zelliklerine etkisi
bilesimdeki oranina bagl olarak degismis, 1s1 iletkenlik katsayis1 %80 perlit ikameli seride (PH80) yaklasik
%50 azalmistir. Bununla birlikte basing dayanimi perlit orani ile birlikte yaklasik %70 oraninda azalirken,
egilme dayanimindaki diisiis ise yaklasik %34 mertebesinde kalmistir. Perlit agregasi kullanimu ile birlikte
birim agirhik 6nemli 6lgiide azalmis, en diisiik deger PH80 serisinde 1460 kg/m? olarak belirlenmistir.

Bu calisma kapsaminda iiretilen har¢ serilerden elde edilen deney sonuglarina gore, genlestirilmis perlit
kullanimu ile harglarin su emme ve mekanik 6zellikleri olumsuz etkilense de birim hacim agirlik ve 1s1 iletim
katsayist dikkate alindiginda yapilarda ozellikle zati yiikiin azaltilmasinda ve 1s1 yalitim performansinin
arttirllmasinda énemli avantajlar saglayacaktir. Ulkemizde ¢ok buyiik miktarda rezervi bulunan perlitin,
ingaat sektoriinde bu anlamda kullanim alani bulmasiyla {ilke ekonomimiz ve iilke ¢ikarlari agisindan biiyiik
yararlar saglayabilecektir.

TESEKKUR

Yap1 malzemesi anabilim dalinda bitirme ¢alismasi yapan 6grencilere deneysel galismalardaki emeklerinden
dolay1 tesekkiirlerimizi sunariz.
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Abstract

Slab surfaces are the most vulnerable elements in constructions that are exposed to environmental effects
and therefore require a coating material to improve their resistance to different physical, mechanical and
chemical effects. The performance of coating materials vary depending on the admixed chemical
materials. One example for such chemicals is the polymers.

Polymers used in coating materials are commercially available in the form of liquid and powder. In this
study three different types of polymers are used to manufacture cement based coating materials. The
coating materials were then tested to determine characteristic properties such as shrinkage, flexural and
compressive strength, abrasion, water absorption by weight and volume, capillary water absorption and
freeze-thaw resistance.

Test results showed that when used at definite content, polymer addition could improve the physical,
mechanical and durability properties of cement based coating materials.

Keywords: Coating, polymer, physical properties, mechanical properties, freeze-thaw resistance.

1. GIRIS

Kaplama, beton yiizeyi lizerinde siirekli bir koruma saglayan, kalinligi1 genellikle 0,1 mm’den 5 mm’ye kadar
degisebilen, bazi 6zel uygulamalarda 5mm’den fazla teskil edilebilen tabakalara verilen genel addir [1].
Kaplama uygulamasi ile mevcut beton yiizeyin korunmasi, daha diizgiin, uzun 6miirlii, tozumayan, saglikli ve
gorsel agidan giizel goriiniimlii bir ylizey elde edilmesi saglanabilmektedir.

Kaplama malzemelerinin uygulanmasindaki temel amag 6zellikle betonarme désemeyi zamana bagli olusacak
yipranmaya karst dis etkilerden korumakla birlikte désemeye istege uygun olarak estetik goriiniim, aginma
direnci, kaymazlik fonksiyonu, kimyasal etkilere kars1 dayaniklilik gibi pek ¢ok 6zellik kazandirmaktir [2].

Genel olarak betonda dort temel yiizey iyilestirme yontemi uygulanmaktadir: (a) siirekli film tabakasi
olusturan organik kaplamalar, (b) bosluklarin yiizeyini kaplayan hidrofobik uygulamalar, (c) kapiler
bosluklari dolduran uygulamalar ve (d) ¢cimento esasl tabakalar [3].

Polimerik kaplamalar genellikle akrilat, poliliretan ya da epoksi gibi polimer esasli malzemelerdir. Akrilik ve
poliiiretan ile modifiye edilmis harglarda gegirimlilik Ozellikleri genellikle iyilesmekte ve bu anlamda
uygulandig1 betonarme yilizeylerde servis dmriinii olumlu yonde etkilemektedir. Akrilik esasli kaplamalarin
betonun klor gecirimliligini oldukg¢a azalttigi yapilan deneysel ¢aligmalarla ortaya koyulmugtur. Polimer-
cimento esasli kaplamalarda polimer miktar1 arttikga kaplama ile beton arasindaki aderans ve kaplamanin
fiziksel bariyer etkisi de artmaktadir [4-8].

* Corresponding author. Tel.: 0-2822502389: fax: 0282 2509924
E-mail address: vakyuncu@nku.edu.tr (V. Akylncu).
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Bu calismada polimer-cimento esash kaplamalarin gesitli fiziksel ve mekanik ozellikleri arastirilmistir. Uc
farkli tip (s1v1 ve toz halde) polimerin {iretim asamasinda ¢imento esaslt matrise belirli oranlarda katilmasi ile
elde edilen 3 seri harcta egilme ve basing dayanimi gelisimi, aginma, su emme, rotre ve donma-¢ozilmeye
dayaniklilik arastirilmis, sonuglar polimer igermeyen referans harg seri ile karsilagtirilmustir.

2. DENEYSEL CALISMA

2.1. Malzemeler

Kaplama malzemesi uretiminde ¢imento (beyaz Portland ¢imento ve aliiminatli ¢imento), silis esash ince
agrega, akiskanlastirici, kopiik kesici, kivam arttirict ve polimer kullanilmistir. Bu malzemelere ait detaylar
asagida verilmigtir.

2.1.1. Cimento

Deneysel ¢alismada CEM 1 52,5 R beyaz Portland ¢imentosu ve aliiminatli ¢imento birlikte kullanilmustir.
Cimentolara ait fiziksel 6zellikler ve kimyasal bilesenler Tablo 1’de dzetlenmistir.

Tablo 1. Calismada kullanilan ¢imentolara ait 6zellikler

Kimyasal bilesenler ve fiziksel Beyaz Portland Aliiminath
oOzellikler cimento cimento
Coziinmeyen kalint (%) 0,18 -
SiO; (%) 21,6 3,6
AlLO; (%) 4,1 39,8
Fe,0s (%) 0,26 17,1
Ca0 (%) 65,7 36,2
MgO (%) 13 0,65
SO3 (%) 3,3 0,04
Kizdirma kaybi (%) 3,2 0,3
Na,O (%) 0,3 -
K.0 (%) 0,35 -
Serbest CaO (%) 1,6 -
Ozgiil agirhk 3,06 3,25
Ozgiil yiizey (Blaine, cm?/g) 4600 3000

2.1.2. Agrega
Harg liretiminde, maksimum dane ¢ap1 2 mm olan silis kumu kullanilmustir.
2.1.3. Akiskanlastirici

Caligmada melamin esasl toz akigkanlastiricit kullanilmus, kullanilan akiskanlagtiriciya ait 6zellikler Tablo
2’de verilmigtir.

Tablo 2. Akigkanlastiric1 katki maddesinin 6zellikleri

Fiziksel hal Toz
Renk Beyaz
Kurutma sirasindaki kiitle kayb1 Maksimum %4
Yogunluk (kg/m®) 500-800
pH 9,0-114

2.1.4. Kopuk kesici

Caligmada, harg yizeyinde kopiik olugmasini engellemek amaci ile kopiik kesici katki maddesi kullanilmig,
kopuk kesicinin dzellikleri Tablo 3’te verilmistir.

Tablo 3. Kdpuk Kkesici katki maddesinin 6zellikleri

Fiziksel hal Toz
Renk Beyaz
Kurutma sirasindaki kiitle kaybi Maks. %4
Yogunluk (kg/m®) 290
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2.1.5. Kivam arttirict

Caligmada kivam arttiric1 olarak iyonlasmamus, suda ¢oziinebilen seliiloz eter kullanilmig, kivam arttiricinin

Ozellikleri Tablo 4’te verilmistir.

2.1.6. Polimer

Kaplama malzemesinin fiziksel ve mekanik &zelliklerine etkisini belirlemek amaci ile ¢ farkli tip polimer

Tablo 4. Kivam arttiricinin dzellikleri

Fiziksel hal Toz
Renk Beyaz
Tane ¢ap1 <425um
Su icerigi Maks. %5
Tuz igerigi Maks. %5
Yizey aktivitesi ve viskozite Zayif

kullanilmus, polimerlere ait fiziksel ve kimyasal ézellikler Tablo 5’te verilmistir.

Tablo 5. Polimerlerin kimyasal ve fiziksel dzellikleri

Polimer tipi Toz polimer (D) Akrilik polimer (O) Sivi polimer (S)
Kimyasal bilesim Vinil asetat ve etilen Saf akrilik Stiren akrilik
Renk Beyaz Beyaz Beyaz
Toplam kati madde ) 47+1 5041
oran1 (%)

pH 6 9-10 5-7
Viskozite (Mpa/s) - 300 3000-7000

2.2. Karisim Oranlari ve Kontrol Deneyleri

Deneysel caligmada toplamda 4 seri kaplama malzemesi iiretilmis, seri kodlarinin agiklamalar ve serilere ait
karigsim oranlari ve sirasi ile Tablo 6’da ve Tablo 7’de verilmistir.

Tablo 6. Harg serilerin kodlanmasi

Kod Agiklama

R Referans (polimer katkisiz) seri
05 %5 saf akrilik emulsiyon polimer katkili harg seri
S5 95 stiren akrilik bazli sivi polimer katkili harg seri

D2.5 %2.5 vinil asetat-etilen kopolimer bazli toz polimer katkil harg seri

Tablo 7. Karisim oranlari (agirhikga)

Malzeme R 05 S5 D2,5
Cimento (BPC+AC) 100 100 100 100
Su 63,29 63,29 63,29 63,29
Kdpuk kesici 2,31 2,31 2,31 2,31
Kivam arttirici 0,13 0,13 0,13 0,13
Akiskanlagtiric 0,87 0,67 1,33 2,00
Sivi polimer (S) 0 0 12,50 0
Akrilik polimer (O) 0 12,50 0 0
Toz polimer (D) 0 0 0 6,25
Ince agrega 150 150 150 150

Cimento esashi polimer katkili kaplama malzemelerinde 2, 7. ve 28. giinlerde egilme ve basing deneyleri
gerceklestirilmistir. Egilme deneyi, 3 adet 40x40x160 mm boyutlu prizmatik numunede TS EN 196-1’e [9]
uygun olarak yapilmistir. Basing deneyi ise egilme deneyi sonucunda elde edilen yarim prizmalarda TS EN
12190’a [10] uygun olarak gergeklestirilmistir.

Asinma deneyi TS EN 13892-3 [11] standardina uygun olarak kenar boyutu 71 + 1,5 mm olan kiip
numunelerde yapilmigtir. Deneyde, asindirict malzeme olarak krondon tozu kullanilmigtir.

Su gegirgenligi deneyi, 40x160x160 mm boyutlarinda beton lizerine dokilen kaplama malzemesinde TS EN
1062-3’e [12] uygun olarak yapilmuigtir. Taban malzeme olarak kullanilan beton numuneler kaplama
malzemesi dokiilmeden 6nce temizlenmis ve kurutulmustur. Deney numuneleri bir hafta siireyle laboratuvar
ortaminda bekletilmis, sartlandirmadan Once deney numunelerinin arka yiizi ve kenarlart parafinle
kaplanarak suya kars1 sizdirmaz hale getirilmistir.

Harg¢ numunelerde agirlik¢a ve hacimce su emme deneyi, her bir seri i¢in 50 mm boyutlu 3’er adet kiip
numunede 28. giinde yapilmustir.
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Donma-¢oziilme deneyi EN 13687-1 [13] standardina uygun olarak 40x40x160 mm boyutlu numunelerde
yapilmustir. Deney, 28. giinii dolduran numunelerin suya konulmasiyla basglanmistir. Numuneler 24 saat suda
bekledikten sonra asagida agiklandig: sekilde donma-¢dziilme gevrimine tabi tutulmuglardir.

e  Numuneler doymus sodyum kloriir ¢ozeltisi icine koyularak, -15 +2 °C sicaklikta 2 saat boyunca
bekletilmistir.

e Numuneler yikandiktan sonra 21 +2 °C sicaklikta suda 2 saat bekletilmistir.

Her 10 g¢evrimde bir numuneler ¢atlama, soyulma, kabarma, par¢a atma gibi yiizeysel kusurlar tespit etmek
icin gozle kontrol edilmis, deney 50. ¢evrime kadar siirdiiriilmiis, ardindan numuneler {izerindeki ytizeysel
kusurlar incelenmis ve fotograflanmustir.

Rétrenin belirlenmesi amaci ile, hazirlanan har¢ numuneler EN 12617-1"e [14] uygun olarak 1000x30x4 mm
boyutlarindaki kaliplara yerlestirilmis, sicakligi 21 + 2 °C, bagil nemi % 60 + 10 olan laboratuvar ortaminda 7
giin saklanmig ve boy degisimi belirlenmistir. Ardindan numuneler kalip igerisinde 70+2 °C sicakligindaki
etlivde 24 saat boyunca bekletilmis, etiivden alinan numuneler 24 saat daha laboratuvar ortaminda
bekletildikten sonra boy degisimi 6l¢imu tekrarlanmigstir. Rétre, boy degisiminin (Al) numunenin ilk boyuna
(lo) oranlanmasi ile hesaplanmugtir.

3. DENEY SONUCLARI VE iIRDELEMELER

Calisma kapsaminda iiretilen kaplama malzemelerinin egilme ve basing dayaniminin zamana bagl degisimi
Tablo 8 ve Sekil 1-2°de gosterilmistir.

Tablo 8. Kaplama malzemelerine ait mekanik deney sonuglari

Kod R 05 S5 D2.5
- 2.gin 35 39 38 31
Egilme _
dayanimi 7.gin 6.3 48 59 32
(MPa) 28.gin 8,2 84 | 88 8,0
2..gun 19,1 9.1 9,0 16,0
Basing _
dayanimi 7.gdn 25,1 14,3 16,3 229
(MPa) 28. gin 300 | 227 | 222 | 247
10
2. gin
8 | 5
M /. gun
= 28 gin

Egilme dayanimi{MPa)

]

4 ‘ I l ' l I
4] . |
R 05 55 D25

Sekil 1. Kaplama malzemelerinin egilme dayanimi gelisimi

Kaplama malzemelerinin egilme dayanimi Sekil 1°de goriildiigii lizere zamana baglh artmus, tiim seriler
dikkate alindiginda 28. giindeki egilme dayanimi 8,4+0,4 MPa araliginda degismistir. Polimer katkisi genel
olarak egilme dayanimini olumlu etkilemis, en yiiksek egilme dayanimi %5 stiren akrilik bazli sivi polimer
katkilr harg seride (S5) 8,8 MPa olarak gozlenmistir.

507



a5

a0 H2.gin

W 7.gin

= 28 gin
20
15
10
5
4]
R 05 55 D25

Sekil 2. Kaplama malzemelerinin basing dayanimi gelisimi

Basing dayamimi(MPa)

Harg serilerin basing dayanimi egilme dayanimina benzer sekilde zamana bagli artmis, ancak polimer
kullanimi basing dayanimini olumsuz etkilemistir. Polimer katkili harglarin 28 giinliik basing dayanimi
23,5+1,5 MPa arasinda degismis, referans harca gore dayanimda ortalama yaklagik %20 azalma meydana
gelmistir. Polimer katkili harglarda en yiiksek dayanim %2.5 vinil asetat-etilen kopolimer bazli toz polimer
katkilt harg seride (D2.5) gozlenmistir.

Harg serilerde gergeklestirilen aginma kaybi, su gecirgenlik hiz1 katsayisi, agirlik¢a ve hacimce su emme ile
rétre deney sonuglari Tablo 9°da 6zetlenmistir. Deney sonuglari ayrica Sekil 3-6 da gosterilmistir.

Tablo 9. Kaplama malzemelerine ait fiziksel deney sonuglari

Kod R 05 S5 D25
Aginma kaybi (AV, cm®) 5,6 6,3 6,5 6,0
Su gecirgenlik hizi katsayisi
(kg/m?hos) 0,169 0,110 0,05 0,14
Agirlikca su emme (%) 12,3 10,7 8,8 12,4
Hacimce su emme (%) 22,7 18,4 15,3 22,8
Rétre (mm/m) 0,12 0,08 0,13 0,15
7
6
—5
3
4
&>
£
E k]
2,
1
0
R 0s S5 D25

Sekil 3. Kaplama malzemelerinin aginma kayb1

Asinma deneyi sonuglar1 (Sekil 3) dikkate alindiginda harg serilerin asinma kaybmin yaklasik 6+0,5 cm®
araliginda oldugu, polimer katkinin harcin aginma direncine belirgin bir etkisinin olmadig1 goriilmektedir.
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Sekil 4. Kaplama malzemelerinin su gecirgenlik hiz1 katsayisi

%)

su gecirgenlik hizi (kg/m?h

D25

Har¢ numunelerde gergeklestirilen su gegirimlilik deneyi sonuglari Sekil 4’te gosterilmistir. Polimer
kullanimi ile harcin su gegirimliligi belirgin sekilde azalmusg, en diisiik su gegirgenlik hiz1 katsayis1 %5 stiren
akrilik bazli stvi polimer katkili harg seride (S5) 0,05 kg/m?h®5 olarak belirlenmistir. Polimer katkilar
performans agisindan karsilastirildiginda her ne kadar referansa gore daha diisiik su gegirimliligine sahip olsa
da vinil asetat-etilen kopolimer bazli toz polimerin en diigiik performans: gosterdigi goriilmektedir. Benzer
sonuglar agirlik¢a ve hacimce su emme deney sonuglarina da (Sekil 5) yansimaktadir.

15 25
20
£ =
= 10 =
15
E £
Ly L
3 3
El @
i o
g . 0 g
=) &
= T
5
o L]
R s S5 025

Sekil 5. Kaplama malzemelerinin agirlikga ve hacimce su emme orani

0,20

0,15

0,10
DJD I
0,00
R o5 s5 D25

Sekil 6. Kaplama malzemelerinin rétre degerleri

Rétre (mm,/m)

]

Roétre deney sonuglart Sekil 6’da gosterilmistir. Referans seri ile kiyaslandiginda sadece %5 saf akrilik
emiilsiyon polimer katkilt har¢ seri daha diisiik rotre degeri vermistir. Diger polimerlerin kullanildigi S5 ve
D2.5 serilerinde rétre degeri referansa gore sirast ile %10 ve %25 daha yiiksek ¢ikmustir.

Polimer katkili harglarin donma-¢oziilme etkisi altindaki performansini belirlemek adina 50 ¢evrime maruz
birakilan har¢ numunelerde meydana gelen kusurlar Sekil 7-10’da gosterilmistir. Gorsel incelemeden elde
edilen sonuglara gore polimer kullanimi, harcin donma-gézillme performansinda referans seriye gére gozle
goriiliir bir iyilesme saglamustir. Referans numuneler en biiyiik hasar1 goriirken (Sekil 7) S5 ve OS5 serilerinde
belirgin bir hasar olugsmamistir.
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Sekil 10. O5 serisine ait numunelerin donma-¢oziilme ¢evrimi sonundaki gorintusu
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4. SONUCLAR

Farkli tip polimerler ile modifiye edilmis cimento esasli harglarin fiziksel ve mekanik 6zelliklerinin
belirlenmesi amaci ile gergeklestirilen deneysel ¢alismadan elde edilen sonuglar asagida dzetlenmistir.

e Polimer ilavesi harglarmn egilme dayanimini olumlu ydnde gelistiritken basing dayaniminda
yaklasik %20 azalmaya yol agmistir.

e Polimer ilavesi harcin aginma direncine belirgin bir etki yapmamus, referans numuneye gore
polimer katkili harglarin asinma kayiplart az bir miktar artmustir.

e Harglarin su gecirimliligi polimer kullanimi ile belirgin sekilde azalmus, polimer tipi gegirimlilik
performansini dogrudan etkilemis, %5 stiren akrilik bazli sivi polimer katkili harg seride en diisiik
degere ulagilmustir.

e Polimer kullaniminin harcin rétresine etkisi polimer tipine bagli olarak farklilik gostermistir.
Referans seri ile kiyaslandiginda sadece %35 saf akrilik emiilsiyon polimer katkili harg seri daha
diisiik rotre degeri vermistir. Diger polimerlerin kullanildigr S5 ve D2.5 serilerinde rétre degeri
referansa gore sirasi ile %10 ve %25 daha yiiksek ¢ikmustir.

e Donma-¢oziilme etkisi altindaki performans dikkate alindiginda, polimer kullanimi ile harcin
donma-g¢oziilme performansinda referans seriye gore gozle goriliir bir iyilesme saglanmustir.
Referans numuneler en bllyiik hasar1 gériirken S5 ve O5 serilerinde belirgin bir hasar olusmamustir.

e Polimerlerin kimyasal yapilarina bagli olarak ¢imento esasli harclarin farkli &zelliklerini
gelistirdigi, 6rnek olarak stiren akrilik bazli sivi polimerin su gecirimliligini diger polimerlere gore
daha ¢ok azalttig1, saf akrilik bazli polimerin harcin rotresini azalttigi goriilmistiir.
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Abstract

This study investigated an extension strategy for electrical equipment in an electrical power plant from
the reliability perspective. It describes the works and studies made in Eregli-1l substation in Turkey, to
upgrade the existing 25 MW electrical generation capacity to 95 MW through an interconnection between
the existing generation systems and Turkish National Electric Grid (TNEG). Through this extension
major modifications have been made in connection lines between Eregli-Il electrical substation and
national electrical network and the electrical distribution system in order to restore the system reliability,
operational flexibility and equipment maintainability. In this study, main design criteria, power system
analysis, two level medium voltage and low voltage distribution system installation, automation, load
control of generation, distribution and control room revision during the extension project are reviewed. It
presents appropriate, systematic and effective application for improved electrical reliability and
increased production capacity. The aim of this paper to make recommendations based on the learning
experiences during the implementation of this project and to assist the reader faced with a similar major
plant extension projects.

Keywords: Turkish National Electric Grid (TNEG), Modification, Reliability, Electrical Power Plant.

1. INTRODUCTION

Electricity is a convenient form to transfer energy. Electrical energy is seldom generated and used directly.
Electrical power systems convert an available energy source such as gas, coal, hydro, nuclear, wind or solar
to electrical energy [1]. The generated electricity is then conveniently transferred to a load center. The devices
at the load center convert the electrical energy back to another useful energy form such as light, heat, or
mechanical motion [2-3]. Modern countries are not used to having even short electrical power system failures
in electrical power plants. Electrical power plants are generally operated for two or three years without
pausing because opportunity cost of plant pausing time is very large [4]. Equipment in electrical power plant
is also required to work without any pausing as long as possible. For long-run operation of electrical power
plant, maintenance with plant shutdown is very important and it has a large impact on asset management of a
power plant.

The electrical power transmission and distribution network of a power plant has a direct impact on the
profitability, reliability and overall operation of that plant. In power plants reliability is important in terms of
cost and reliability [5-6]. This is due to the hazardous environment that is created by the nuclear processes.
Sudden loss of power can result in explosions or the escape of noxious gasses. Often, it is not the loss of
power that causes the problem, but the uncontrolled startup of a plant when the power is restored.
Furthermore the vulnerability of the electrical power system, the industrial and heavy iron-steel companies
and the public and private sector is high due to the interconnectedness and dependency of all areas on
information and communication technology, navigational systems and other electronic devices. One of the
most serious problems in the operation of industrial company is the breakdown of the electrical energy in the
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production processes [7]. This interruption could be due to the presence of failures that inhibit the continuity
and reliability of the electrical energy service. A possible cause of fault in the electrical power system with
permanent damages in the primary electrical equipment is the occurrence of the catastrophic phenomenon.
The presence of this phenomenon is directly associated with the grounding scheme of the electrical power
equipment [8-9]. At the moment, in some electrical power plants only one neutral is connected to ground.
When a fault appears, the protection relays operate in order to release the fault and leaving the system
temporarily without ground reference. As a practical solution to keep away from the presence of overvoltage
by catastrophic scenario, a hybrid neutral grounding scheme is used with the target of avoiding the power
system could be floated during stationary and fault operation of the electrical power system in industrial
company. Hybrid neutral grounding consists on an implementation of high resistance grounding in parallel
with the low resistance scheme on each of the electrical generators [10].

The goal of this study is to investigate the reliability of electrical transmission and distribution systems used
in chemical and gas to liquid plants compared to those used in other industrial plants and to develop a model
that can be used to establish the adequacy of the reliability of transmission and distribution power networks in
terms of the components and power network topologies used. It provides an analysis of research on the
occurrence of failures in the electrical system of power plants. Using digital simulation by Electrical
Transient Analyzer Program (ETAP) version 7.5.0 computer software [11] was determined that this
phenomenon appears when the electrical system has major extensions.

2. DESCRIBING EREGLI-I1 ELECTRICAL SUBSTATION

Eregli-11 electrical substation, a substation belonging to Turkish National Electric Grid (TNEG), is the biggest
transformer center of Marmara region in Turkey, with a load flow capacity of 1638 MW per day [12]. It is
located in the north-west region of Turkey. Eregli-1l electrical substation installed electrical generation
capacity was 25 MW before the extension project and it was generally operated in island mode. The system
was only synchronized with TNEG in case of generator failures and generator maintenance periods. One line
diagram of the eregli-11 electrical substation with 25 MW generation capacities is shown in figure 1.
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Fig. 1. One line diagram of the eregli-I1 electrical substation with 25 MW generation capacities

25 MW is generated with four different types of steam turbine driven generators with 5 MW, 5 MW, 5 MW
and 10 MW capacities each. The existing eregli-1l substation electrical generation and distribution systems
are in 13.8 kV and 34.5 kV voltage levels respectively. Two sets of steam turbine driven generators are
connected to TDP-1 and TDP-2 buses. Two separate generation buses (TDP-1 and TDP-2) with 13.8 kV
voltage level are the main load supply centers of the eregli-1l substation. Two outgoing feeders from these
generation busses go out to each substation located near the process plants. Switchgears in substations are
designed with a dual radial supply from 13.8 kV generation busses and automatic transfer between left and
right hand separate busses. Switchgears, except last wind power plant (plant TG-1), are supplied through
13.8/0.4 kV transformers and as seen in figure 1. Wind power plant is supplied directly from the 13.8 kV
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generation busses (TDP-2) due to its very big motors. Two 13.8 kV generation switchgears and national grid
are synchronized in the 34.5 kV main distribution centers (TT-2) located in eregli-1l electrical substation
entry. This paper deals with the effects of these major modifications, extensions and revisions due to the
additional electric generation and new loads on the project phases and aims to help make decisions for
possible solutions.

3. DETECTION STRATEGIC EXTENSION CAPACITY OF ELECTRICAL SYSTEM

In order to meet 30 MW electrical power demand of the new plant, NES-2, and to support the existing plant’s
requirement in case of the failure of one or more steam turbine driven generators, one gas turbine driven
generator with 40 MW generation capacity (NES-3) has been added to the existing electrical power system
with the additions shown in drawing figure 2. The new gas turbine and generator with auxiliaries, heat
recovery steam generator and 13.8kV switchgear have been installed close to the existing power generation
plant. Until 1996, the eregli-11 electrical substation was generally operated in island mode and in case of any
turbine driven generator failure or any maintenance period, the eregli-Il electrical substation was
synchronized with the national grid for certain duration. One line diagram of the eregli-11 electrical substation
after extension capacities is shown in figure 2.
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Fig. 2. One line diagram of the eregli-11 electrical substation after extension capacities

The existing electrical generation capacity and load distribution on the main busses are shown in table 1 and
table 2. It can be seen from these tables that generation capacity was not sufficient to supply the existing
loads in case of any generator trip. Therefore the load shedding system has been implemented in the eregli-Il
electrical substation in order to supply selected loads and plants with remaining generators after shedding pre-
selected loads and transformers. In the light of the conditions above, it, the existing eregli-1I electrical power
system was very weak in terms of operational flexibility and equipment maintainability. The configuration
and weak generation - load ratio caused a couple of partial and general feeder outages during each generator
failures. In addition to the operational risk and adverse environmental effects, economic impact of these
outages was very high, in order to millions of Turkish liras. One of the missing tools of the eregli-1l electrical
substation was the SCADA system [13]. The existing electrical system, 13.8 kV and 34.5 kV voltage levels
were monitored, operated and controlled manually through conventional control desk by the operators in
power plant control room. It was obvious that there was no real time communication between the control
room equipment, relays or circuit breakers. It was also impossible to evaluate the past events since there was
no alarm history or variable trend. Due to the new process plant’s NES-2/NES-3, electrical energy demand,
studies showed the need to add new generation unit to the existing electrical generation capacity through the
secondary medium voltage level and redistribute the loads between generators in order to improve energy
continuity, reliability and operational flexibility.
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Table 1. Eregli-11 substation generation, distribution and transmission line import power capacities.

Transmission, Generation and Distribution Capacities

NES - | 35 MW Transmission capacity 380 kV TNEG
NES - Il 35 MW Transmission capacity 380 kV TNEG
Gl 5 MW . . System 1
Generation Capacity

G2 5 MW Generation Capacity System 2
Generation Capacity

G3 5 MW System 2
Generation Capacity

G4 10 MW System 1
Generation Capacity

G5 20 MW System 3 (New)

T4 50 MVA Main Transformer System 1

T7 50 MVA Main Transformer System 2

T8 100 MVA Main Transformer System 3 (New)

Table I1. Load distribution data in main switchgears.

Eregli-11 Substation Loads Active Power (MW) Reactive Power (MVar)
TDP -1 143.551 15.220
Existing Loads TDP-2 145.025 19.440
TDP -3 149.652 17.250
NES -2 590.087 45.480
New Loads
NES -3 610.244 48.670
Eregli-11 Electrical Substation Total Load 1638.559 146.060

In order to meet the reliable and continuous electrical power demand of the new process plants NES-2/NES-
3, an extensive upgrade of the whole eregli-1l electrical substation was made together with additions,
revisions and modifications. The eregli-11 electrical substation extension includes a new power generation
unit, control, automation and SCADA systems plus redistribution of the load. The reason for the extension of
the eregli-1l electrical substation was as mentioned before the addition of new process plant named NES-
2/NES-3. With this project, the gasoline sulphur content quantity was reduced to the European Community
Standard [14] sulfur level. The upgrade of the eregli-1l electrical substation was carried out through
engineering, equipment ordering, installation, testing and commissioning phases and fully concluded in two
and a half years.

4. POWER SYSTEM CONFIGURATION FOR STRATEGIC EXTENSION CAPACITY

Before the eregli-1l electrical power substation extension, the following studies, controls and checks were
developed in order to satisfy the requirements of electrical system reliability, continuity and operational
flexibility that permit to minimize the potential risks of plant and equipment supply failures, abnormal
voltage drops and to limit short circuit current with respect to the existing equipment endurance. The
principal studies consist of four fundamental subjects such as; design criteria, short circuit current withstand
capacity check, protective device coordination principles and relay characteristics and equations.
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4.1. Design Criteria

One of the main design criteria of the electrical power system is the provision of the new and existing process
plant loads’ supply during normal operation and largest power source failures. The available eregli-I
electrical substation generation and national grid capacities are compared with process plants needs and as it
is seen that after the new gas turbine and new NES-2/NES-3 plant additions, eregli-1l electrical power
substation safety is has increased to “N - 1” level. Since, the total generation capacity plus the national grid
connection capacity is only sufficient to meet the eregli-11 substation plant loads in case of the failure of the
largest electrical energy source. When the second largest source in addition to the first largest source is out of
service, the remaining eregli-11 substation electric generation capacity is not able to supply the loads, and the
load shedding will start and continue until the source and load balance is achieved.

4.2. Short Circuit Current Withstand Capacity Check

The installation of the new generation system caused an increase of the short circuit currents in the remaining
existing electrical power system. The only concern point is the primary distribution level 34.5 kV main
substation TT-2, which increases the short circuit current level from 12.9 kA to 17.4 kA exceeding its rated
value of 16 kA. For the novel electrical power system, NES-2 feeder area and NES-3 feeder area, the
equipment will be sized according to these short circuit current results. In order to reduce the short circuit
current at TT-2 substation, two options have been evaluated.

e Installation of 34.5 kV short current limiting reactors in series with the interconnection cables
between main substation TT-2 and the primaries of the main transformers at the new TDP-3 (Co-
generation plant).

e Installation of 34.5 kV short current limiting reactors in series with the overhead lines that
interconnects TT-2 with TNEG substations (Utility).

The aim of both options is to limit the short circuit current at 34.5 kV level. To eliminate exceeding
short circuit currents at existing substations, it is necessary to replace the existing 13.8/0.4 kV
transformers with ones with higher impedance, or to replace the switchgears / motor control centers
with higher short circuit current withstand capacity ones.

e  Evaluation of short circuit current limiter reactors between TT-2 and new NES-3:

With reference to table 1, this option implies the usage of at least 7 ohms reactors in series with the
interconnection cables between main substation TT-2 and the primaries of the 100 MVA
transformers at the new NES-3. This option reduces the short circuit current at TT-2 system, from
34.8 kA to 30.4 kA, which is below the rated value. However, using this magnitude of impedance in
series with cable interconnection and taking into account the maximum load current to be expected
(100 MVA transformers). It will cause a large voltage drop which will need to be compensated with
transformers on load tap changers. This was verified with load flow study. Additionally, potential
stability problems may be expected due to the large impedance between old and new electrical
power systems. This needs to be evaluated with another separate study. Due to these technical
reasons, this option will not applicable.

e  Evaluation of short circuit current limiter reactors between TT-2 and new NES-2:

With reference to table 1, this option implies the usage of 2 ohms reactors in series with the
overhead lines that interconnected the refinery main 34.5 kV substation TT-2 with NES-2
substation. These reactors will be installed at the incoming of the transmission lines into TT-2. This
option reduces the short circuit current at TT-2/NES-2 system from 17.4 kA to 13.4 kA, which is
below the rated withstand current. Taking into account the maximum load current that can flow
through the overhead lines (35 MW per line / 70 MW total); the preliminary load flow studies
indicate that no problem should be expected. Therefore, this option is the recommended and
applicable solution to limit the maximum short circuit current at eregli-Il substation existing
electrical power system.

4.3. Protective Device Coordination Principles

Protection against excess current was naturally the earliest protection system to evolve. From this basic
principle, the graded overcurrent system, a discriminative fault protection, has been developed. This should
not be confused with ‘overload’ protection, which normally makes use of relays that operate in a time related
in some degree to the thermal capability of the plant to be protected. Overcurrent protection is directed
entirely to the clearance of faults, although with the settings usually adopted some measure of overload
protection may be obtained. Correct overcurrent relay application requires knowledge of the fault current that
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can flow in each part of the electrical power system. Since large-scale tests are normally impracticable,
system analysis must be used. The data required for a relay setting study are;

One-line diagram of the power system involved, showing the type and rating of the protection
devices and their associated current transformers,

Impedances in ohms, per cent or per unit, of all power transformers, rotating machine and feeder
circuits,

Maximum and minimum values of short circuit currents that are expected to flow through each
protection device,

Maximum load current through protection devices,

Starting current requirements of motors and starting and locked rotor/stalling times of induction
motors,

Power transformer inrush, thermal withstand and damage characteristics,
Decrement curves showing the rate of decay of the fault current supplied by the generators,

Performance curves of the current transformers.

The relay settings are first determined to give the shortest operating times at maximum fault levels and then
checked to see if operation will also be satisfactory at the minimum fault current expected. It is always
advisable to plot the curves of relays and other protection devices, such as fuses, that are to operate in series,
on a common scale. It is usually more convenient to use a scale corresponding to the current expected at the
lowest voltage base, or to use the predominant voltage base. The alternatives are a common MVA base or a
separate current scale for each system voltage. The basic rules for correct relay co-ordination can generally be
stated as follows:

Whenever possible, use relays with the same operating characteristic in series with each other,

Make sure that the relay farthest from the source has current settings equal to or less than the relays
behind it, that is, that the primary current required operating the relay in front is always equal to or
less than the primary current required operating the relay behind it.

4.4. Relay Characteristics and Equations

The current / time tripping characteristics of relays may need to be varied according to the tripping time
required and the characteristics of other protection devices used in the electrical power system. For these
purposes, IEC 60255 [15] defines a number of standard characteristics as follows;

Standard Inverse (SI),
Very Inverse (V1),
Extremely Inverse (El),

Definite Time (DT),

IEEE C37.112-1996 (North American standard) [16] defines a number of standard characteristics as follows;

IEEE Moderately Inverse,
IEEE Very Inverse,
Extremely Inverse (El),

US CO8 Inverse,

US CO2 Short Time Inverse,

The relay characteristics and equations according to IEC 60255 standards are shown in table 3. In table 3;
Ie=(l/ls), where Is is relay setting current, TMS is time multiplier setting. Typical time/current relay
characteristics according to IEC 60255 standard shows in figure 3.
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Table I11. Relay characteristics and equations according to IEC 60255 standard.

Relay Characteristic Equation

Standard Inverse (SI) £ = TMs.( 0.14 )
(002

r
Very Inverse (VI)
135
t=TMS.(—)

Extremely Inverse (EI) r -t

80
t=TMS.(——)
|

r

Definite Time (DT)
120
t = TMS.(

)

I -1

100000

o000 %Y

10.00
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a.ra
I

oo

1o
Current (multiples of 15] TMS = 1.0
Fig. 3. Typical time / current relay characteristics according to IEC 60255 standard

The relay characteristics and equations according to IEEE C37.112-1996 standards are shown in table 4. In

table 4; 1r=(l/ls), where Is is relay setting current, TD is time dial setting. Typical time/current relay
characteristics according to IEEE CS.112-1996 standard shows in figure 4.
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Table IV. Relay characteristics and equations according to IEEE CS.112-1996 standard.

Relay Characteristic Equation
D 0.0515
t=—19 (—5— 002 )+0114
IEEE Moderately Inverse 7
D
t=— ( ) +0.491
IEEE Very Inverse 7
TD
t ——{( > )+01217
IEEE Extremely Inverse 7 r
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t=— {( ) +0.18
US CO8 Inverse !
TD 0.02394
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Fig. 4. Typical time / current relay characteristics according to IEEE CS.112-1996 standard

Although the curves are only shown for discrete values of TMS, continuous adjustment may be possible in an
electromechanical relay. For other relay types, the setting steps may be so small as to effectively provide
continuous adjustment. In addition, almost all overcurrent relays are also fitted with a high set instantaneous
element. In most cases, use of the standard Sl curve proves satisfactory, but if satisfactory grading cannot be
achieved, use of the VI or EI curves may help to resolve the problem. When digital or numeric relays are
used, other characteristics may be provided, including the possibility of user-definable curves.
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5. ELECTRICAL POWER SYSTEM ANALYSIS

5.1. Relay Coordination Analysis

In this analysis, an appropriate time setting is given to each of the relays controlling the circuit breakers in a
power system to ensure that the breaker nearest to the fault opens first. One line diagram of a new extension
radial electrical power system in eregli-1l substation is illustrated in figure 5, to exhibit the principle. In the
case of discrimination by time alone, the disadvantage is due to the fact that the more severe faults are cleared
in the longest operating time. On the other hand, discrimination by current can be applied only where there is
appreciable impedance between the two circuit breakers concerned. It is because of the limitations imposed
by the independent use of either time or current co-ordination that the inverse time overcurrent relay
characteristic has evolved. With this characteristic, the time of operation is inversely proportional to the fault
current level and the actual characteristic is a function of both ‘time’ and ‘current' settings. For a large
variation in fault current between the two ends of the feeder, faster operating times can be achieved by the
relays nearest to the source, where the fault level is the highest. The disadvantages of grading by time or
current alone are overcome.

The selection of overcurrent relay characteristics generally starts with selection of the correct characteristic to
be used for each relay, followed by choice of the relay current settings. Finally the grading margins and hence
time settings of the relays are determined. An iterative procedure is often required to resolve conflicts, and
may involve use of non-optimal characteristics, current or time grading settings. Overcurrent protection is
provided at TBS-6, TBS-7, BUS-A, BUS-B and TT-2, that is, at the indeed end of each section of the
electrical power system. Each protection unit comprises a definite-time delay overcurrent relay in which the
operation of the current sensitive element simply initiates the time delay element. The overcurrent relay is
sometimes described as an ‘independent definite-time delay relay’, since its operating time is for practical
purposes independent of the level of overcurrent. It is the time delay element, therefore, which provides the
means of discrimination. Time/current relay characteristics protection scheme with relay coordination for a
new radial electrical power system in eregli-11 substation shows in figure 6.
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Fig. 5. One line diagram of a new extension radial electrical power system in eregli-11 substation
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Fig. 6. Time/current relay characteristics protection scheme for a new radial electrical power system in eregli-11 substation

The relay at TBS-7 is set at the shortest time delay possible to allow the fuse to blow for a fault at TBS-8 and
TBS-9 on the secondary side of the transformer. After the time delay has expired, the relay output contact
closes to trip the circuit breaker. The relay at BUS-B has a time delay setting equal to t1 seconds, and
similarly for the relays at, BUS-A and TT-2. If a fault occurs at TBS-8 and TBS-9, the relay at K09-B will
operate in t seconds and the subsequent operation of the circuit breaker at TBS-7 will clear the fault before
the relays at K09-A, BUS-A and TT-2 have time to operate. The time interval t1 between each relay time
setting must be long enough to ensure that the upstream relays do not operate before the circuit breaker at the
fault location has tripped and cleared the fault. Protective device coordination begins at load level and
continues toward the TNEG buses. The greatest load feeder at the motor control center or distribution
switchgear determines the critical coordination point with the upstream protective devices.

If this NES-2/NES-3 feeder, with the highest trip range, coordinates with the devices upstream, then the other
load feeders at NES-1 will also coordinate. The pairs of coordinal relays are established once the chain of
required selectivity is defined for the protection of the system in study. Afterwards the faults spectrum is
determined by means of a system’s short circuit study and with these results selectivity and protection degree
is evaluated in the range of interest. The protective devices to be coordinated are determined once the system
selectivity zones are defined. Protective device time-current curves and equipment thermal limit curves allow
the designer to check the protection offered to transformers, motors and other system components. In the
quest of maximum selectivity and protection, the designer could face conflictive situations that would lead to
sacrifice one (or more) of the objectives. For each one of these cases, engineering practical criteria prevails;
however, protection prevails over selectivity.

5.2. Load Flow Analysis

The subject of this study is to show the load flow studies, which were performed to evaluate the power flows
and voltage profiles on the different feeders and busses at eregli-1l electrical power substation, in order to
verify the design adequacy of the new generation plant, NES-2/NES-3 plant, and the impact over existing
electrical power system. Due to many supply sources, five generators and two incoming lines from national
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grid, there are several operational modes that need to be evaluated. But in this study, the real operative modes
under which the eregli-1l electrical substation can operate with complete electrical load are going to be
evaluated. Operational modes extend over all probable operational conditions that can appear in the electrical
power system, overlooking the relationship between generation and load or any component overload. Because
of this, several cases cannot operate with normal loading and will require load reduction or load shedding.

Operative modes to be evaluated are the ones to be compared the generation and load limit capabilities of the
extended electrical power system without unnecessary load shedding. This means that electrical power
system can be operated with normal loading. Operative modes are the ones to be included in the cases or
scenarios evaluated in load flow analysis. Remaining states will be evaluated in load shedding study or/and in
the transient stability study. In order to select the no-load tap changer position, verify the transformers and
feeders loading and obtain the voltage profile under different scenarios, the following permissible values are
used as limits.

Voltage drop: Permissible values for voltage drop analysis are selected according to IEEE. These values are
as follows:

e Normal operation: Busbars; 2%, motors between busbar and motor terminal; 3%, feeders and sub-
feeders between busbar and final element; 1%.

e  Motor starting operation: Busbars; 15%, motors, at motor terminals; 20%.
Loading limits: These values are as follows:

e Transformers: In the new substations, transformers are loaded at 75% of their rated capacity. For
double-ended substations, each transformer shall also satisfy the loading above.

e Busbars busbar ducts: Switchgear and motor control centre busbars in the new substation are
sized at 125% of the maximum load. This means loaded at 80% of their rated capacity during
maximum loading condition. The loading is same for busbar ducts.

e  Feeder cables: Feeder cables are sized at 125% of maximum loading condition.

Evaluation of electrical generation - load relationship: In order to obtain the operative cases it is necessary
to perform a preliminary evolution of the electrical power generation/load relationship. This evaluation
covers both the existing and the new eregli-1l electrical power substation. Following is shown this
preliminary evolution, which takes into account the refinery limits for generation and import from national
grid, load for different sub-systems and most important generation import scenarios. Based in power sources
and consumed loads shown on table 1 and table 2, the following scenarios are generated for load flow
analysis. The sceneries reflect the worst cases in order to perform the equipment evaluation and also to select
the transformer tap changers. Load flow analysis only deals with operative cases where generation is equal or
greater than eregli-11 substation electrical power consumption loads.

Applicable operative modes:

e Scenario 1: All five generators and two national grid connected lines are in service, eregli-11
substation load 40.32 MW.

e Scenario 2: Eregli-Il substation isolated from national grid (island mode), generator G3 in system 2
is out of service, refinery load 40.32 MW.

e Scenario 3: Eregli-1l substation parallel with national grid through two lines, no generation in
system 3 (G5 is out of service) and generators G1, G3 are out of service in system 1 and system 2,
eregli-1l substation load 40.32 MW.

e Scenario 4: Eregli-1l substation parallel with national grid through one line and generators G2, G3,
G4 are out of service in system 1 and system 2, eregli-I1 substation load 40.32 MW.

e Scenario 5: Eregli-1l substation parallel with national grid through one line and generator G4 is out
of service in system 1. System 3 is isolated, eregli-11 substation load 40.32 MW.

Analysis of results: Reports of load flow analysis done for each of these scenarios above are summarized as
follows:

e Transformer taps: No-load tap changers in transformers associated with the new and existing
electrical power systems need to be set. But, 34.5/0.4 kV main transformers tap changers which are
on-load type are automatically changed in order to maintain the voltage at buses at rated level.

e Transformer loading: To determine transformer loading, double-ended substations are evaluated
under transferred load condition. That is, one transformer supplies all load.
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e Switchgear, BUS-B and bus-bars loading: Maximum loading of any circuit breaker on 13,8 kV
switchgear K09-B and 34.5 kV switchgear TR-6 will depend on generator loading in the electrical
power system. For other switchgears, TBS-7 and busbars, loading is estimated in the same way with
the transformer loading.

e Voltage profile: Voltage profiles for several buses at refinery electrical power system and
applicable operative scenarios indicated above satisfy the acceptable voltage drop requirements.

e  Feeders loading: Feeder loading in new system 3 is estimated in the same way that the transformer
loading. This is, with double-ended substation. Like transformers, loading is independent of
generating capacity. Therefore only one scenario (scenario 2) is evaluated and the calculation
showed that feeders in the new system 3 are loaded at less than %80 of their rated capacity.

5.3. Motor Operating Condition Analysis

The aim of this study is to evaluate the impact of the direct on-line starting of large motor to be installed in
NES-2/NES-3 units over the different busses at eregli-Il electrical substation. Operational states cover all
probable operational conditions that can appear in the electrical power system, overlooking the relationship
between generation and load or any component overload. Operational modes are selected so that, during the
biggest motor direct on-line starting, voltage drop will be within the permissible limits on the busses of
electrical power system and motor terminals. Therefore, the direct on-line starting of three 13.8 kV
compressor motors with 5300 kW rated power are analysis for the worst operation modes. This scenario
represents the worst operational scenario from motor starting point of view.

Scenario a: One of the selected worst-operation modes is that 50 MVVA main transformer in service and new
generator G5 is out of service. The scenario has the following operational conditions.

e  Switchgear BUS-B is fed through only one 50 MV A transformers and G5 is out of service.
e Both lines from national grid are in service.

e 3 generators G2, G3 and G4 are in service.

e  System 1 and system 2 with both main transformers are in service.

e TG-1is fed from only one feeder of TT-1.

Scenario b: The other selected operation mode is system 3 isolated from TNEG buses. In this scenario, new
generator G5 is the only electrical source in system 3, with no interconnection with the remaining of the
electrical power system. In order to obtain more conservative results, evaluation is done without considering
the fast response of generator voltage regulator, which tries to maintain the rated voltage in generator
terminals. That is, exciter maintained the pre-starting set point. But, in real operations, the generator voltage
regulator adjusts the generator terminal voltage to the rated one in a few cycles. Therefore, voltage drop is
softer. For this evaluation, the following considerations have been taken;

e In normal operation (pre-starting) two motors are in service and the third one in spare.
e  Starting motor evaluation will consider the starting of the third motor.

e  Generation - load relationship shall permit the pre starting + post starting operation (with three
motors in service). Percentage voltage drops permissible limits during direct on-line motor starting
operation are shown in table 5.
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Table V. Percentage voltage drops permissible limits during direct online motor starting operation.

Buses Rated voltage (kV) Scenario a (V pu) Scenario b (V pu)
TT-1 345 0.9586 -

TG-1 345 0.9433 -

TG-2 13.8 0.9589 -

TG-3 13.8 0.9646 -
TBS-1 13.8 0.8770 0.9134
TBS-2 13.8 0.8770 0.9107
TBS-3 13.8 0.8736 0.9128
BUS-A 13.8 0.8511 0.8931
BUS-B 13.8 0.8523 0.8942

Motor operating condition analysis show that;

e Voltage drops in the electrical power system are satisfactory for different operative scenarios and
motors under analysis.

e  All large medium voltage motors are able to start the mechanical load coupled to them for the worst
operative scenarios under which they are supposed to operate.

e Before proceeding to start the largest synchronous motor (5300 kW) in new system 3, voltage in
BUS-B shall be between 1.005 to 1.010 pu (11055 V to 11100 V per unit), in order to guarantee the
appropriate voltage profile for the downstream substation busses during and immediately after
motor starting.

e To start the third 5300 kW synchronous motor with the worst operation mode defined above is
essential because of continues plant operation in case of any maintenance requirement need in one
of the running motors.

6. CONCLUSIONS

The extension of eregli-11 electrical power substation has been performed in accordance with the principles of
reliability, operational flexibility and equipment maintainability. The short circuit current, voltage drop
calculations, relay coordination analysis, load flow analysis and motor starting results in accordance with
applicable operation modes show that extension of the existing electrical power system is correctly sized to
fully satisfy design requirements related with withstand equipment capacities, voltage profile, thermal ratings.
As a general conclusion, after the detailed evaluation of the extended eregli-1l electrical power substation
studies and analysis show that selected configuration, the size of generator capacity and the electrical power
equipment used between sources and loads are adequately sized to maintain the extended electrical power
system operation stabile during normal and contingency operations.
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Abstract

Voltage distortion is one thing that is not needed in the power system network both by the power supply
company and the consumer. Efforts have been made by researchers to reduce occurrence of outage in any
given power system to the barest minimum. This study presents another sincere contribution made in the
form of minimization of electrical power system voltage distortion using the fuzzy logic controller. The
different kinds of faults which take place in the research area (BEDAS electrical distribution network)
were determined, the nature of outages in the research area was also determined. The research area was
modeled using the *““Simscape Power System” of the MATLAB/Simulink software. Then an effective
monitoring system was modeled using fuzzy logic controller designed in Simulink. The effect of the fault
monitoring was demonstrated using same software and results compared. Simulation results show that
the fuzzy inference system effectively captured the fault condition and went into the appropriate output
logic state within the normal simulated time for alarm.

Keywords: Fuzzy Logic Controller, Minimization, Power Distortion, MATLAB/Simulink Software.

1. INTRODUCTION

The purpose of an electrical power system is to generate and supply electrical energy to consumers. To ensure
this, the system should be designed and managed to deliver this energy to the point of utilization with both
reliability and economy. It is not possible however, to attain perfect level of continuity of service in power
supply due to faults and abnormal conditions associated with the power system network. When any
engineering system does not perform as required, the system has failed. Thus reliability depends on how well
a system does not fail. Faults that occur in the power system are mainly human and/or natural. Wrong
operation due to human error, accidents resulting from vehicles hitting electric poles or contacting live
equipment, digging into underground cables etc. are all human causes that can lead to system faults [1].
However, natural events like lightning, wind, fire, physical contact by animals and contamination as well as
equipment failure, corrosion wear and tear all result from natural faults. They cannot be completely avoided
in any power system network but can be minimized by way of high design precision and maintenance or
operational culture.

Faults are defects in electrical circuits. Faults can be caused due to imbalances in the three phases supplied
which can result to excessive supply and can damage installation through which the fault current is fed [2].
Since fault currents are sometimes greater than the normal currents, the faulty and associated part get
damaged thereby defeating the aim of the power network. The extent of damage is minimized by rapid fault
clearing. Abnormal operating conditions of which also include: overloads, loss of synchronism, under
voltage, over voltage, under frequency, reversal of direction of power flow, poor power factor, voltage
swings, current swings, temperature rise, lightning, switching surges of transient duration [3]. During
abnormal operating conditions such as above, electrical equipment and plant are overstressed and are likely to
fail. Hence each equipment and plant is provided with protective systems.

* Corresponding author. Tel.: +90 372-291-2617.
E-mail address: nihatpamuk@beun.edu.tr (N. Pamuk).
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The electric power system is a very large capital investment. To maximize the return on this outlay, the
system must be loaded as much as possible and kept in full operation continuously so that it may give the best
service to the consumer and earn more revenue for the supply authority. When the system is large, the chance
of a fault occurring and disturbance that a fault will bring are both so great that without equipment to remove
faults the system will become bad. The greatest threat to the security of a supply system is the short circuit,
which imposes a sudden and sometimes violent change on system operation. The large current which always
follows, accompanied by the localized release of a considerable quantity of energy, can cause fire at the fault
location and mechanical damage throughout the system particularly to machines and transformer windings.
Rapid isolation of the fault by the nearest switchgear will minimize the damage and disruption caused to the
system. Short circuit fault occurs due to breakdown in insulation between phases or in the insulation of
current carrying phase conductors relative to earth [4]. Short circuit faults in three phase alternating current
power circuits occur as follows:

e  Single phase to ground

e  Two phases to ground

e  Phase to phase and third phase to ground
e  All the three phases to ground

e All the three phases short-circuited.

The installation of switchgears alone is not sufficient but discriminative protective gears designed according
to the characteristics and requirements of the power system must be provided to control the switchgear. This
is so because a system is not properly designed and managed if it is not adequately protected. The
conventional protective devices-fuses, circuit breakers, instrument transformers, relays are normally deployed
in the entire power system network to detect and clear faults in a highly organized protective scheme. They
are usually located well enough to supervise fault regions for rapid fault detection and removal. This research
work seeks to design a fuzzy logic controller that will assist in the isolation of faulty region and hence
minimize load failure in the power system network. A lot has been done in the past with regard to electrical
faults, failures in the power system network, system stability and continuity of service etc. This research,
however, seeks to introduce the idea of designing and connecting the fuzzy logic controller at the feeder links
to assist conventional protective installation in minimizing blackouts occasioned by power failure. This study
deployed three basic methods of analysis as follows:

e  Least square method of fault detection; he found that fast fault detection can be achieved based on
monitoring the current magnitude. However, he observed that energy of a capacitor or a transformer
were also (falsely) detected as faults.

e  Fault detection with a deferential equation method. Electrical fault is possible to distinguish a fault
in the 13.8 kV systems from a fault in the 0.4 kV and the 170 kV systems by measuring the voltage
and current at a single location. However, also for this algorithm, capacitor and transformer energy
were falsely detected as faults.

e  Fault detection based on instantaneous current values. Current graph simulations showed that it was
possible to select trigger levels so that fault detection was possible within 1 ms and so that faults at
the 170 kV level did not produce a trip signal. Furthermore, capacitor and transformer energy were
simulated. None of that energy produced a false trip.

The application of the least square method and the deferential equation method gave a result that it is possible
to use them for fast fault detection at least in the simplified system [5]. However, since both capacitor and
transformer energy was falsely detected as faults, the methods are severely limited. The instantaneous current
method however, was able to detect a fault within 1 ms from fault inception and to discriminate a fault from
capacitor and transformer energy. This study made use of Simscape Power System toolbox in MATLAB -
Simulink software to simulate the faults and generate the fault waveforms. Simscape Power System was
designed to provide a modern design tool that allows scientists and engineers to rapidly and easily build
models that simulate power systems. Simscape Power System uses the Simulink environment, allowing you
to build a model using simple click and drag procedures. Simscape Power System share a special physical
modeling block and connection line interface [6]. The simplified power network model was used for the
design and evaluation of neural network based fault classification algorithm. Also every time the system is
updated or modified, the modeling has to be done again.

The Neural Network based fault classifier only needs to be trained with appropriate examples to learn the
correct classification. Also this system is adaptive to changes in the system. The number of features and the
type of features used to train the network greatly determines the efficiency with which faults are correctly
classified. It was found that generally the fault type classification is more accurate if the number of features
used is greater. Also it was found that line currents are sufficient to provide the Neural Network with enough
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information to classify fault type. The hardware implementation of this type of fault classifier is also simple
and is a very good option to consider when upgrading presently used methods for determining fault type and
fault location. A MATLAB program was written to efficiently and accurately perform the many calculations
for analysis of all options considered. A fault study was done for the final solution to show the system
exposure to voltage and current during typical fault events.

2. VOLTAGE DISTORTION DESIGN AND IMPLEMENTATION

Fuzzy logic allows a convenient way to incorporate the knowledge of human experts into the expert systems
using qualitative and natural language-like expressions. Recent advances in the field of fuzzy systems and a
number of successful real-world applications in power systems show that logic can be efficiently applied to
deal with imprecision, ambiguity and probabilistic information in input data. Fuzzy logic based systems with
their capability to deal with incomplete information, imprecision, and incorporation of qualitative knowledge
have shown great potential for application in electric system fault detection. The flowchart algorithm of this
study is shown in figure 1. The three phase currents and voltages were collected by connecting the lines as
fuzzy reference signals to the fuzzy machine. Data collected is adequate as it is available for analysis.

‘ The input (current) was fuzzified by the fuzzy inference engine |
v

‘ Three phase r.m.s currents and voltages are collected H | The rules for the conditions are written Pi

)

‘Three phaserm s post faultcurrents and voltages are Collemed‘

2

‘ Collected data are loaded into the matlab workspace ‘

Enough rules for efficient
difuzzification ?

Enough data for fuzzy
inference engine?

| QOutput is defuzzified |

v

| Qutput condition is generated ‘

Fig. 1. Flowchart algorithm for fuzzy controller design

Data s Stored for the fuzzy membership function design

The ideas behind fuzzy logic have been around since 1965 when they were introduced by Lofti A. Zadeh.
Fuzzy logic, however, has not been widely used since 1965; it has only gained popularity in the last 20 years,
meaning that there are many new applications of fuzzy logic [7]. In a traditional bivalent logic system an
object is either or not a member to the set of variables. In the fuzzy sets, the function that determines this
degree of membership is called the fuzzy membership function. The idea of fuzzy sets is that the members are
not restricted to true or false definitions. A member in a fuzzy set has a degree of membership to the set. For
example, the set of fault condition values can be classified using a bivalent set as either No Problem (No trip)
or Imminent Problem (Trip). This would require some cut-off value where the threshold of the fault current
setting determines whether the system trips or not. If the cut-off point is set at 200 As (ampere seconds) for
instance, then this set does not differentiate between a no-fault current of 80 As and a fault current of 190 As.
They are both not faulting currents. If a fuzzy set were to be used in this situation each member of the set, or
each current value, would have a degree of membership to the set of fault condition. The function that
determines this degree of membership is called the fuzzy membership function. There are countless different
membership function topologies that can be used; the most common are triangular, Gaussian and sigmoidal.
This function is a sigmoidal function. The attributes of the membership function can be modified based on the
desired input [8].

3. FUZZY INFERENCE SYSTEMS AND LOGIC CONTROLLER

Fuzzy inference is the process of formulating the mapping from a given input to an output using fuzzy logic.
The mapping then provides a basis from which decisions can be made, or patterns discerned. Information
flows from left to right, from two or more inputs to a single output. The parallel nature of the rules is one of
the more important aspects of fuzzy logic systems. Instead of sharp switching between modes based on
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breakpoints, logic flows smoothly from regions where the system's behavior is dominated by either one rule
or another. There are two types of fuzzy inference systems in the toolbox such as, Mamdani and Sugeno.
These two types of inference systems vary somewhat in the way outputs are determined. Mamdani's fuzzy
inference method is the most commonly seen fuzzy methodology. Mamdani's method was among the first
control systems built using fuzzy set theory. It was proposed in 1975 by Ebrahim Mamdani [9] as an attempt
to control a steam engine and boiler combination by synthesizing a set of linguistic control rules obtained
from experienced human operators. Mamdani's effort was based on a paper on fuzzy algorithms for complex
systems and decision processes. Although the inference process described in the next few sections differs
somewhat from the methods described in the original paper, the basic idea is much the same. Mamdani-type
inference, as defined for the toolbox, expects the output membership functions to be fuzzy sets. After the
aggregation process, there is a fuzzy set for each output variable that needs de-fuzzification. It is possible, and
in many cases much more efficient, to use a single spike as the output membership functions rather than a
distributed fuzzy set. This type of output is sometimes known as a singleton output membership function, and
it can be thought of as a pre-de-fuzzified fuzzy set. It enhances the efficiency of the de-fuzzification process
because it greatly simplifies the computation required by the more general Mamdani method, which finds the
centroid of a two dimensional functions. Rather than integrating across the two-dimensional function to find
the centroid, you use the weighted average of a few data points. Sugeno-type systems are used to model any
inference system in which the output membership functions are either linear or constant [10]. Fuzzy model
rules set for BEDAS fault monitoring is shown in figure 2.

If {la is Low) and (Il is Low) and (lc is Low) then (condition is NoProblem} (1) -
If (la is Low)} and (lb is Low )} and (lc is Medium} then {condition is Caution} (1)

If (la is Low)} and (lb is Medium)} and (lc is High} then (condition is ImminentProblem) (1)

If {la is Low) and (b is Medium)} and (lc is Low) then (condition is Caution) (1)

If (la is Medium) and (b is High} and (lc is Medium) then (condition is ImminentProblem) (1}
If {la is= Medium} and (lb is High) and (lc is High} then {(condition is ImminentProblem) (1)

If (la i= Medium)} and (It is Low) and (lc is Low) then {condition is Caution} (1)

. If (la i= Medium} and (lb iz Low} and (lc i Medium} then (condition is Caution) (1)

9. If (la is High) and (b is Medium) and (lc is High) then (condition is ImminentProblem}) (1)
10. If (la is High} and (b is Medium} and (lc is Low ) then (condition is ImminentProblem) (1}
11. If {la i= High) and (lb is High} and (lc is Medium} then (condition is ImminentProblem} (1)
12. If (la i= High) and (lb is High} and (lc is High) then (condition is ImminentProblem) (1)
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Fig. 2. Fuzzy model rules set for BEDAS

Fuzzy inference process comprises five steps [11].
e  Fuzzification of the input variables
e  Application of the fuzzy operator (AND or OR) in the antecedent
e Implication from the antecedent to the consequent
e  Aggregation of the consequents across the rules
e  Defuzzification

A fuzzy inference diagram displays all parts of the fuzzy inference process from fuzzification through
defuzzification.

Step 1: Fuzzification Inputs

The first step is to take the inputs and determine the degree to which they belong to each of the appropriate
fuzzy sets via membership functions. In Fuzzy Logic Toolbox software, the input is always a crisp numerical
value limited to the universe of discourse of the input variable (in this case the interval between 0 and 300)
and the output is a fuzzy degree of membership in the qualifying linguistic set (always the interval between 0
and 1) [12]. Fuzzification of the input amounts to either a table lookup or a function evaluation. The inference
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system used for Eregli substation is built on three rules, and each of the rules depends on resolving the inputs
into a number of different fuzzy linguistic sets: current is low, medium or high.

Step 2: Apply Fuzzy Operator

After the inputs are fuzzified, each part of the antecedent is satisfied for each rule. If the antecedent of a given
rule has more than one part, the fuzzy operator is applied to obtain one number that represents the result of
the antecedent for that rule. This number is then applied to the output function. The input to the fuzzy
operator is two or more membership values from fuzzified input variables. The output is a single truth value.
In the toolbox, two built-in AND methods are supported: minimum and product. Two built-in OR methods
are also supported: maximum and the probabilistic OR method.

Step 3: Apply Implication Method

Before applying the implication method, | must determine the rule's weight. Every rule has a weight (a
number between 0 and 1), which is applied to the number given by the antecedent. Generally, this weight is 1
and thus has no effect at all on the implication process. After proper weighting has been assigned to each rule,
the implication method is implemented. A consequent is a fuzzy set represented by a membership function,
which weighs appropriately the linguistic characteristics that are attributed to it. The consequent is reshaped
using a function associated with the antecedent (a single number). The input for the implication process is a
single number given by the antecedent, and the output is a fuzzy set. Implication is implemented for each
rule. Two built-in methods are supported, and they are the same functions that are used by the AND method:
minimum, which truncates the output fuzzy set, and prod (product), which scales the output fuzzy set.

Step 4: Aggregate All Outputs

Because decisions are based on the testing of all of the rules in a FIS, the rules must be combined in some
manner in order to make a decision. Aggregation is the process by which the fuzzy sets that represent the
outputs of each rule are combined into a single fuzzy set. Aggregation only occurs once for each output
variable, just prior to the fifth and final step, defuzzification. The input of the aggregation process is the list of
truncated output functions returned by the implication process for each rule. The output of the aggregation
process is one fuzzy set for each output variable. As long as the aggregation method is commutative (which it
always should be), then the order in which the rules are executed is unimportant. Three built-in methods are
supported. These are Maximum, Probabilistic OR and Sum of each rule's output set.

Step 5: Defuzzification

The input for the defuzzification process is a fuzzy set (the aggregate output fuzzy set) and the output is a
single number. As much as fuzziness helps the rule evaluation during the intermediate steps, the final desired
output for each variable is generally a single number. However, the aggregate of a fuzzy set encompasses a
range of output values, and so must be defuzzified in order to resolve a single output value from the set.
Perhaps the most popular defuzzification method is the centroid calculation, which returns the center of area
under the curve. There are five built-in methods supported: centroid, bisector, middle of maximum (the
average of the maximum value of the output set), largest of maximum, and smallest of maximum. Fuzzy
inference system flow process model is shown in figure 3.

FIS Editor

Membership
Function Editor

Lif and then
2.l and then

input 1
]
output [

FIS Editor Flow Process

Rule Viewer Surface Viewer

Fig. 3. Fuzzy inference system flow process model

The basic fuzzy logic control system is composed of a set of input membership functions, a rule based
controller, and a defuzzification process. The fuzzy logic input uses member functions to determine the fuzzy
value of the input. There can be any number of inputs to a fuzzy system and each one of these inputs can have
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several membership functions. The set of membership functions for each input can be manipulated to add
weight to different inputs. The output also has a set of membership functions. These membership functions
define the possible responses and outputs of the system. The fuzzy inference is a rule based controller that
uses if-then statements to relate the input to the desired output [13]. The fuzzy inputs are combined based on
these rules and the degree of membership in each function set. The output membership functions are then
manipulated based on the controller for each rule. Several different rules will usually be used since the inputs
will usually be in more than one membership function. All of the output member functions are then combined
into one aggregate topology. The defuzzification process then chooses the desire finite output from this
aggregate fuzzy set. There are several ways to do this such as weighted averages, centroids, or bisectors [14].
This produces the desired result for the output.

4. ELECTRICAL TEST SYSTEM DESIGN AND IMPLEMENTATION

The fuzzy model for the electrical test system was implemented in MATLAB using the fuzzy logic toolbox.
This toolbox allows for the creation of input membership functions, fuzzy control rules, and output
membership functions [15]. To implement this system in Simulink, the system will need to have three
different inputs: the fault currents of all three phases on each of the individual feeders considered in the
BEDAS electrical power distribution network. These three inputs will then be processed by a fuzzy logic
controller that will output a degree of condition. This degree of condition is then decoded into one of three
possible outputs: No problem, Caution, and Imminent Problem. These input function ranges of fault currents
can now be used in determining the fuzzy membership sets. The fuzzy system will have these three inputs and
one indicating output. The fuzzy system used is the Mamdani system, and the centroid method for
defuzzification. The input membership function for the fault current will have three different membership
functions: low, medium, and high. The range of this function is 0 to 320 Amps for the highest fault current;
these are the possible input values. The low and high membership functions continue on to infinity in either
direction to include any current value out of range. Once all of the input and output membership functions
have been defined the heart of the control can now be defined; the rules. The fuzzy rules are in the form of if-
then statements. These statements look at both inputs and determine the desired output. In this system
increasing voltage and increasing temperature will lead to an imminent problem. A low temperature with a
relatively high voltage will not necessarily be an imminent problem though. The electrical test system design
model is shown in figure 4.
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Fig. 4. The electrical test system design model in Simscape power system of Matlab-Simulink Program

The rules are the defining elements of this system. They determine the output based on the input. Now that
the fuzzy control system has been entirely defined it is exported into the Simulink model. The model includes
some decoding logic that will output different discrete levels for each of the possible outputs. This could
serve as digital input to some other system for control or protection. From figure 4, it is noticed that each tee
off to a community is controlled by a fuzzy controller, if a fault occurs in a given community, the fuzzy
controller monitoring the community will analyze the fault and send signal to operate a circuit breaker
connected to it so that only the community will be isolated. Thus, the outage will be restricted to the
community of fault occurrence.

5. ANALYSIS OF VOLTAGE DISTORTION IN ELECTRICAL TEST SYSTEM

The inputs for this electrical test system have been shown; they are fault current conditions for all different
types of faults simulated from the electrical test system using the model with data gotten from the BEDAS
33KV injection substation. The system can be simulated using this data. This electrical test system results
could be then used to compute probability distribution functions and or send alarm notes to a central
controller. Each outgoing feeder is built with a fuzzy logic controller that implements one of three control
topologies. The analysis result is shown in table 1.
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Table I. Input data for analysis in Simscape power system of Matlab-Simulink Program

Feeder Feeder  Generation Line Maximum System Fuzzy

Name Length Capacity Parameters Loading Frequency Inference

Devrek 47 km 300 kVA 0.002 Q, 6.42 pH 426.34 A 50 Hz Mamdani

Eregli 59 km 300 kVA 0.0083 Q, 1.73 uH 41375 A 50 Hz Mamdani

Caycuma 34 km 2500 kVA  0.0071 Q,2.85uH  3112.59 A 50 Hz Mamdani

Zonguldak 4 km 100 kVA 0.0032 Q,3.02 uH 139.66 A 50 Hz Mamdani

Alaph 69 km 600 kVA 0.0221 Q,5.17 uH 862.13 A 50 Hz Mamdani

The inputs for the simulation are all from fault currents modeled on each of the feeders in the test system. The
outputs of the system will be one of three options, 0, 1, and 2 which represent the possible warning indicators
of the condition of the individual feeders, that is, no problem, caution and imminent problem. A transient
fault was initiated at 0,2 second for a double phase to ground fault lasting for 0,1 second as shown in figure 5.

Transient Fault Graphic in Devrek Feeder

Fig. 5. Transient fault graphic in Devrek distribution feeder

The fuzzy logic controller shows a very efficient way of capturing the transient fault irrespective of the type
of fault involved. At the low level state (less than 0.3); the output condition maps ‘no problem’ to its
defuzzification crisp value. At the high level state (0.5 and above), the output means inception of fault. The
fuzzy sets the ‘imminent problem’ to its defuzzification crisp value. The output of this fuzzy controller can be
interfaced with a circuit breaker capable of isolating the fault region as a modification of the current practice.
This electrical test system can also be interfaced with a protection scheme to sound an alarm and
consequently trip that particular feeder which has been faulted. The inference follows through on fault till that
particular fault is cleared. A closer look on figure 5 buttresses this point. The inference went into the ‘no
problem state’ a few microseconds after 0,3 second; the simulated time for fault clearance. Figure 5 shows
that the fault didn’t clear at exactly 0,3 second but a few microseconds later; the inference captured that
contingency perfectly. Three phase ungrounded fault initiated for 0,1 second on Devrek feeder after Eregli
feeder fault has been cleared. A transient three phase ungrounded fault on Eregli feeder is shown in figure 6.
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Transient Fault Graphic in Eregli Feeder

Fig. 6. Transient fault graphic in Eregli distribution feeder

Because the defuzzification process has the centroid as its aggregation method, the spikes on the three phase
fault shows the magnitude of the three phases when they are above the zero crossing value. In 0,1 second, 5
cycles is experienced for a 50Hz frequency (See figure 6). The spiked signal (above 0.74) can be extracted by
a computational scheme to tell the type of fault (in this case a three phase fault) for classification purposes. A
transient three phase ungrounded fault on Caycuma feeder is shown in figure 7.

Pk cunert 1
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Fau cunerd 3

Transient Fault Graphic in Caycuma Feeder

Fig. 7. Transient fault graphic in Caycuma distribution feeder

The fault was analyzed at 0,1 second lasting for another 0,1 second, before Devrek fault initiation. It is
important to note that, these initiated contingencies were done in one simulation at varying fault times on the
individual feeders. A transient three phase ungrounded fault on Alapli feeder is shown in figure 8.
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Transient Fault Graphic in Alaph Feeder

Fig. 8. Transient fault graphic in Alaph distribution feeder

6. CONCLUSIONS

The fault analysis simulated in this research indicate the potential of using such system as a procedure in
studying complex systems and performing a meaningful evaluation and/or analysis on the impact of power
system fault analysis and how fuzzy systems can be used to evaluate different types of faults. The simulation
result is shown that the inputs for the simulation are all from fault currents modeled on each of the feeders in
the electrical test system. The outputs of the system will be one of three options, 0, 1, and 2 which represent
the possible warning indicators of the condition of the individual feeders, that is, no problem, caution and
imminent problem respectively. The objective of the study was achieved, since voltage distortion that should
have affected a larger region of the town is now restricted to the particular locality of its occurrence.
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Abstract

Heat transfer in channels placed novel vortex generators (VGs) was experimentally investigated and the
flow behind VG visualized with PIV (particle image velocity measurement) system. The VGs are placed
staggered manner in the flow direction. A constant heat flux thermal condition is provided by the heaters
placed on the bottom surface of the channel. The effect of VG row number on the flow structure and heat
transfer was investigated. Experiments for each the rows were made at Reynolds number Re = 5000-
25000. The Nusselt number values for the smooth channel are compared to those given in the literature.
The results obtained from the VGs placed channel are given in graph form by comparison with the
smooth channel test results. The results showed that the rate of heat transfer in the channel with VG was
significantly higher than in the smooth channel. Increasing the number of VGs in a row increases the
number of longitudinal vortices (LVs), and thus increases the heat transfer. By increasing the number of
VG rows, the strength of LVs is maintained substantially constant throughout the flow. Thus, higher
Nusselt numbers were obtained. In addition, the flow structure was visualized by performing stereo PIV
on the perpendicular plane to the flow. Visualization of the flow with PIV revealed that the VGs
generated more than one LV on the same plane that caused increased heat transfer.

Keywords: Heat transfer, Vortex generator, PIV, Channel flow.

1. GIRIS

This Ts1 degistiricileri, 1s1 enerjisini bir ortamdan bagka bir ortama aktaran sistemlerdir. Bu sistemleri basta
sanayi uygulamalar1 olmak iizere hemen hemen her yerde farkli sekillerde gorebiliriz. Mevcut bilinen enerji
kaynaklar1 ve enerji iizerine olan savaslar diisliniildiigiinde, 1s1 degistiricilerinde enerjinin miikemmel bir
sekilde en yiiksek performansta aktarilmas: gerekmektedir. Bu konuda literatiirde ¢ok sayida yapilmis
calismalar vardir ve halen yogun bir sekilde devam etmektedir. Isi transferinin arttirilmasinda iki yontem
vardir. Bunlar; aktif yontemler (disardan bir enerji girisi vardir) ve pasif yontemler (herhangi bir enerji girisi
yoktur). Genellikle tercih edilen yontem ikincisi yani pasif yontemlerdir. Pasif yontemlerde 1s1 transferinin
arttirilmasi, test alaninda akisin yapisinin degistirilmesi ile yapilir. Bunun iginde farkli sekillerde geometrik
cisimler kullanilir. Genellikle yapilan ¢alismalarda biikiilmis seritler [1-3], ¢ubuklar [4-5], bloklar [6-8],
engeller [9-10], kanat ve kanatgik [11-14] gibi farkli geometrilerde ¢ok sayida eleman kullanmuglardir. Isi
transferinin artirllmasinda bu elemanlar, geligsen sinir tabakalari bozarak tiirbiilans yogunlugunu artirir (sicak
ve soguk akiskanin karismasini saglar), 1s1 transfer yiizey alanin artmasina ve swirling ve ikincil akislarin
olugmasina neden olur.

Pasif yontemler igerisinde yer alan vorteks tireticiler, 1s1 transferinin artirilmasinda siklikla kullanilan farki
geometrik sekillere sahip cisimlerdir. Vorteks iireticiler geometrik yapisina gore akis alaninda enlemesine ve
uzunlamasma olmak {tizere iki farkli vorteks iiretebilirler. Uzunlamasina vorteks 1sil performansinin,
enlemesine vorteks 1sil performansina gore daha iyi oldugu yapilan calismalar ile belirlenmistir [15].
Literatiirde uzunlamasina vorteks iireten vorteks iiretici olarak kullanilanlar: delta kanat, dikdortgen kanat,

* Corresponding author. Tel.: +90 354-242-1001/1681: fax: +90 354-242-1005.
E-mail address: mehmet.dogan@bozok.edu.tr (M. Dogan).
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delta kanatgik ¢ifti ve dikdortgen kanatcik ¢ifti olarak deneysel ¢alismalar yapilmig [16]. Yine Fiebig, 1995
yilinda yaptig1 ¢alisgmada kanatgiklarin kanatlara gére daha iyi oldugunu belirlemistir [17]. Ayrica delta
kanatcik ile dikdortgen kanatgigin benzer bir 1s1l performans verdigini elde etmistir. Akim igine yerlestirilen
vorteks iireticilerin geometrik sekillerinin yaninda ana akim yOniine gore nasil yerlestirildikleri yani hiicum
ag1st 1s1 transferinin iyilestirilmesi agisindan 6nemli bir parametredir. Wu ve Tao [18]’da uzunlamasina bir
cift vorteks tretici ile dikdortgen kesitli kanallarda laminer akis rejiminde 1s1 transferinin iyilestirilmesi
noktasinda hiicum agis1 15°, 30°, 45° ve 60° nin etkisini arastirmiglar ve en yiiksek Nusselt sayisint hiicum
acist 60° icin elde etmislerdir. Ancak ayni zamanda da en yiiksek basing kaybini gosterdigini ortaya
koymuslardir.

Kanal akiginda 1s1 transferinin iyilestirilmesi noktasinda literatiir incelendiginde genellikle uzunlamasina
vorteks tireten kanat (wing) ve kanatgik (winglet) gibi cisimler kullanilmistir. Bu ¢alismanin amaci, daha
yiiksek 1s1l performans veren yeni bir tiir enlemesine vorteks iireticiyi tanitmak ve 1s1 transferine etkisini
deneysel olarak arastirmaktir.

2. MATERYAL VE YONTEM

Bu calisma i¢in kurulan deney diizeneginin sematik goriiniisii Sekil 1’de verilmistir. Deney diizeneginin
baglica elemanlar1 sirasiyla, hiz 6lgim sistemi, sis odasi, akim diizenleyici, akigin gelistigi kanal ve
devaminda test odasi, PIV sistemi, yayici, soniimleme odasi, kisma vanasi, yiiksek basingh fan ve hiz
siiriiciisiinden olugmaktadir.

Hava, sis odasina baglanmis ve kizgin-tel anemometresiyle hiz 6lgmede kullanilan bir akis diizenleyicisinden
alinmaktadir. Akig diizenleyicisindeki ama¢ 10 cm ¢apindaki PVC borunun giris en-kesiti boyunca iniform
bir hiz dagilimi elde edilmesini saglayarak bu en-kesite yerlestirilmis kizgin-tel anemometre araciligtyla akis
hizt 6lgmek ve boylece kanaldaki akis debisi ve Reynolds sayisini bulmaktir. Hiz dl¢limii igin, TSI’in
taginabilir 8346 modeli kizgin tel anemometresinin probu yukarida bahsedilen akis diizenleyicisine bagli 10
cm ¢apindaki PVC borunun merkezine yerlestirilmistir. Cihazin ortalama alma fonksiyonundan
yararlanilmigtir.

Kanalin girisinde PIV &lglimlerinde homojen sis verebilmek i¢in diiz seffaf pleksi-glass’dan imal edilmis bir
sis odas1 yer almaktadir. Kanala hava bu sis odasindan alinmaktadir. Kanala akis ayrilmasi olmadan tiniform
bir girig saglamak i¢in bir akig alis agz1 (akim diizenleyici) yerlestirilmistir.

Voltaj regiilatorii ve — Vorteks firetici —Sontimleme odasi
Varyak .
_|| Yayicl | |,_Debl ayar vanasi
: — /
Sis odas1 /
00 ."ll || U
|
|
| X
/1
/
i ici E . Fan _/
Sis tiretici | Ytizeysel 1s1 kaynagi
) S CCD kamera | —

(o] e]
Hiz kontrol
iinitesi

Zamanlayici

Hiz élgiim sisterm

PIV

islemcisi
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Veri toplama tinitesi__/

Sekil 1. Deney diizenegi

Deney tesisati temel olarak kesiti 25 cm x 3 cm dikdortgen seklinde ve uzunlugu toplamda 4 m olan bir
kanaldir. Kanal 90°C sicakliga kadar dayanakli olmasi agisindan diiz ve seffaf polikarbon malzemeden imal
edilmistir. Test bolgesinin alt yiizeyine sabit 1s1 akisi1 vermek iizere, altinda toplamda 1000 Watt elektirikli
wsiticilarin bulundugu bakir plakadan olugmaktadir. Bu boliimde ayrica, bakir plakanin altina yerlestirilen
wsiticilara verilen 1s1l giicii kontrol eden bir varyak ve gelen sehir sebeke elektrik akimini diizenleyen bir
regiilator meveuttur. Sicaklik dlgiimleri igin bakir-constantan (T-tipi) isil-iftler ve Elimko’nun her biri 32
kanalli 2 adet E-680 model veri-toplayicisi kullanilmigtir. Bakir plakanin sicakligi esit alan agirlikli olacak
sekilde yerlestirilmis 32 adet 1sil ciftler ile sicakliklar Glgiiliip bunlarin ortalamasindan 1sitict yiizeyin
ortalama sicakligi bulunmustur. Isil-ciftler bakir plakanm alt yiizeyinden 6n yilizeyine 0.5 mm mesafe kalacak
kadar agilan deliklere termal yapistirict kullanarak sabitlenmislerdir. Giris hava sicaklig: sis odasindan kanala
giriste en-kesiti boyunca esit alan agirlikli olacak sekilde yerlestirilmis 8 adet 1s1l ¢iftin 6l¢tiigii sicakliklarin
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ortalamasindan bulunmustur. Cikistaki hava sicakligr ise test bdlgesinin ¢ikigina, basing prizinden sonra
kanalin en-kesiti boyunca esit alan agirlikli olacak sekilde yerlestirilmis 24 adet 1sil-giftlerin Sl¢tiigi
sicakliklarin ortalamasindan bulunmustur. Sicakliklar bilgisayarda 1 sn araliklarla dlgiilerek kaydedilmis ve
181 transferinin siirekli rejime geldigi ise son 1 saat igerisindeki sicaklik degisimlerinin 0.1°C mertebelerinde
oldugu anda kabul edilerek son 5 dakikanin sicaklik kayitlarmin aritmetik ortalamasi alinarak bulunmustur.
Kanalin test bolgesinde akis boyunca olan basing diisiimiinii belirlemek igin test bolgesinden 5 cm 6nce ve
bitiminden 5 cm sonrasinda kanalin {ist yiizeyinin tam ortasina 2 mm capinda statik basing prizleri agilmis i¢
¢apt 2 mm olan pnomatik hortumlarla fark basingdlgere baglanmustir. Fark basingdlger olarak Furness
Controls’un FCO318 modeli cihazi kullanilmistir. Bu ¢aligmada kullanilan vorteks iireticilerin 1sitic1 plaka
Uzerindeki dizilimleri Sekil 2°de verilmistir. Bu vorteks iireticiler 3D baski sistemiyle 1siya dayanikli
malzemeden tirettirilmistir.

ANSYS
R17.2
Academic

Isitic1 plaka

S0.00 180,00

Sekil 2. VVorteks ureticiler

Fanin puls etkisini ve test odasindan sonra akis ayrilmasi sonucu olabilecek basing dalgalanmalarini
minimuma indirmek amaciyla test odasindan sonra kanal bir yayict ile dinlenme odasina baglanmistir.
Giivenlik agisindan fan 10 Hz’den daha diisiik hizda ¢alistirlmamakta ve daha diisiik Reynolds sayili kanal
akisi elde etmek igin dinlenme odast ile fan arasinda bir kisma vanasi yerlestirilmistir.

Kanaldaki hava akisi deney tesisatindan emme yapan ve lig-fazli 2.2 kW giiciindeki yiiksek basingli radyal bir
fan aracihigr ile saglanmaktadir. Kanalda istenilen akis debisine ulagmak amaciyla fanin devir sayisi
Siemens’in micromaster 420 model frekans ayarlayicist kullanilarak degistirilmistir.

Bu ¢aligmada kullanilan Dantec’in stereo PIV sistemi saniyede 15 goriinti ¢ifti alabilmekte (15 Hz) ve her
goriintii ¢iftinde iki ¢ekim arasinda gegen siire en az 200 ns’dir. Lazer 151k kaynagi Nd:YAG ve 532 nm’de,
atim (pulse) enerjisi 135 mJ ve iki adet 4 MP ¢ozlinirliiklii CCD kamera mevcuttur. Hiz vektorlerinin
hesaplanmasinda kameradan alinan fotograf ciftlerinin % 50 {ist iiste bindirilmis sorgulama alanlarinin
¢ozlinlirligii 8x8 pikselden baglayip 32x32 piksel ¢oziiniirlige kadar 8x8 artan adimlarla otomatik olarak
belirlenir. Goriintii ¢iftleri arasindaki zaman araligi ve sorgulama bolgesindeki pargaciklarin kat ettigi
ortalama mesafe bilinmektedir. Boylece her bir sorgulama alani i¢in hiz vektorii hesaplanarak lazer dilimi
olarak aydimlatilan akig diizlemine ait bir hiz alani ¢ikartilmaktadir.

Kurulan deney diizeneginde akis ve 1s1 transferi analizlerini yapmak i¢in temel olarak hiz, sicaklik ve test
bolgesi boyunca basing diisiisii 6lgiimleri yapilmustir.

Bu ¢alismada Reynolds sayisi ve Nusselt sayisi asagidaki gibi hesaplanmustir.

Re=Y Dn )
v

Burada V test bolgesindeki akiskan hizi, Dn kanal hidrolik ¢ap1 ve v akigkanin kinematik viskozitesidir.

Literatiirde yapilan benzer calismalarin ¢ogunda 1smimla olan 1s1 kaybi hi¢ anilmamis olmakla birlikte
bazilarinda ise hesaplanmis ve bu kaybin ¢ok az olmasindan dolay1 (% 3-4) ihmal etmislerdir [19-21]. Bu
calismada da tagimimla olan 1s1 transfer hiz1 (Qtasin i) asagidaki bagitidan hesaplanmustir.
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Qtasinim = me (To _Ti) (2)
m kitlesel debi, cp 6zgiil 1s1, To ¢ikis kesitindeki ortalama akigkan sicaklik, Ti giris kesitindeki ortalama
akigkan sicakligidir.
Newton’un soguma yasasi:
— Q_Elsinim 3)
A(rs _Tb)

A 1sitict ylizey alani, Ts 1sitict yiizey ortalama sicakligl, To yigik akigkan sicakligi, h yiizey 1s1 taginim
katsayisidir. Akigkan 6zellikleri asagida verilen y1gik akiskan sicakliginda belirlenir.

T,=(1,+T,)/2 @
nu=1Do )
k
k ise akigkan 1s1 iletim katsayisidir. Darcy ifadesinden surtiinme faktord, f
2 AP (6)
(L/Dy) pV ?

L iki basing prizi arasindaki mesafe, p akiskan yogunlugudur.

Ayni pompa giiciinde 1sil iyilestirme faktorii (Termal Enhancement Factor — TEF) asagidaki gibi
tanimlanmustir.

-13
=<l
Nu, A f,

3. BULGULAR

Esitlik (8-9)’da sirasiyla Dittus-Boelter ve Gnielinski Nu sayist bagintilar1 verilmistir. Bos kanal i¢in deneyler
yapilarak elde edilen sonuglar verilen bu esitliklerle karsilagtirilmast yapilmis ve Sekil 3’de verilmistir.
Grafikte egrilerin oldukga iyi bir uyum igerisinde oldugu goriilmektedir.

Dittus—Boelter’in Nu sayis1 bagintist:

Nu = 0.023Re%® pro4 (8)

Gnielinski’in Nu sayis1 bagmtist:
_ (f/8)(Re-1000)Pr
1+12.7(f 18)"2 (Pr?*_1) ©)
3000 < Re <5x10°

Benzer bir sekilde 1s1 transferi i¢in yapilan karsilasgtirma, test bdlgesi boyunca olan basing diisiisii i¢in de
yapilmustir. Bunun igin esitlik (9) Petukhov bagintist ve esitlik (10) Blasius bagintisi kullanilmistir. Sonuglar
Sekil 4’te sunulmus ve grafik incelendiginde bos kanal i¢in yapilan deneysel caligmalardan elde edilen
sonuglarin literatiirden gelen teorik ifadenin sonuglari ile miikkemmel bir uyum igerisinde oldugu
gorilmektedir.

Petukhov bagntisi:

f = (0.79InRe-1.64)" 3000 < Re <5x10° (10)

Blasius bagintist:

f =0.316Re** 3000 < Re < 20000 11)
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Kurulan deney diizenegi i¢in bu dogrulamalar yapildiktan sonra sasitmali diizende yerlestirilmis vorteks
tireticilerle deneyler yapilmigtir. Deneyler bos kanal ile sagirtmali diizende vorteks dreticiler yerlestirilmek
suretiyle dort farkli sira sayisi i¢in yapilmistir. Bir sira igin yapilan deneylerde yan yana dort adet vorteks
iiretici kullanilmustir. Iki sira deneylerinde ise sasirtmali olarak birinci siranin arkasina ii¢ adet vorteks iretici

yerlestirilerek yapilmistir. Ug sira ve dért sira deneyleri de benzer sekilde vorteks ireticiler yerlestirilerek ayr
ayr1 yapilmustir.

Sekil 5 ve Sekil 6’da bos kanal ile icerisine farkli sira sayisinda sasirtmali diizende vorteks Ureticilerin
yerlestirildigi kanal i¢in Nu sayis1 ve Nu/Nuo’in Re sayisina gore dagilimlari verilmistir. Her bir sira sayisi
icin Nusselt sayist Reynolds sayisinin artmasiyla birlikte atmustir. Kanal igerisine yerlestirilen vorteks
Ureticiler uzunlamasina vorteksler (longitudinal vortexes, LGVSs) iireterek bos kanala gore 1s1 transferinin
artmasint saglamislardir. Yapilan PIV ile bu durum Sekil 7°de verilmistir. Sekilde de goriildiigii gibi her bir
vorteks tiretici iki adet LGV iiretmektedir. Bu da 1s transferinin artmasini saglamustir. Ayrica, Nu sayisi sira
sayisinin artmastyla da arttigi bu grafiklerde goriilmektedir. Sira sayisinin artmasi birinci sirada iiretilen
vortkesleri bozmustur. Sekil 8 ve Sekil 9°da en-kesit boyunca hiz dagilimlarindan da anlasilacag: {izere
birinci sirada tiretilen vorteks yapisinin bozuldugu anlagilmaktadir.
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Sekil 5. Vorteks iiretici sira sayisi, Nu Sekil 6. Vorteks iiretici sira sayisi, Nu/Nug
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Sekil 7. Re= 23000 i¢in bir sira vorteks iireticilerden 8 cm sonra en-kesit boyunca a) hiz dagilimi, b) vorteks dagilimi.
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Sekil 8. Re= 23000 igin iki sira vorteks iireticilerden 8 cm sonra en-kesit boyunca hiz dagilimi

I @ T
2 mig HIZ[mis]: 0.00 025 050 075 1.00 125 1.50 175 2,00 225

Sekil 9. Re= 23000 igin dort sira vorteks iireticilerden 8 cm sonra en-kesit boyunca hiz dagilimi

Kanal igerisine farkli sira sayisinda vorteks iiretici yerlesimi ile siirtiinme faktori f ve f/fo karakteristiginin Re
sayisiyla degisimini gosteren grafikler Sekil 10 ve Sekil 11°de verilmistir. Bos kanala gore icerisine vorteks
Uretici yerlestirilmig kanaldaki f’in degeri artmistir. Bu, hareket eden akigkanin daha fazla yiizeyle temas
etmesi ve vorteks Tlireticilerin olusturdugu farkli basing alanlarinin artmasi seklinde agiklanabilir. Sira
sayisinin artmastyla da surtiinme faktorl fin arttigi gorilmektedir.

0.24 50

021 —o—ism 45
—tr—2 S

s e tm 40

—c— 4 S 35
0.15 — ¥ = Bog kanal 30

- 012 ——— =5
20 M
—C—1 Sira

0.09 =
o " 15
0.06 O 10 ——2 5
0.03 e S o5 —o3Sim
—i—4 S
0.00 0.0
0 S000 10000 15000 20000 25000 30000 35000 0 5000 10000 15000 20000 25000 30000 35000
Re Re
Sekil 10. Vorteks iretici sira sayist, f Sekil 11. Vorteks iiretici sira sayst, f/fo
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Yapilan deneyler i¢in 1s1l iyilestirme faktorii (TEF — Thermal Enhancement Factor) Sekil 12°de verilmistir.
Grafikten goriilecegi tizere TEF’in degeri biitiin sira sayilari i¢in 1’den biiyiik elde edilmistir. Bunun anlami
da bu c¢aligmada imal edilmis kanal igerisine yerlestirilen vorteks iireticilerin ¢aligilan Reynolds sayisi
araliginda 1s1 transferini bos kanala gore iyilestirdigidir. Diigiikk Reynolds sayilarinda sira sayisindaki artig
TEF’in artmasini saglamistir. Yiiksek Reynolds sayilarinda ise ii¢ sira sayisina kadar bu durum tam tersi
olarak gerceklesmistir. Sira sayisinin artmastyla 1s1 transferindeki artisa gore basing diisiisiiniin daha fazla
olmasi sebebiyle TEF tam tersi ¢cikmistir. Grafikte de goriildiigii gibi dort sira sayist icin biitiin Reynolds
sayilarinda en yiiksek TEF elde edilmistir.

0 5000 10000 15000 20000 25000 30000 35000
Re

Sekil 12. Vorteks tiretici sira sayisi, TEF

4. SONUCLAR

Bu ¢alismada, igerisine vorteks iireticiler yerlestirilmis dikdortgen kesitli bir kanalda 1s1 transferi deneysel
olarak incelenmis ve kanal igerisindeki akisin, PIV (pargacik goriintiisi hiz Olglimii) sistemi ile
goriintiilenmesi yapilmstir. Kanal test bolgesinde sabit 1s1 akist sinir sart1 uygulanmig ve bu bolgede basing
diisiisii olduk¢a hassas bir fark basing manometre ile ol¢iilmiistiir. Bir sira vorteks {ireticiler kanal igerisine
yarlestirildiginde uzunlamasina vorteksler iiretmislerdir. Bu uzunlamasina vorteksler 1sil sinir tabakayi siirekli
rahatsiz etmis ve kanal icerisinde tamamen bir karisma saglayarak 1s1 transferinin artmasii saglamistir.
Sagirtmali diizende sira sayisinin artirilmasi 1s1 transferinin artmasint saglamistir. Ancak sira sayisinin
sagirtmali diizende artirilmastyla birinci sirada iiretilen vortekslerin bozulmasia neden olmustur. Uretilen
vorteksler ve vortekslerin bozulmas: PIV sistemiyle gorsellestirilmistir.
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Abstract

In recent years, nanofluids have become a important topic in the field of heat transfer improvements in
thermal systems. As a result of the researches and reports that have been made, it has been revealed
useful sides of that the nanofluids which we can call as the next generation fluids are in engineering
applications. In this study, Al,O-distilled water and TiO,-distilled water nanoparticles were prepared at
0.5%, 1% and 1.5% volumetric concentrations and the thermal conductivities of the nanofluids were
experimentally obtained at different temperatures. The results obtained were compared with the Maxwell,
Hamilton-Crosser and Yu-Choi models that predict the thermal conductivity of the nanofluids in the
literature and the factors affecting the thermal conductivity in nanofluids have been investigated.

Keywords: Al,O;-distilled water nanofluid, TiO,-distilled water nanofluid, nanofluid, thermal
conductivity, Maxwell model.

1. GIRIS

Her gegen giin artan enerji ihtiyact yeni enerji kaynaklarimin gereksinimini artirmaktadir. Enerjinin daha etkili
ve verimli kullanilmasi ise bilyiik bir 6nem arz etmektedir. Bu nedenle her alanda karsimiza g¢ikan 1s1
degistiricilerin performansinin artirilmasia yonelik c¢aligmalar enerji verimliligi agisindan &nemli
calismalardir. Is1 degistiricilerde kullanilan geleneksel akiskanlar (su, antifriz, motor yagi vs.) ¢ogu alanda 1s1
transferi kapasitesi agisindan yeterli etkiyi gosterememektedir. Isil iletkenligi artirmak amacl ise geleneksel
akigkanlar icerisine nano boyutlarda parcaciklar eklenmektedir. Bu sayede akigkanin 1sil karakteristigi
iyilesmekte ve 1s1 transferi agisindan iyi performans degerleri elde edilmektedir. Baz akigkan icerisine nano
boyutlardaki kati partikiillerin siispense edilmesiyle elde edilen yeni 1s1 transfer akiskanina nanoakigkan
denilmektedir. Nanoakigkan, nanoparcaciklarin bir siv1 i¢erisindeki slispansiyonlarina denir [1]. Literatiirde,
nanoakiskan caligmalarina bakildiginda nanoakiskan eldesi ilk Arganne National Laboratory’de 1995 yilinda
Choi tarafindan gerceklestigi goriilmektedir. Siispansiyon hazirlanmasina yonelik ¢aligmalar ise 2000 yilinda
Xuan ve Li tarafindan 6nerilmistir [2]. Nanoakigkanlar, kimyasal reaksiyonlar, giines enerji sistemleri, termal
enerji depolama, medikal uygulamalar, elektronik sogutma, niikleer reaktdor gibi alanlarda
kullanilabilmektedirler.

Wen ve Ding [3] kati partikiil i¢gin Al2O3 ve baz akigkan igin iyonize su kullanarak elde ettikleri
nanoakiskanin konvektif 1s1 transferi {izerine etkisini arastirdiklar1 deneysel bir ¢alisma sunmuslardir. Calisma
sonunda konvektif 1s1 transferinin 6nemli 6l¢iide arttigini ve nanopartikiil ¢okelmesi nedeniyle bir siir
tabakanin ortaya ¢iktigini elde etmislerdir. Wang ve Mujumdar [4] c¢alismalarinda karistirilan
nanopartikiillerin siispansiyonun 1s1 transferi karakteristiklerini ve tagimnim ozelliklerini 6nemli bir sekilde
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etkiledigini gostermislerdir. Saidur ve ark. [5] daha ¢ok oksit grubu (Al203, Fe4Os) nano partikillerin
kullanilmastyla elde edilen nanoakigkanlarinin 1s1l iletkenliklerinin nanopartikiil oranina bagh olarak arttigini
gozlemlemisglerdir. Minsta ve ark. [6] 29 nm boyutundaki Al2O3 nanopartikiillerini saf su baz akiskanina
stispense ederek hazirladigr nanoakigkanlar1 20-40°C araliginda %9 hacimsel konsantrasyona kadar termal
iletkenliklerini 6lgmiislerdir. Olgiim sonucunda termal iletkenligin hacimsel konsantrasyonun artisi ve
partikiil boyutunun azalmasiyla arttig1 sonucuna varmiglardir.

Das ve ark. [7] Al203-su ve CuO-su nanoakigkanlarinin termal iletkenlik degisimini 21-51°C ve %1-4
hacimsel konsantrasyon araliginda incelemislerdir. Calismalarinin sonuglar1 sicaklik ve hacimsel derisim
arttikca termal iletkenligin saf suya karst %24,3 daha iyilestigini gostermistir. Lee ve ark. [8] 38,4 nm
boyutundaki nanopartikiiller kullanarak su bazli ve etilen glikol bazli iki farkli nanoakiskan hazirlamiglar ve
termal iletkenliklerini 6lgmiiglerdir. Su bazli nanoakigkan igin %3-10 termal iletkenlik artis1 elde ederken
etilen glikol bazli nanoakiskanlar icin %3-18 termal iletkenlik artis1 rapor etmiglerdir. Masuda ve ark. [9]
SiO2 ve TiO2 nanopartikiilleri ile hazirladiklar: nanoakigkanlarda, 67°C’de %4 hacimsel derisime sahip TiO2
icin %10 termal iletkenlik artis1 saglanmigken, SiO2 i¢in %1 termal iletkenlik artigi saglanmustir.

Bu ¢aligmada, iki adim metodu ile hazir nanopartikiiller saf su igerisine siispense edilmis ve nanoakiskanlar
elde edilmistir. %0.5, %1 ve %1.5 hacimsel derigimlerde hazirlanan nanoakiskanlarin termal iletkenligini
tahmin etmek igin literatiirde yer alan modeller ile karsilagtirmalar yapilmistir.

2. YONTEM

Caligmada kullanilan Al203 ve TiO2 nanopartikiillerin 6zellikleri Tablo 1°de verilmistir.

Tablo I. Nanopartikul 6zellikleri

Nanopartikiil adi Kimyasal Partikiil sekli Partikul boyutu Isil iletkenlik Saflik
gosterimi [W/mK]

Aliminyum oksit Al,O3 Kiresel 46 nm 30 %99,15

Titanyum oksit TiO, Kiresel 69 nm 11,7 %97,5

Nanoakigkanlarin hacimsel derigimlerini veren formiilasyon Denklem 1°de verilmistir [10]. Denklemde wnp
nanopartikiil agirhi (g), pnp nanopartikiil yogunlugu (g/cm®) ve ¢ nanoakiskanin hacimsel derigimidir.

Wnp

Yol
px100= >~/ Q)

Wnp Wh

Pnp Pb

Nanoakiskan iki farkli yontem ile elde edilmektedir. Bunlardan biri tek adim yontemidir ve bu yontemde
nanopartikiillerin elde edilmesi ve daha sonrasinda baz akiskana katilma islemidir. Diger yontem ise iki adim
yontemidir ve hazir alinan nanopartikiiller baz akigkana ilave edilir [11]. Bu ¢alismada Al203 ve TiO2
nanopartikilleri iki adim yontemi ile baz akigkan segilen saf suya slispense edilmistir. Nanoakigkanin
homojen dagilimini saglamak amaciyla belirli bir siire manyetik karigtiricida ve daha sonra ultrasonik
homojenizatorde karigtirilmistir. %0.5, %1 ve %1.5 hacimsel derigimlerde hazirlanan Al2O3-saf su ve TiO2-
saf su nanoakigkanlar1 10-35°C araliginda termal iletkenlikleri gegici sicak tel prensibi ile ¢alisan KD2 Pro
cihaz ile 6l¢lilmiistiir. Nanoakigkanlarin termal iletkenligini tahmin etmek i¢in birtakim teoriler onerilmistir.
Bu teoriler, pargacik konsantrasyonu, pargacik sekli ve kati-sivi fazlar igin etkili formiilasyonlardir. Bu
calismada, Maxwell, Hamilton-Crosser ve Yu-Choi modelleri ile deneysel veriler karsilastirilmistir. Bu U¢
modelin formiilasyonu Tablo 2’de 6zetlenmistir [12] [13]. Tablodaki modellerde knp nanopartikiliin termal
iletkenligi, ke efektif termal iletkenlik, ko baz akigkanin termal iletkenligi, ¢ nanoakiskanin hacimsel
derigimidir.
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Tablo Il. Nanoakigkanlar i¢in termal iletkenlik modelleri

Model Formulasyon Agiklama

Maxwell ) knp+2kb+2¢(knp_kb) Homojen dagilim kiiresel
fe_ partikuller
Kb knp*2kb=(Kpp—kb)

Hamilton-Crosser Ke knp+(”*1)kb_(nfl)w(kb_knp) Kiiresel ve silindirik partikdiller,
k7b = knp+(n—1)kb+¢(kb_knp) n=3 alinir.

Yu-Choi ‘ knp +2kp +2(knp_kb) a+ ﬁ)g(p B, nanokatman kalinliginin partikiil
fe _ radyusuna oranidir ve 0.1 alinir.
kb knp+2kp—(Knp—kp)@+A)%0

3. BULGULAR

Sekil 1°de %0.5, %1 ve %]1.5 hacimsel derisimlere sahip Al2O3-saf su nanoakiskaninin 30°C’de deneysel
termal iletkenlik degerlerinin Maxwell, Hamilton-Crosser ve Yu-Choi modelleri ile karsilastirilmast
verilmigtir. Sekil 2°de ise %0.5, %1 ve %1.5 hacimsel derisimlerdeki TiO2-saf su nanoakiskaninin deneysel
termal iletkenlik degerleri literatiirde bulunan modeller ile karsilastirilmistir.

=4—Maxwel|l =fll=Hamilton-Crosser Yu-Choi ====Deneyse| =t=saf su

0,68
0,67

0,66 /

0,65 /./

0,64 //

0,63 .,Z __—
0,62 //

0,61

Termaliletkenlik (W/mK)

0] 0,005 0,01 0,015

Al,0;-saf su nanoakiskan hacimsel derisimi ()

Sek. 1. Al,O3-saf su nanoakiskani i¢in termal iletkenligin modeller ile karsilastirilmasi
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Termaliletkenlik (W/mK)

=—4—Maxwel| =fli=Hamilton-Crosser Yu-Choi === Deneysel| === saf su

0,64 s

0,635

/
0,63 l//x

0,625

0,62 V —l—"/.

0,615 1 I i

0,61

0] 0,005 0,01 0,015

TiO,-saf su nanoakiskani hacimsel derisimi ()

Sek. 2. TiO,-saf su nanoakiskani igin termal iletkenligin modeller ile karsilagtiriimasi

Sekil 3 ve Sekil 4’te sirasiyla Al203-saf su ve TiOz-saf su nanoakigkanlarinin farkl derisimlerde deneysel
termal iletkenlik degerlerinin degisimi verilmistir. 0,005 hacimsel derisimde Al2O3s-saf su nanoakigkaninin
deneysel termal iletkenlik degeri 0,63 W/mK iken, ayni derisimde TiOz-saf su nanoakigkaninin deneysel
termal iletkenlik degeri 0,62 W/mK’dir. Ayrica 0,01 ve 0,015 hacimsel derigimlerinde TiOz-saf su
nanoakiskaninin deneysel termal iletkenlik degerleri sirasi ile 0,627 ve 0,634 W/mK’dir. Sonug olarak
hacimsel derisim degerleri arttikca termal iletkenlikte artis goriilmektedir. Nanoakiskanlar acisindan ise
Al203-saf su nanoakiskani TiOz-saf su nanoakigkanina kiyasla ortalama %7 daha iyi termal iletkenlik

Sicakhk (°C)

saglamaktadir.
0,7
——0,50%

< 0,68 —_1% -
£ 1,50%
2 066
=
g 0,64
=
]
@
= 0,62
£
F 06

0,58

5 10 15 20 25 30 35 40

Sek. 3. Al;O3-saf su nanoakiskaninin termal iletkenliginin sicaklik ile degigimi
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Sek. 4. TiO;-saf su nanoakiskanimin termal iletkenliginin sicaklik ile degisimi

4. TARTISMA VE SONUC

Bu c¢alismada, %0.5, %1 ve %1.5 hacimsel derisimlerde hazirlanan Al2Ogz-saf su ve TiOz-saf su
nanoakiskanlarmin termal iletkenlikleri 10-35°C araliginda olgiilmiistiir. Elde edilen deneysel sonuclar
literatiirde yer alan farkli modeller ile karsilagtirilmistir. Calisma eldeleri su sekilde dzetlenebilir:

1. Sicaklik ve nanoakigkanin hacimsel derigimi arttikga termal iletkenlik baz akigkana kiyasla kayda
deger artis gostermektedir.

2. Al203-saf su nanoakiskani TiOz-saf su nanoakiskanmna kiyasla yaklagik %7 daha iyi termal
iletkenlik sergilemistir.

3. Al203-saf su nanoakiskani igin deneysel verilere en yakin modelleme Hamilton-Crosser modeli
iken, TiO2-saf su nanoakiskani i¢in deneysel verilere en yakin model Maxwell modeli olmustur.

4. Al203-saf su nanoakigkani saf su ile karsilagtirildiginda 30°C’de %0.5, %1 ve %1.5 hacimsel
derisimlerde sirastyla %2.38, %5.67 ve %9.82 daha iyi termal iletkenlik sergilemistir.

5. TiOz-saf su nanoakigkan saf su ile kargilagtirildiginda 30°C’de %0.5, %1 ve %1.5 hacimsel
derigimlerde sirastyla %1.2, %2.3 ve %3.1 daha iyi termal iletkenlik sergilemistir.
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Abstract

Clayey soils are fine-grained soils that have an important place in geotechnical engineering. Because of
their low permeability properties, they are used as impermeable liner in solid waste disposal areas, as
impermeability elements in road embankments, and as impermeable clay cores in dams. However, in
addition to the impermeability properties of the clayey soils to be used in these areas, it is expected that
they have high strength. When clayey soils interacted with water, swelling and settlement behaviors were
observed in clayey soils. For these purpose, to eliminate these negative engineering properties of clayey
soils, clays are improved with chemical additives or other additives.

In this study, unconfined compressive strength properties of clays with pumice additives interacted with a
biopolymer are investigated. For this propose, a natural clay soil sample originated form a clay pit in
Erzurum mixed with pumice obtained from Bitlis. Then, pumice/clay mixtures have been modified with a
biopolymer (locust bean gum) in different percentages. The experimental results indicated that, the
unconfined compressive strength values of clay/pumice mixtures are increased with increasing pumice
percentage. Additionally, clay/pumice mixtures interacted with locust bean gum showed higher
unconfined compressive strength values than natural clay.

Keywords: Kil, ponza, biyopolimer, serbest basing dayanimi.

1. GIRIS

Kil zeminler sahip olduklar diigiik gecirimlilik 6zelliklerinden dolayr geoteknik miihendisliginde toprak
dolgu barajlarda gecirimsizligi saglayici kil ¢ekirdek olarak, kat1 atik depolama alanlarinda sizdirmazlig
saglayict eleman olarak kullanilabilmekte olan ince taneli zeminlerdir. Killer kayaglarin kimyasal
ayrismastyla olusmus olup suyla karsilagtiklarinda oturma, sisme gibi hacim degisiklikleri gosterebilen,
kendine has 6zellikleri olan minerallerdir. Geoteknik miihendisligi alaninda kullanilacak killerin gegirimsizlik
Ozelliklerinin yan1 sira mukavemetlerinin de yiiksek olmasi beklenmektedir. Ponza, volkanik olaylar
sonucunda meydana gelmis olan bosluklu yapiya sahip bir kayactir [1]. Insaat mithendisligi alaninda yaygin
olarak hafif yapi1 malzemesi iiretiminde faydalanilmakta olan ponza, Tiirkiye’de pek ¢ok yerde bulunmakta
olup, yaygin olarak Bitlis ili’nde mevcuttur. Bitlis’te 81.500.000 ton iyi kalitede ve kismen yikama islemi
gerektirmeyen ponza yataklart bulundugu bilinmektedir [2]. Bazi arastirmacilar, killerin miihendislik
ozelliklerini iyilestirmek amactyla kile ponza katarak, ponza katkili kil zeminlerin miihendislik ve geoteknik
oOzelliklerini aragtirmiglardir [3-5].

Biyopolimerler, canli organizmalardan elde edilen dogal {iriinler olup, kullanimlari, petrol esasli materyallere
kiyasla ¢evre tizerinde daha az olumsuz bir etkiye neden olmaktadir [6, 7]. Biyopolimerler bazi aragtirmacilar
tarafindan zemin iyilestirilmesinde kullamilmustir [8, 9]. Literatiirde biyopolimer ile etkilestirilmis zeminlerin
geoteknik Ozelliklerinin aragtirilmasina dair g¢alismalar mevcuttur [10-17]. Chang ve Cho yaptiklari
calismada, biyopolimer orani arttikga maksimum kuru birim hacim agirhiklarinda, optimum su

* Corresponding author. Tel.: +90 442 231 4783,
E-mail address: znkurt@atauni.edu.tr (Z.N.Kurt Albayrak).
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muhtevalarinda, kivam limitlerinde ve sisme indeksi parametrelerinde artis meydana geldigini belirtmislerdir
[11]. Cabalar ve arkadaslari galismalarinda, biyopolimerlerin kum zeminlerin mukavemetini arttirdiginy,
gecirimliligini azalttigini bulmuslardir [13].

Bu calisma kapsaminda, ponza katkili kil zeminlerin biyopolimer ile etkilestirilmesi sonucu elde edilen
numunelerin mukavemet davraniglart aragtirilmistir. Bu amagla Erzurum Oltu yoresine ait bir dogal kil
oncelikle Bitlis-Ahlat’tan temin edilen ve 6giitillen ponza tozu ile belirli yiizdelerde karistirilmis ve ponza
katkil killer elde edilmistir. Ardindan ponza katkili killer yine belirli yiizdelerde biyopolimer (kegiboynuzu
gam) ile etkilestirilmis ve biyopolimer katkili kil/ponza numuneleri elde edilmistir. Elde edilen numunelerin
oncelikle kompaksiyon parametreleri (optimum su muhtevasi ve maksimum kuru birim hacim agirlik)
belirlenmistir. Ardindan optimum su muhtevasinda sikistirilan numuneler serbest basing deneyine tabi
tutulmus ve numunelerin serbest basing mukavemetleri bulunmustur. Sonuglar, dogal kil numune sonuglari
ile karsilastirilmigtir.

2. MATERYAL VE YONTEM

2.1. Kil

Bu ¢alismada, kullanilan kil numune (C) Erzurum (Oltu-Narman Havzasi) ¢evresinden getirilmistir. Atatiirk
Universitesi Miihendislik Fakiiltesi Zemin Mekanigi Laboratuvari’na getirilen killer etiivde (105°C)
kurutulup Los Angeles asindirma cihazinda dgiitiilmiistiir.

Hidrometre analizi ASTM D 422’ye gore yapilmis olup analiz sonuglarinda kile ait dane ¢ap1 dagilim egrisi
Sekil 1°de gosterilmistir. Sekil 1°deki egriye gore numunenin 2 mikrondan (0,002 mm) kiigiik dane miktar1
%54 olarak bulunmugtur. Kilin Birlestirilmis Zemin Smiflandirma Sistemi’ne (USCS) gore yapilan
smiflandirmasinda yiksek plastisiteli (CH) kil oldugu goériilmiistiir [18]. Tablo 1°de kile ait baz1 geoteknik
Ozellikler verilmistir.
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Sekil 1. Deneylerde kullanilan dogal kilin graniilometri egrisi
Tablo 1. Kile ait baz1 geoteknik 6zellikler
Geoteknik Ozellikler Dogal Kil
<0,002 mm, (%) 54
Dane birim hacim agirhgi, (kN/m®) 26,09
Likit limit, (%) 72
Plastik limit, (%) 33
Plastisite indisi, (%) 39
Zemin Sinifi, (USCS) CH
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2.2. Ponza

Ponza volkanik olaylar sonucu olugmus, fiziksel ve kimyasal etkenlere karsi dayanikli, gozenekli bir kayagtir.
Calismada kullanilan Ponza (P) Bitlis-Ahlat’tan temin edilmis olan asidik bir ponzadir. Asidik ponza, beyaz
ve kirli beyaz renkte olup Mohs skalasina gore sertligi 5-6, yogunlugu 0,5-1 gr/em®’ttr [19].

Ocaktan getirilen ponza ogiitiilerek ponza tozu haline getirilmis ve deneylerde ponza tozu 40 No’lu elekten
elenerek kullanilmigtir. Ponza tozuna ait dane c¢apit dagilim egrisi hidrometre analizi ile elde edilmistir.
Graniilometri egrisi Sekil 2’de sunulmustur. Ponza tozunun 8zgiil agirhig 2,43 gr/cm? olarak belirlenmistir.
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Sekil 2. Deneylerde kullanilan ponzanin graniilometri egrisi
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2.3. Biyopolimer - Ke¢iboynuzu Gam

Caligmada bir biyopolimer tiirii olan kegiboynuzu gami (KBG) kullanilmistir. Kegiboynuzu gam carob gam
olarak da adlandirilmaktadir [20]. Kegiboynuzu gami Ceratonia siliqua isimli kegiboynuzu tohumlarindan
elde edilen nétral bir galaktomannan polimeridir. Yalnizca soguk suda ¢oziiniir. Kegiboynuzu gami
soliisyonlar1 diger hidrokolloitler gibi goriiniir plastiktir. Diger gamlarla beraber kullanildiginda jellerin, jel
dayanimini ve elastikiyetini artirir [21]. Kegiboynuzu gamin sahip oldugu non-iyonik yapidan dolay1 pH,
tuzlardan ve 1sidan etkilenmedigi bilinmektedir [22]. Kullanilan keg¢iboynuzu gamin pH’1 5-7 arasinda,
vizkozitesi 2000-3500 arasindadir. Bu ozellikler, iiretici firmadan (Smart Kimya) temin edilen analiz
sertifikasindan alinmustir [23].

2.4. Numunelerin Hazirlanmasi

Ponza katkili kil numuneler, dgiitiilmiis ve elenmis dogal kile belli yiizdelerde ponzanin (%5, %15, %25)
kuru halde karigtirilmasiyla elde edilmistir. Sekil 3’te kil ile ponza kuru halde karigtirtlirken goriilmektedir.
Biyopolimer katkili numuneler elde edilirken, kegiboynuzu gam mekanik karistiricida 1000 rpm hizda
cozunene kadar karistirilmis (Sekil 4) ve deneylerde kullanilan suyun yiizdesi cinsinden (%0,5, %1, %1,5)
hesaplanarak suyla birlikte dogal kil numunelerine ve ponza katkili kil numunelere ilave edilmistir.

R AT

Sekil 3. Kil ile pon_zanln kuru halde karigtirilmast
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Sekil 4. Manyetik karistirict; Kegiboynuzu gaminin su ile karistirilmast

2.5. Kompaksiyon Deneyleri

Dogal kil numune, ponza katkili kil numuneler ile bunlarin kegiboynuzu gam ile etkilestirilmesi sonucu elde
edilmig olan biyopolimerli numunelerin kompaksiyon parametreleri (optimum su muhtevasi ve maksimum
kuru birim hacim agirlik), ASTM D 698’¢ gore yapilan Standart proktor deneyi ile belirlenmistir [24].
Numuneler 117 mm yiksekliginde 102 mm ¢apindaki metal silindir kompaksiyon kalibinda ii¢ tabaka halinde
her tabakaya 25’er vurus yapilarak sikistirilmistir.

2.6. Serbest Basing Deneyleri

Dogal kil numune, ponza katkili kil numuneler ile bunlarin kegiboynuzu gam ile etkilestirilmesi sonucu elde
edilmig olan biyopolimerli numuneler Uzerinde ASTM D 2166 esas alinarak serbest basing deneyleri
gerceklestirilmistir [25]. Serbest basing mukavemetlerini belirlemek igin numuneler, kompaksiyon deneyleri
sonucu elde edilmis olan optimum su muhtevalarinda sikigtirilmistir. Optimum su muhtevasinda sikistirilan
dogal kil numune, ponza katkili kil numuneler ile bunlarin kegiboynuzu gam ile etkilestirilmesi sonucu elde
edilmis olan biyopolimerli numuneler 35 mm c¢apinda, 70 mm yiiksekligindeki metal silindirik tiiplere
alinmug, ardindan silindir tiiplerden manuel hidrolik numune ¢ikarma krikosu yardimiyla ¢ikarilarak serbest
basing deneylerinde kullanilmigtir.

3. ARASTIRMA BULGULARI VE TARTISMA

3.1. Kompaksiyon Deney Sonuclar:

Kegiboynuzu gam ylizdesindeki artisla dogal kilin ve ponza katkili kil numunelerin optimum su muhtevasi
degerlerinde meydana gelen degisim Sekil 5°te goriilmektedir. Sekil 5 incelendiginde kegiboynuzu gam
yiizdesinde meydana gelen artigla ponza katkili numunelerin optimum su muhtevalarinda dnemli bir degisim
meydana gelmedigi goriilmiistiir. Taytak ve arkadaglari yapiklari calismada [26] bentonit-kum-kaolin
karigimlarina farkli yiizdelerde biyopolimer katarak gerceklestirdikleri kompaksiyon deneyleri sonucunda,
optimum su muhtevalarinda biyopolimer yiizdesindeki degisimle dnemli bir degisim meydana gelmedigini
belirtmiglerdir.
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Sekil 5. Kegiboynuzu gam yiizdesindeki artisla optimum su muhtevasinda meydana gelen degisim
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Keg¢iboynuzu gam yiizdesindeki artigla katkisiz ve ponza katkili numunelerin maksimum kuru birim hacim
agirhiklarinda meydana gelen degisim Sekil 6’da verilmistir. Sekil 6 incelendiginde kegiboynuzu gam orani
artttkca maksimum kuru birim hacim agirlik degerlerinde azalma meydana geldigi goriilmiistiir. Bunun
nedeninin, biyopolimer soliisyonunun vizkozitesinde meydana gelen artistan ve zemin partikiillerinin
soliisyonun viskoz yapisina bagli olarak daha dispers bir yapiya kavugsmus olmalarindan kaynaklandigi
diisiiniilmektedir [27]. Benzer sekilde Saltan ve arkadaglar1 yaptiklari ¢aligmalarinda [28] ponza katkisindaki
artisla kilin maksimum kuru birim hacim agirlik degerlerinde azalma meydana geldigini ifade etmislerdir.
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Sekil 6. Kegiboynuzu gam yiizdesindeki artisla maksimum kuru birim hacim agirliklarda meydana gelen degisim

3.2. Serbest Basing Deneyi Sonuglart

Numuneler iizerinde gergeklestirilen serbest basing mukavemeti deney sonuglart Tablo 2’de goriilmektedir.
Kegiboynuzu gam yiizdesinde meydana gelen artisla dogal kilin ve ponza katkili kil numunelerin serbest
basing mukavemetlerinde meydana gelen degisim ise Sekil 7°de sunulmustur.

ti, kPa

t Basing Mul

b
=

05 1
KBG yiizdesi, %
Sekil 7. Keciboynuzu gam yiizdesindeki artigla serbest basing mukavemetlerinde meydana gelen degisim
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Tablo 2. Numunelerin serbest basing deneyi sonuglari

Numune ad1 Serbest Basing Mukavemeti (qu), kPa
C-%0KBG 196,5
C-%0,5KBG 363
C-%1KBG 496,5
C-%1,5KBG 654,5
C-%5P-%0KBG 1375
C-%5P-%0,5KBG 236
C-%5P-%1KBG 408
C-%5P-%1,5KBG 463,5
C-%15P-%0KBG 163
C-%15P-%0,5KBG 231
C-%15P-%1KBG 4235
C-%15P-%1,5KBG 475,5
C-%25P-%0KBG 1325
C-%25P-%0,5KBG 243
C-%25P-%1KBG 289
C-%25P-%1,5KBG 297,5

Tablo 2 ve Sekil 7 incelendiginde kegiboynuzu gam katki ylizdesinde meydana gelen artigla ponza katkili
numunelerin serbest basing mukavemetlerinde artis meydana geldigi goriilmistir. Biyopolimerler genel
olarak elektrik yiiklii bilyiik 6zgiil yiizeylere sahip olduklart i¢in ince daneli zeminlerle etkili bir sekilde
etkilesime girebilirler. Buna bagli olarak yiiksek mukavemetli biyopolimer-zemin matrisleri meydana gelir
[29]. Katkili numuneler de biyopolimer yiizdesinin artmasiyla serbest basing mukavemetlerinde meydana
gelen artisin biyopolimerli bosluk suyunun viskozitesinin yiiksek olmasindan ve biyopolimer ile kil
partikiilleri arasinda bag olugmasindan kaynaklandigi diistiiniilmektedir [30]. Chang ve Cho ¢alismalarinda
beta-glucan kullanarak zeminlerin mukavemetinin arttigin1 belirtmislerdir [31]. Chang ve arkadaglari
caligmalarinda kum ve kil zeminleri zantan gam ile iyilestirmis, her iki zemin tiiri i¢in de zantan gamin
mukavemeti artiric1 bir etkisi oldugunu belirtmislerdir [32]. ilaveten ponza katkist olmayan dogal kil de
serbest basing mukavemetinde daha fazla artiy meydana geldigi goriilmigtir. Bunun nedeninin
biyopolimerlerin ince daneli zeminlerle daha iyi etkilesime girmesi oldugu séylenebilir.

4. SONUCLAR

Calisma kapsaminda, ponza katkili kil zeminlerin biyopolimerler ile etkilestirilmesi sonucu elde edilen
numunelerin mukavemet davraniglari aragtirilmigtir. Bu amagla Erzurum Oltu yoresine ait bir dogal kil
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oncelikle Bitlis-Ahlat’tan temin edilen ve 6giitiilen ponza tozu ile belirli yiizdelerde karistirilmis ve ponza
katkili killer elde edilmistir. Ardindan ponza katkili killer yine belirli yiizdelerde biyopolimer (kegiboynuzu
gam) ile etkilestirilmis ve biyopolimer katkili kil/ponza numuneleri elde edilmistir. Numuneler iizerinde
standart proktor deneyleri ve serbest basing mukavemeti deneyleri gergeklestirilmistir. Deneysel sonuglar,
katkisiz kil numune sonuglart ile karsilagtirilmistir. Deneylerden elde edilen sonuglar agsagida siralanmustir.

-Numuneler iizerinde gerceklestirilen standart proktor deneyleri ile katkisiz ve ponza katkili kil
numunelerin optimum su muhtevasi ve maksimum kuru birim hacim agirlik degerleri belirlenmistir.
Buna gore kegiboynuzu gam yiizdesinde meydana gelen artisla ponza katkili killerin optimum su
muhtevalarinda 6nemli bir degisim gbézlenmemis, maksimum kuru birim hacim agirliklarinda ise
azalma meydana geldigi goriilmistiir.

-Keciboynuzu gam yiizdesindeki artisla katkisiz ve ponza katkili numunelerin serbest basing
mukavemetlerinde artis meydana gelmistir.

Killerin serbest basing mukavemetlerinin iyilestirilmis olmasi killerin geoteknik miihendisligi alaninda
kullanilabilirligi agisindan 6nemli bir 6zelliktir. Ancak, killerin su ile karsilagtiklarinda sigsme, oturma gibi
hacim degisiklikleri gosterdigi bilinmekte olup biyopolimerlerin ponza katkili killerin geoteknik 6zellikleri
iizerindeki etkilerinin daha iyi anlasilmast i¢in ilerleyen ¢aligmalarda, sisme basinci, hidrolik iletkenlik gibi
bir takim 6zelliklerinin de belirlenmesi gerektigi diistiniilmektedir.
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Abstract

This study deals with the extraction of humic acid (HA) from low-grade lignite of Arguvan (Malatya-
Turkey). The aim of the study was to determine the ideal leaching conditions for maximizing the extract of
humic acid. For this purpose, the effect of some critical operating parameters (e.g. concentration of
extractant (NaOH), leaching temperature, leaching time, solution/solid ratio,) on the yield of humic acid
were investigated and an ideal value for each parameter was determined. The chosen leaching parameters
were (i) NaOH concentration (0.25, 0.5, 1, 2, 3 M), (ii) leaching temperature (25, 40, 60, 75 °C, (iii)
solution/solid ratio (40/1, 20/1, 10/1, 5/1, 2.5/1 mL/g), (iv) leaching time (0.5, 1, 1.5, 2, 4, 6 hour), while
stirring speed (600 rpm) and particle size (-212 um) was taken as constant parameter. Leaching
experiments were performed in alkaline media prepared using NaOH solution, and atmospheric pressure.
The humic acid content of extracted products was determined using the California Department of Food
and Agriculture (CDFA) method. The ideal conditions, in which the highest yield of humic acid was
obtained, were found to be NaOH concentration 0.5 M, solution/solid ratio 20 mL/g, leaching temperature
75 °C, leaching time 4 hour.

Keywords: Humic acid, lignite, alkaline extraction, leaching conditions.

1. GIRIS

Turkiye’de bilinen toplam kdmdr rezervinin ¢ok biiyiik kismini linyitler olugturmaktadir. Geng ve komiirlesme
derecesi diisiik olan bu komiirler, nem ve kiil degerlerinin nispeten yiiksek olmasi nedeniyle diisiik kaliteli
komiirler sinifinda incelenmektedir. Bu komiirlerin biiyiik bir kismi halen 1sinma ve elektrik {iretimi amacryla
termik santrallerde yakit olarak kullanilmaktadir. Baz1 komiirler, fakir topraklar i¢in karbon (C), hidrojen (H),
azot (N), kiikiirt (S), potasyum (K) ve fosfor (P) gibi 6nemli mikro besin dgelerini saglar. Bununla birlikte
ozellikle nispeten s1g derinliklerde olusan ve oksitlenmis gen¢ kdmdarlerin himik madde icerigi (humik asit,
fulvik asit ve humin) dikkat cekmektedir. Bu tiir kémdarlerden elde edilen hiimik maddeler toprak ve bitki icin
gerekli olan organik bilegikleri igermesi nedeniyle glibre kaynagi olarak degerlendirilmeleri mumkin
olmaktadir [1-3].

Diger taraftan tarimsal alanda toprak kalitesini iyilestirme ve {irlin verimini arttirma y6niindeki c¢aligmalar
giiniimiizde de devam etmektedir. Bu amag dogrultusunda birtakim kimyasal giibreler gelistirilmistir. Ancak
kimyasal glibreler hem bitkiler tarafindan yeterince kullanilamamakta hem de topraktan yagmur, kar ve sulama
gibi etkilerle uzaklasip yer alt1 kaynak sularina, deniz ve g6l sularina karisarak ekolojik sorunlara yol actig1 da
artik bilinen bir gergektir. Bu nedenle son yillarda organik giibrelerin 6nem kazandigi ve organik giibre
kullaniminin yayginlagarak arttigi goriilmektedir. En 6nemli organik maddelerden olan himik asidin bitki
gelisimi ve Urdin verimi tzerinde olumlu etkilerinin oldugu yapilan pek ¢ok arastirmayla belirlenmistir [4-6].
Ayrica hiimik maddeler (humik asit, fulvik asit ve humin) 6zellikle iyon degistirme, besinleri selatlama, agir
metalleri tutma ve antioksidan 6zelliklerinden dolayr daha pek ¢ok kullanim alanina sahiptirler. Bu kullanim

* Corresponding author. Tel.: +90 422-377-4775: fax: +90 422-341-0046
E-mail address: mustafa.birinci@inonu.edu.tr
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alanlarinin baginda tarim/ziraat olmak iizere, kimya, gida, kozmetik, aritim ve ilag sektorleri gibi énemli
endiistri kollar1 gelmektedir [7].

Linyitlerden hiimik asit tiretim yontemleri, bazen tek bazen de iki veya daha fazla agsamali olarak, dogal yoldan
okside olmus veya yapay yoldan belli basing ve sicaklikta okside edilmis linyitin uygun bir asit ile reaksiyona
sokulmasi, ardindan bir alkali ile bazik hale getirildikten sonra, ¢dziinmeyen kismin siiziilerek ortamdan
uzaklastirilmasi, ¢ozeltinin ise asitlendirilip hiimik asit seklinde ¢oktiiriilmesi esasina dayanmaktadir. Bununla
birlikte himik asit ekstraksiyonunda ve hiimik madde analizinde uluslararasi diizeyde kabul edilmis bir standart
yontem bulunmamaktadir. Bu konuyla ilgili olarak Kural [8] tarafindan yapilan bir ¢alismada ISO, Macar ve
Kreulen yontemleri incelenmis ve linyitlerden humik asit elde edilmesinde en uygun ydntemin Kreulen
Yontemi [9] oldugunu bilgisi aktarilmaktadir [10].

Hiimik madde analizinde standartlasmis bir yontem olmamakla birlikte giiniimiizde kullanimi bir hayli yaygin
olan olan U¢ ydntemin 6n planda oldugu goriilmektedir. bilinmektedir. Literatiirde bu ydntemlerden (i)
kolorimetrik yontem, (i) kantitatif yontem/gravimetrik yontem (ki klasik yontem olarak da bilinmektedir), (iii)
yar1 kantitatif yontem/Kaliforniya Gida ve Tarim Bakanligi (CDFA) yontemi olarak bahsedilmektedir. Her l¢
yontem de seyreltik alkali ¢ozeltilerinde hiimik asidin ¢6ziiniirligii temeline dayanmaktadir. Fataftah vd., [11]
tarafindan yapilan bir ¢aligmada s1v1 hiimik asit 6rneklerinde CDFA, gravimetrik yontem olarak BaCl2 yontemi
ve spektrofotometrik yontem kargilagtirilmig ve en yiiksek humik asit igerigini BaCl2 yonteminin verdigi
sunucuna ulasilmigtir. Himik asit analiz yontemleri Lamar ve Talbot [12] tarafindan ayrintili olarak ele alinip
karsilastirilmistir. Ulkemizde ise hiimik madde analizlerinin TSE 5869 No’lu “Kahverengi Kémiirler ve
Linyitlerde Humik Asit Tayini” yontemi kullanilarak yapildig: bilinmektedir.

Bu calismada, Malatya ili Arguvan bdlgesi linyitinden CDFA yontemiyle hiimik asit iiretim olanaklari
arastirtlmistir. CDFA yonteminin kullanildig1 ekstraksiyon deneylerinde onemli goriilen bazi ¢alisma
parametrelerinin hiimik asit verimi iizerine etkisi incelenmis ve elde edilen bulgular hakkinda bilgiler
verilmistir.

2. MATERYAL VE YONTEM

2.1. Materyal

Bu caligmada kullanilmak {izere Arguvan (Malatya) il¢esinde kapali ocak komiir isletmeciligi yapan 6zel bir
madencilik sirketine ait sahadaki komiir damarindan yaklagik 50 kg numune alinmistir. En iri parca boyutu
yaklasik 10 cm olan komiir numunesi laboratuvar ortaminda iki kademe kirma iglemiyle 2 mm’nin altina
indirilmistir. Kirilmis kdmiir konileme-dértleme yontemiyle daha kiigiik parcalara ayrilmistir. Bu parcalardan
dordi ileriki ¢aligmlar igin planlan ekstraksiyon deneylerinde kullanilmak tizere sirasiyla -850 pm, -425 um, -
212 pm ve -106 um boyutlarina 6giitiilerek ayrt ayri torbalanmistir. Bu ¢alismada ekstraksiyon deneyleri i¢in
-212 pum boyutlu kémiir numunesi kullanilmigtir. Ogiitiilmiis kémiir numunesi, ekstraksiyon islemi éncesinde,
105 °C sicaklikta 1 saat kadar etiivde kurutularak higroskobik nemi uzaklagtirilmis ve deneylerin tiimii kuru
komiir numuneleri tizerinde gergeklestirilmistir.

Ko&miir 6rneginin kisa analiz sonuglarina gore, kuru bazda kiil oranmnin %22.26, ugucu madde oraninin %44.60,
sabit karbon oranmnin %28.27, iist 1s1l degerinin 5463 kcal/kg oldugu tespit edilmistir. Kiil ve ugucu madde
analizi ASTM D7582 ve 1s1l deger analizi ASTM D5865°e gore yapilmustir.

2.2. YOntem

Himik asitler alkali ortamlarda ¢oziiniirliigii yiiksek alkali tuzlara doniisebilmektedir. Deneylerde hiimik asit
eldesi icin gereken alkali ortam kolay bulunabilir ve ucuz olmasi nedeniyle NaOH ile saglanmgtir. Yapilan pek
cok arastirmada linyit, turba, leonardit gibi kaynaklardan dogrudan elde edilen karigimlar (hiimat)
asitlendirilerek hiimik asit ¢oktiiriilmiis ve fiilvik asit sivi fazda elde edilmistir. Deneylerde hiimik asit
¢oktiirmesi i¢in derisik HCI (%37) kullanilmustir.

Caligmaya konu olan linyit numunesinden hiimik asit tiretiminde; NaOH derisimi, ortam sicaklig1, ekstraksiyon
stiresi, ¢ozelti-kat1 orani, gibi ¢alisma parametrelerinin etkilerinin belirlenmesi amaciyla bir dizi deneyler
gergeklestirilmistir. Deneysel caligmalarda sabit tutulan ve arastirtlan parametreler Cizelge 1°de verilmistir.
150 mL erlen igerisinde 6nceden belirlenen kati konsantrasyonunda hazirlanan ¢ozelti-kémir karigimu, 1siticilt
manyetik karigtirict kullanilarak belirli sicaklik ve siirelerde lig islemine tabi tutulmustur. Coziindiirme iglemi
sonrasinda kémir-¢ozelti karigimu santrifilj kullanilarak stiziilmiis ve hiimik asit igeren siiziintii ayrilmistir.
Siiziintiideki hiimik asit icerigini tespit etmek amactyla CDFA yontemi tercih edilmistir. Yéntemin uygulama
prosediirii literatiirde ayrintili olarak anlatilmaktadir [12-14]. Esitlik 1°de verildigi tizere; CDFA ydntemiyle
elde edilen kuru hiimik asit miktari, li¢ islemine giren kuru komiir numunesi agirligina boliinerek %hiimik asit
orani tespit edilmistir.

m

Himik asit (%) = - x 100 1)
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Bu esitlikte m: ¢oktiiriilmiis hiimik asitin kuru agirligi (g), n: li¢ islemine giren kuru kémiir agirligi (g)’dir.

Cizelge 1.Alkali li¢ calisma parametreleri.

Caligilan parametreler Deger araligi
NaOH derisimi (M) 0.25,05,1,2,3

Lig sicaklig1 (°C) 25, 40, 60, 75
Cozelti/kati oran1 (mL/g)) 40/1, 20/1, 10/1, 5/1, 2.5/1
Lic suresi (saat 05,1,15,2,3,4,6
Tane boyutu (um) 212"
Karistirma hiz1 (d/d) 600"

*Karigtirma hizi ve tane boyutu sabit tutulmustur.

3. BULGULAR VE TARTISMA

Malatya-Arguvan linyitinden hiimik asit ekstraksiyon verimi tizerine NaOH derisimi, li¢ sicaklig1, lig siiresi,
¢ozelti:kat1 orani, tane boyutu parametrelerinin etkileri aragtirilmigtir. Elde edilen sonuglar asagida kisaca
Ozetlenmisgtir.

3.1. NaOH Derisiminin Etkisi

Bir li¢ isleminde li¢ verimini etkileyen en onemli parametrelerden birisi ¢oziicli derisimidir. Bu nedenle
deneysel ¢aligmalarda ilk asamada, NaOH derisiminin hiimik asit eldesi verimine etkisi aragtirilmigtir. Bes
farkli NaOH derisiminde gerceklestirilen li¢ islemi ile elde edilen sonuglar Sekil 1°de gosterilmistir. Sekil 1
incelendiginde, ortamdaki alkali konsantrasyonu artig1 ile birlikte yaklagik 1 M konsantrasyona kadar hiimik
asit veriminde artis belirlenmistir. Ancak daha yiiksek konsantrasyonlarda hiimik asit verimi diismektedir. 0.5
ve 1 M NaOH konsantrasyonlarinda elde edilen hiimik asit verim yiizdeleri (~%1) birbirlerine ¢ok yakin olmast
nedeniyle ve kimyasal sarfiyatin1 da azaltmak amaciyla sonraki deneylerde NaOH derisimi 0.5 M alinarak sabit
tutulmustur.

3.2. Li¢ Sicakliginin Etkisi

Bu grup deneyler i¢in sicaklik oda sicakligindan (~25 °C) baslanarak 40, 60 ve 75 °C sicakliklarda deneyler
yapilmistir. Bu deneylerden elde edilen sonuglarin verildigi Sekil 2 incelendiginde, genel olarak sicaklik
artisinin hiimik asit verimi Gzerinde olumlu bir etki gdsterdigi belirlenmistir. Oda sicakliginda gerceklestirilen
li¢ islemi sonucu hiimik asit verimi yaklasik %1 iken, 75 °C sicaklikta gergeklestirilen li¢ islemi sonucu hiimik
asit verimi yaklagik dort kat artigla %4’e yaklagmustir. Bu artis trendinin daha yiiksek sicakliklarda devam
etmesi ve hiimik asit veriminde bir miktar daha artis olabilecegi diisiiniilmektedir. Ancak bu konuda yapilan
bazi ¢aligmalarda bu artis miktarnin ¢ok az oldugu goriilmektedir. Ayrica yiiksek sicakliklarda hiimik asitlerin
yapisinda bazi degisimlerin oldugu bilindiginden daha yiiksek sicakliklara ¢ikilmamusgtir.
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Sekil 1. NaOH derisiminin hiimik asit verimine etkisi (Li¢ kosullari: Li¢ sicakligi 25 °C, lig siiresi 3 saat, ¢ozelti:kat1 oran1

6 mL/g, tane boyutu -212 pm, karigtirma hiz1 600 d/d)
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Lig sicaklig1 (°C)
Sekil 2. Li¢ sicakliginin hiimik asit verimine etkisi (Li¢ kogullari: NaOH derigimi 0.5 M, li¢ suresi 3 saat, ¢tzelti/kat1 oran1

6 mL/g, tane boyutu -212 pm, karigtirma hizi 600 d/d)

3.3. Cozelti/Kati Oranimin Etkisi

Bu deney grubu igin NaOH ile olusturulan alkali ¢dzelti miktar1 (120 mL) sabit tutulmus, buna karsilik kati
miktar1 (KOmir numunesi) degistirilerek ¢ozelti/kati orani ayarlanmigtir. Buna gore kati miktar1 azaldikca
cozelti/kati oran1 artmaktadir. Bir bagka ifadeyle birim hacimdeki alkali ¢6zelti bagma diigen kati miktart
azalmis olmaktadir. Kimyasal ¢6ziicii maliyeti diisiiniildiigiinde ¢zelti/kat1 oraninin miimkiin oldugunca diisiik
olmasi arzu edilir. Yani ¢oziindiiriilecek kati miktarinin fazla, bu miktar katiyr en yiiksek verimde ¢6zecek
¢oziicii miktarinin az olmast endiistriyel uygulamalarda istenen bir durumdur. Sekil 3’de goriildiigii gibi
cOzelti/kat1 orani artikga hiimik asit yiizdesi de artmaktadir. Cozelti/katt oran1 3 civarlarinda elde edilen hiimik
asit verimi hemen hemen %1 iken, bu oran 20 oldugunda (120 mL NaOH ¢6zeltisi+6 g komiir) li¢ islemi sonucu
elde edilen hiimik asit oran1 %5’in {izerine ¢ikmustir.

3.4. Li¢ Siresinin Etkisi

Lic suresinin etkisini incelemek tizere, bir 6nceki deneylerde belirlenenen uygun kosullar sabit tutularak farkli
stirelerde deneyler yapilmis ve elde edilen sonuglar Sekil 4’te verilmistir. Sekil 4 incelendiginde, li¢ siiresinin
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ekstraksiyon isleminde 6nemli bir parametre oldugunu ve hiimik asit verimi {izerinde ciddi bir iyilesme
sagladigini ¢ok net bir sekilde gostermektedir.

7

Himik asit (%)

0 T T T T T T T
0 10 20 30 40

Cozelti/kat1 oran1 (mL/g)

Sekil 3. Cozelti/kat1 oraninin hiimik asit verimine etkisi (Li¢ kosullari: NaOH derisimi 0.5 M, Lig sicakligi 75 °C, lig siiresi

3 saat, tane boyutu -212 pm, karigtirma hiz1 600 d/d)
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Sekil 4. Li¢ suresinin hiimik asit verimine etkisi (Li¢ kosullari: NaOH derisimi 0.5 M, li¢ sicaklig1 75 °C, ¢ozelti/kat1 orant

20 mL/g, tane boyutu -212 pm, karigtirma hiz1 600 d/d)

4. SONUCLAR

Bu ¢alismada, Arguvan (Malatya) bolgesi diisiik kaliteli linyit numunesinden hiimik asit iiretimi amaciyla bir
dizi alkali li¢ deneyleri gerceklestirilmistir. Bu deneylerde 6zellikle alkali derisimi, li¢ sicakligi, ¢ozelti/kat
orani, lig siiresi parametrelerin hiimik asit verimine etkisi incelenmistir. Elde edilen bulgular, bu parametrelerin
her birinin himik asit verimini 6nemli oranda etkiledigini ve bu bakimdan esit oneme sahip olduklarini
gostermistir.

Deneysel ¢aligmalar sonucunda Arguvan komiiriinden alkali li¢ yontemiyle hiimik asit eldesinin miimkiin
olabilecegi goriilmektedir. Bununla birlikte hiimik asit verimi nispeten diisiik ¢ikmustir. Elde edilen en yiiksek
hiimik asit oran1 %6-7 kadardir. Tane boyutu ve karistirma hiz1 gibi diger li¢c parametrelerinin de denenmesi
durumunda, bu oranin bir miktar daha iyilestirilebilecegi diistiniilmektedir. Ayrica kdmiir igerisindeki inorganik
safsizliklarin uygun yikama yontemleriyle uzaklastirlmasi durumunda, hiimik asit veriminin daha da
artirllabilecegi 6ngdrulmektedir. Bu 6ngliri kapsaminda planlanan deneylere devam edilecektir. Bu ¢calismadan
elde edilecek tim bulgu ve veriler olgunlastirilip degerlendirildikten sonra, sonuglarin ayr bir ¢alisma olarak
ileriki zamanlarda yayinlanmasi planlanmaktadir.
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Abstract

A bauxite ore can be directly fed to the Bayer process, if the mass ratio of Al,O3 to SiO; is greater than
about 7 and 8. However, high SiO; (i.e. reactive silica) in bauxite ore causes negative effects such as
excessive caustic soda (NaOH) consuption and alumina (Al,O3) losses. The most important source of
reactive silica is clay impurities (e.g. kaolinite and illite) associated with bauxite minerals. Therefore, these
impurities should be removed by beneficiation methods before the ore is used as feed for the Bayer process.

In this study, the high silica bauxite ore with 57.33% Al,O3 and 9.01% SiO, was subjected to attrition-
scrubbing in a modified scrubber, in order to remove the silica. After scrubbing, attrited ore was wet sieved
using laboratory test sieves and than Al,O3; and SiO, contents of the materials on sieve fractions were
determined with XRF analysis. According to experimentals results, when going from coarse size fractions
to fine size fractions, it was seen that while SiO, grade tends to increase Al,O; grade decreases
significantly. The best result was obtained in the coarse size fractions, but no high grade bauxite
concentrate could be obtained that could be fed directly to the Bayer process.

Keywords: Bayer process, bauxite, reactive silica, silica removal, attrition-scrubbing.

1. INTRODUCTION

Bauxite is the name of a mineral group composed primarily of gibbsite (AI(OH)3), boehmite (y-AIO(OH)) and
diaspore (a-AlO(OH)) as alumina minerals. Bauxite commonly contains silica, iron oxide, titania,
aluminosilicate, and other impurities in minor or trace amounts [1]. Bauxites are typically classified according
to their intended commercial application: abrasive, cement, chemical, metallurgical, refractory, etc [2]. The
bulk of world bauxite production (approximately 85%) is used as feed for the manufacture of alumina via a wet
chemical caustic leach method commonly known as the Bayer process [3, 4].

Bauxite is the main raw material to produce alumina, whose mineralogical characteristic and processing
technology affect its general utilization directly. The alumina (Al20s3) to silica (SiO2) mass ratio of bauxite
ores, which is also defined as “module” or “silica module”, plays a critical role in the viability and economics
of the Bayer process. Because, reactive silica (i.e. tends to dissolve in the caustic solution) causes excessive
caustic soda consumption and alumina losses in the Bayer process. Although the optimum module varies from
plant to plant depending on bauxite type and technical-economic conditions in countries, it is assumed that the
limit module is around 7-8. The module value in high grade bauxites is above 10 [5-7]. Beside, the high grade
(i.e. low silica) bauxite deposits are limited and its reserves are gradually decreasing in the world. Therefore,
the bauxites are upgraded by the removal of silica to increase the module rate before it is sent to the Bayer
process. About silica problem, Smith [8] has reviewed various processes for the processing of high-silica
bauxite. He suggested that soda losses in the Bayer process can be reduced if the source of reactive silica in the
bauxite is decreased.

Attrition-scrubbing is relatively a simple method based on the wear of the grain surfaces. Attrition means to
wear away a surface, typically by friction or abrasion. Attrition scrubbing is usually used when the clay or silts
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are more tightly bound to the silica particles, or when clay balls exist that are similar in size to the silica sand
grains. Attrition scrubbing can also break down mineral clusters present in the deposit, but only if the clusters
are not too tightly bound. Attrition-scrubbing has various applications in mineral processing, industrial
processes and chemical processes where an intensive particle surface to surface action is required either to
change the surface properties of the particle or to remove contaminants such as silicate minerals. In mineral
separation, for example, the scrubbers help improve yield and efficiencies by preparing feed materials for
downstream processes such as flotation, magnetic or electrostatic separation [9-12].

The objective of this study is to evaluate the effect of attrition-scrubbing as a separation method in removing
silica (i.e. clay minerals especially kaolinite). In consideration of the difference of bauxite and gangue minerals
in particle size, modified laboratory scrubber was used to pre-benefication and the achievement of attrition-
scrubbing in removing silica was briefly discussed.

2. MATERIAL AND METHODS

2.1. Material

Bauxite ore used in the study was obtained Seydisehir Aluminum Plant (Konya, Turkey). According to X-ray
diffraction and petrographic analyses results, the ore sample consists of boehmite (AIO(OH)), kaolinite
(Al2Si205(0H)4), hematite (Fe203) and anatase/rutile (TiO2) as major minerals, and diaspore (AIO(OH)),
gibbsite (AI(OH)s), quartz (SiO2), goethite (FeO(OH)) and calcite (CaCOs) as minor minerals. Chemical
analysis indicated that the ore contains 57.33% Al203, 9.01% SiO2, 17.25% Fe203, 2.59 TiO2, and has 13.19%
loss on ignition. In addition, the module rate was determined using equation (1), and is found to be 6.36.

2.2. Method

Before the attrition-scrubbing tests, about 50 kg of bauxite sample (average particle size: ~100 mm) was
crushed to minus 2.36 mm in a laboratory jaw crusher, and then was divided into small lots (about 350 grams)
by rotary sample divider to obtain feed material for the attrition-scrubbing operation.

Attrition-scrubbing tests were performed in a 2 L glass cell with octagonal cross section, equipped with a
mechanical stirrer and a propeller attached to it. Pulp density in the attrition-scrubbing tests was adjusted 70%
of solids by weight. The mixing speed was set to 400 rpm, and the scrubbing time was 60 and 120 min,
respectively. After the scrubbing, the pulp/slurry was classified by wet-sieving using ASTM E-11 type test
sieves to seperate each size fraction, espacially the finest size fraction containing particles finer than 45 um.
After the sieving, all size fractions containing coarse and fine particles were dried at 105 °C. The dried material
was then weighed, and the results were evaluated via plots of the particle size distribution (PSD) curves. The
chemical analysis of sieve size fractions were determined by XRF. Wet sieving was also conducted on an un-
scrubbed sample to observe the effect of scrubbing.
Al,03%

Module rate = =
Si0,%

@

3. RESULTS AND DISCUSSIONS

3.1. PSD Curves

Un-scrubbed bauxite ore (i.e. raw bauxite) and scrubbed ore (for at 60 and 120 min.) were wet-sieved using a
laboratory test sieve to determine its size distribution. Cumulative PSD curves were constructed, as shown in
Figure 1. According to the results given in Fig. 1, the PSD curves of scrubbed bauxite samples were shifted
over the curve of un-scrubbed bauxite sample. It is seen that there is a significant increase in weight of the fine
sizes, especially in the finest size (-45 um). However, there has been no significant change in the amount of
coarse size fraction. For instance, while the percentage of materials finer than 75 micron in the un-scrubbed
sample is about 2%, after 60 and 120 min of scrubbing, the percentage of material in the same size is about 7%
and 8% respectively. However, PSD curves obtained by scrubbing are very close to each other and there is no
significant difference between the test results.

Fractional results are also shown in the form of a bar chart in Figure 2. These results showed that there is a
decrease in all particle size fraction, except for the finest material below 75 micron. These results indicate that
there is partial attrition on the coarse size fractions during scrubbing. As a result of 120 min of scrubbing,
weight of materials below 75 microns increased from 2% to 8%. However, there is no economically acceptable
amount of attrition material with scrubbing, compared to results obtained from the un-scrubbed bauxite ore.
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Fig. 2. Weight distribution of materials in the size fractions obtained from wet-sieving

3.2. Chemical Analysis Results of Size Fractions

Table 1 presents chemical analysis results of size fractions obtained from wet-sieving of un-scrubbed ore
sample (i.e. the raw bauxite). If the data given in Table 1 are followed in the order from coarse size fractions
to fine size fractions, it is seen that while SiO2 grade tends to increase, whereas Al2O3 grade conversely
decreases. For instance, in the coarse size fraction of -2360+850 pum, Al20O3 and SiO2 grade is 57.89% and
8.96%, respectively. If the finest size fraction (-45 um) is taken into account, it will be seen that Al2O3 and
SiO2 grade is 54.01% and 10.67%, respectively. A similar trend is also observed in the module value. The
module value is also decreasing from coarse size to fine size. However, , there is no significant change in the
size fractions when compared to module value (6.30) of the original ore.

Chemical analysis results of scrubbed bauxite samples were also given Table 2 and Table 3. It is clearly seen
that attrition-scrubbing gave a slight improvement in Al2O3 grade and module value of the coarse size fractions.
The highest Al2O3 grade of 58.36% was achieved in the size fraction of -2360+850 pm obtained from scrubbed
bauxite for 60 min, wheras Al203 grade of the raw bauxite was 57.52%. A significant correlation observed
between Al203 and SiO2 grades is another characteristic result of attrition-scrubbing. When fine size fractions
are considered, while Al203 grade decreases, SiO2 grade increases. Besides, it was observed that module rate
decreases in the fine particle size fractions due to its silica content increases. For instance, module rate could
be reduced to 4.20 in the finest particle size (-45 um). However, there are no significant differences among
other particle size fractions.
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Table 1. Chemical analysis results of size fractions for un-scrubbed bauxite sample.

Size

Basic oxide compounds (%)

Weight
fraction Module
(um) (%) AlLO; S0, Fe,0; Tio, ca0

-2360+850 56.06 57.89 8.96 17.41 2.59 0.26 6.46
-850 +300 26.45 57.79 9.17 17.46 2.56 0.35 6.30
-300 +106 10.84 57.19 941 17.57 2.54 0.44 6.08
-106 +45 4.42 56.27 9.86 17.74 2.49 0.62 571
-45 2.23 54.01 10.67 18.76 243 1.05 5.06

Feed 100.00 57.63 9.14 17.48 2.57 0.34 6.30

Table 2. Chemical analysis results of size fractions for scrubbed bauxite sample (scrubbing time 60 min).

Size Weight Basic oxide compounds (%)
fraction Module
(um) (%) Al,O; Sio, Fe,0; Tio, cao
-2360+850 56.87 58.36 8.85 17.41 2.60 0.29 6.59
-850 +300 24.68 57.83 8.92 17.41 2.57 0.31 6.49
-300 +106 8.58 57.21 8.83 17.31 2.54 0.35 6.48
-106 +45 2.82 53.02 8.17 16.35 2.31 0.43 6.49
-45 7.06 51.83 12.35 17.94 2.32 1.28 4.20
Feed 100.00 57.52 9.09 17.41 2.56 0.37 6.33

Table 3. Chemical analysis results of size fractions for scrubbed bauxite sample (scrubbing time 120 min).

Size Weight Basic oxide compounds (%)
fraction Module
(um) (%) Al,0; Si0; Fe,0s Tio, Ca0

-2360+850 54.16 57.75 8.84 17.25 2.57 0.31 6.53
-850 +300 24.77 57.61 8.85 17.32 2.56 0.30 6.51
-300 +106 9.91 57.67 8.83 17.42 2.56 0.36 6.53
-106 +45 3.16 55.36 8.42 16.99 2.42 0.43 6.57
-45 8.00 52.58 12.31 18.26 2.38 1.07 427
Feed  100.00 57.22 9.10 17.36 2.55 0.38 6.29
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The high values of SiO2 grades in the finest size suggest that silicate silicate impurities or clay minerals such
as kaolinite is much more present in the fine fractions, behaving to scrubb, in other words, clay minerals on the
particle disintegrated to fine particle sizes during the scrubbing. This result indicates that clay minerals are
accumulated more than bauxite minerals in the fine size fractions. However, clay minerals were not sufficiently
removed from the bauxite ore using only scrubbing. These results are in a good agreement with several studies
[13-15].

4. CONCLUSIONS

In this study, attrition-scrubbing as a washing method was applied in the removing silica from bauxite ore using
scrabber. The general results obtained from this study are given below:

Reactive silica in bauxite ores causes to serious technical and economic problems in the Bayer process and
leads to excessive caustic consumption. Therefore, the bauxite ores are enriched by the removal of silica to
increase the module rate before it is sent to the Bayer process.

The results obtained from attrition-scrubbing experiments show an interesting trend with respect to the grade
of alumina and silica. It is indicated that the grade of silica increases toward lower-sized fractions, whereas the
alumina grade decreases toward lower-sized fractions.

In the case of high silica bauxite ores, scrubbing and desliming may be beneficial as a technique for removing
fine clayey impurities. Clay particle are more soft and fragile than bauxite particle, which means they have a
greater tendency to scrub and produce significant amounts of fine particles.
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Abstract

Nowadays, the use of renewable energy sources becomes compulsory in order to meet the increasing
energy demand. However, the forms of connection of renewable energy sources and how to distribute
them to the grid have not been sufficiently clarified. For the countries that have not yet switched to the
smart grid system today, the efficiency of the renewable energy resources has significant role to achieve
better quality of energy. In this study, a real-time studied smart grid system was designed and selected for
simulated in Austin, Texas district with Matlab. Distributed energy resources are transmitted in
accordance with IEEE standards and verified by its limits of efficiency analyzes. Accordingly, by
analyzing the results about grid effects of PVs through different connection types, it can be proposed
study to RES to be used in micro grid (MG)s. After the distributed of different capacities of PVs on
different buses on the IEEE 13 bus system, power quality results were compared. According to the
obtained results, the state of each bar on the system was examined one by one, and the current and
voltage change indices of each bus were calculated with simulated annealing algorithm. So, the effects of
PVs different connection forms on voltage stability had been investigated and interpreted.

Keywords: Energy, distribution, renewable, micro grid, quality.

1. INTRODUCTION

Energy is the most important requirement for the raw materials in our homes and industrial consumption. It
plays a key role on the fulfillment of basic needs so has an important position in the consumption of these
properties.

However, the energy which is delivered to the consumers, unfortunately, is not always good quality and low
cost. The major factor affecting its quality and cost is resources, which are used in energy production. To
achieve effective transmission and distribution with low cost, a true communication method and true energy
resources must be used on Smart Grid and it’s all parameters must work in harmony.

The fact that there is no common terminology on the term of renewable energy that exists forever on earth but
their resources are not utilized sufficiently. In order to accept this energy as "renewable" it needs to be having
some elements. According to these elements;

e  The source must be sustainable in natural environment or must be reproducible

e  The source, unit of the energy produced in per unit of time, must be equal to the energy drawn from
the source,

e  Source of energy must be the sun [1]

* Corresponding author. Tel.: +90-424-2191010/2460: fax: +90-424-236 7064.
E-mail address: dbunsal@cumhuriyet.edu.tr (D.B.Unsal Celimli ).
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In this regard, the majority of the renewable energy receives energy from the sun directly or indirectly, so that
these resources are not being exhausted, but continuously refreshed. In recent years, energy resources which
are utilized with technological developments are called potentially "new"; and inexhaustible, non-reducing
resources are called as "renewable" energy sources [2].

Terms of renewable energy can be defined as the energy has same fedding rate as using rate, or the energy is
derived from continuously and repeatedly resulting current in the natural environment. [3].

So, it can be said that “Using DER will be the backbone of the future electrical energy system. [4] ”

In the lighting with the use of DERs and the general information of EV connections, which have been
examined in detail in the previous sections, it is the task of studying a system model capable of high-energy
transmission and distribution in accordance with IEEE standards. For this purpose, PVs were selected as a
renewable energy source and the results were obtained by applying the PLC communication method operated
synchronously with the network elements in order to analyze the energy quality degradation effects in the
electrical grid.

According to these targets, firstly the PV model was designed and then the EVs which are the same with
Pecan Street database were simulated in Matlab. Then the houses were designed with real time data available
in the project of pecan street database and taken from the system in certain time periods, the results are
compared and checked with the pecan street database, and finally design process of the MG system started.
The use of MG structures provides to use DERs such as solar sources and allows tolerating the quality
distortion of power which produced from them.

When MG uses with electrical grid, it can be allow to control of the changing loads and power quality which
cause of customers. While providing the ability to control the efficiency of the system power, it is delivered
to the customer by dividing the electrical grid into smaller parts with using MG with DER. But usage of large
amount of DERs causes other challenges in the distribution system (DS) like harmonics and power quality
distortions. To solve it, DERs should be located closer to non-linear loads in system or on the customer side
of meter [5]. So, thanks to its behavior, DERs have spectacular potential to improve power quality of the
distribution grid (DG).

Challenge of power quality could be solved by maintained rising penetration levels of DERs and
interconnecting the MG systems with DG on LV [6]. For this reason, different cases of PV connection on MG
results and calculation results of power quality also improvement researches are the purpose of this study.

2. MICROGRID DESIGN AND POWER QUALITY EQUATIONS

In this section, designing of MG which contains DERs and real customers is examined. And the effects of the
usage of DERs on power quality are discussed. When started to design a MG, it should be considered is how
to respond to the real-time usage data of the design that runs untroubled in the simulation. For this purpose,
attention effect is searched that elements in the MG are designed to compatible with the IEEE and IEC
specifications. Linear and non-linear elements are checked about in accordance with IEEE 519 [7] and IEC
61850 Standards [8], [9]. The designed system general infrastructure is shown in Figure 1 [10].

Generator Distribution System

ElectricVehicle

Fig. 1. Designed System General Infrastructure.

This MG system is designed to reach having best power quality on transmission and distribution. Hence, the
IEEE and IEC standards are used in each part of the system. The IEEE standard requires that distributed
generation sources have not taken an active role in voltage regulation [7]. So, synchronous generators with
power controlling are used in the system. In distribution part, IEEE 13 bus system has been modified to work
with MGs which shown in Figure 2 [10].
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Fig. 2. Modified IEEE 13 Bus Distribution System

The MG is designed in our system defined as a harmonic load and connected to the DG. DERSs are integrated
to the system as PVs in different cases. THD voltage and current changes are calculated with following
equations.

Total Harmonic Distortion (THD) (Voltage);

THD, = 72":\2/(\/") @

Total Harmonic Distortion (THD) (Current);

THD, = zrﬂ )

1
THD Index in Load Bus;
W

n

: Weight Factor at n.th Bus

K . Number of Load Bus
THD_  : THD Index at n.th Bus

n

THDS = 2,0 THD,) (3)

< W)
)

n=1

The indices of the buses in the system are computed one by one. Then effect of DER could be found with
these indices;

THDS, 5 per — THDS e

THDS, =
v THDS .

100 4)

Voltage Change Index;
VAD,, o - VOItage amplitude of the bus before the DER.

VAD : Voltage amplitude of the bus after DERs are integrated.

DER

VADN07 DER _VADDER

100 (5)
VAD,,

VAD, =

This study deals with micro grids in different groups to analyze the harmonic effects of using electric vehicles
and houses together. All the houses’ consumption data are analyzed from the pecan street database and
founded applicable houses which have exactly the same characteristics, same total square foot and same
home appliances and sited on the same region. 10 houses were selected, which use only refrigerator, oven and
air conditioner as home appliances, so that the effects of vehicle consumptions in the houses can be fixed.
The reason for choosing refrigerator and oven as home appliances is that there is no house without
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refrigerator and oven in the region. Also the reason for choosing an air conditioner is about the subject on
"electric grids are already stressed by air conditioning loads" in the Pecan Street 2013 report. The system is
operated with electric vehicles and air conditioner at the same time intervals in the report [10-16].

In the designed MG system, 10 real houses are integrated that provide real time measured data which taken in
Pecan Street database. It is mentioned that all the houses have same behaviors and the use of same model
electric vehicles (EV).

This study is aimed to achieve power quality effects of DER with EV consumption. So, pecan street measured
data is used for the computations in power quality. Mathematical modeling is an important step for running
the data collected from the database in the Matlab. The mathematical models of the designed houses are
shown in Figures 3 and 4.

STEP 1-DISTRIBUTE HOUSE POWER

)

Pgrid(W)

Product

Gain

1-u(1) »
% [P2]
b Product1 Gotol

Gain1

-

Product? Goto2

Uniform Random
Number

Fig. 3. Mathematical modelling of house power distribution.

The data shown as Pgrid is the consumption data from Pecan Street and this is transferred to the grid by
separating it into the current and voltage values together with the parameters taken from the same database.

STEP 2- CALCULATE PHASE CURRENT
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Fig. 4. Calculating a phase current for each house.

The accuracy of the designed system was tested with the results from the measurement elements on the
Matlab diagram which is shown below. Distributed power is decomposed into current and voltage
parameters, and the accuracy of the results is tested by turning it back to power value before it is transmitted
to the grid . Figure 5 shows the measurement elements of a house in the system.
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Fig. 5. Controlling the output scheme for a house.

Harmonics must be limited with the standards. Table I shows the THD limits in IEEE 519 standards [7]. It is
necessary to limit the THDs with the standards to decreasing of the losses in the system [11].

Table 1. Voltage Distortion Limits For Harmonics [11].

Bus Voltage Individual Vy, (%) THDV(%)
V<69kV 3.0 5.0

69<V<161kV 15 25
V>161kV 1.0 15

Firstly, it was reviewed monthly the data to find the highest load demand at the end of the transmission To
found errors which are occurred in real time.

Electrical daily demands real measured data from the huge Electrical Reliability Council of Texas (ERCOT)
in Pecan Street Project database.

Figure 5 shows 10 houses measured data which collected from single family households located in north
Texas. Time period is during a year between May 2016 and May 2017.

If there is trying to examine the daily data for one year, memory deficiency problem is occurred in Matlab.
There is needed a big data to process the hourly data per year. Because of that, data was separated to months
and a time period of 10 days was selected in the month of September, it has the most EV usage. Figure 6
shows the EV usage graphical illustrated chart of 10 houses in a month.

Power consumption [ KW)

- Tinlelﬂ..‘ln}l

Fig. 6. Measured data of power consumption with 10 houses for a year [10]
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Fig. 7. Measured data of power consumption data for September 2016 [10]

Load and transmission line data are given in [14] which used in the system. The MG system is interconnected
with the IEEE 13 bus system and it is limited with the standards. Power quality equations are computed for
each bus in the Matlab. Then the results were analyzed for all cases to understand the effects on PV
connection and resultsare done for three different cases.

3. RESULTS AND DISCUSSION

In this section, three different cases were considered and the situation of the system was examined under
these conditions.

Base
There is no PV connected to the house.
Case 1

One synchronous generator and number of 10 PV (which has total 250kW power) units are used in the system
and connected with the houses.

The short distances which are between the houses were neglected. In this case, it is assumed that 2.5 MW PV
power connected to the 634 bus. Simulations are run for 24 hours because the usage data of the consumers in
the houses are real-time.

Case 2

One synchronous generator and 5 pieces of PV that each one has 0.5 MW power (which has total 250kW
power) units are used in the system and connected with the houses. The PV distributed from 634, 645, 675,
680, 684 buses. Simulations are run for 24 hours because the usage data of the consumers in the houses are
real-time.

Case 3

One synchronous generator and a PV which has 3 MW power is connected to a 675 bus which is farther from
the entrance bus of the house.

DERs are assumed generally to be around 30 percent of the system load. Because of our system has 10552
MW of active power, the distributed energy required to be connected is selected as 2.5-3 MW.

The values of the effect of THD and voltage profile on the work done for different cases are shown in Table
IV and these values are calculated using Equation (1).

It has been shown that with the simulation results. The best quality of energy performance is obtained by
placing the DERs next to non-linear load bus. In addition, when the power of distributed production is
increased, system'’s voltage and power quality indices are improved.

When the DERSs are placed near the non-linear load in the system, the maximum decrease is achieved. But,
when the same power distributed by dividing and separated into 5 different buses, the harmonic voltage
distortions values also decrease.

But, when increasing the power of singular DER and it is connected closer to the houses, harmonic reductions
have been observed in the system, but in this case our values cannot reach the desired standard range.

For three cases voltage profiles results are shown graphically in Figure 8.
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Table 1V. THD for the each bus for different situations and voltage profile results.

Voltage Profile Voltage Fluc. Prof. Index(%) THD (%) (Voltage)

Bus

Base Casel Case2 Case3 Casel Case2 Case3 Base Casel Case2
B650 1 1 1 1 0 0 0 2,49 1,48 1,86
B632 09972 0,9991 0,9994 0,999 -0,19 -0,22 -0,27 2,45 1,46 1,83
B633 0,9986 0,9993 0,9997  0,9996 -0,07 -0,21 -0,1 2,42 1,49 1,85
B634 11,0031 10172 11,0181 11,0178 -0,4 -0,5 -0,47 7,79 451 6,49
B645 0,999 1,0021 1,0058  1,0024 -0,31 -0,59 -0,25 0,26 0,19 0,22

B646 09954 09965 0,9978  0,9968 -0,09 -0,24 -0,14 2,42 1,49 1,85

B671 09957 09969 09974 0,9971 -0,12 -0,22 -0,24 0,28 0,25 0,26

B680 10,9951 0,9963 09972  0,9965 -0,12 -0,21 -0,24 2,42 1,43 1,74

B684  0,9855 09874 09912  0,9899 -0,22 -0,67 -0,44 2,42 1,49 1,85

B611 09951 09968 0,9979 0,9971 -0,17 -0,27 -0,2 2,45 1,45 1,65

B652 0,9817 09872 09891 0,9878 -0,55 -0,74 -0,61 2,42 1,47 1,83

B692 10,9971 0,9985 1,0023 0,999 -0,14 -0,32 -0,88 2,47 1,46 1,88

B675 11,0052 1,0078 11,0092 1,0081 -0,26 -0,4 -0,29 2,42 1,43 1,83

Case3

1,88

1,85

191

7,31

0,23

19

0,13

1,92

1,89

1,88

1,92

19

1,78

* Values which shown in red are outside the IEEE limits.

e VOLTAGE PROFILE BASE
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== VOLTAGE PROFILE CASE3

0%

058

B650 B632 B633 B634 Bo4d Bo46 B671 B6SO B6eS4 B611 B632 B692 B675

Fig. 8. Voltage profiles changes for three cases.
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4. CONCLUSION

In this study, the effects of the PVs on the total harmonic distortions of voltage and current are calculated
with power quality indices of MG system also usage with EVs. System parameters are changed such as PV
power capacity, system position, and singularity or spreading and it is investigated. Also reducing the
harmonics’ on LV networks is aimed. The study was conducted on an distribution of IEEE 13 bus system. As
it can be resulted from analyzes; A general improvement in the tension profile was observed with the
interconnection of DER but, if PVs are connected to non-linear load buses, the harmonic reduction rate is
going to be higher. But, the presence of PV reduces the harmonics in the bar voltages and increases the
voltage harmonics of the lines close the MG. In this case, it is more advantageous to use a singular PV system
in the MG system. The power of the PVs increase will further reduce the bus voltage harmonics.
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Abstract

In recent years, population and the rising of energy demand are both increased on over the world. It is
caused requirements of changing the traditional grid system and using the distributed energy sources
(DERs) to meet with. However, the issue is which standards should be used in conjunction with DERs
parameters and studies on the effects to the grid. There is not providing enough resources for countries
specifically not switched to the smart grid (SG) system yet. In order to increase the number of these
resources, in this study; the standards that can be used in SG connection of DERs are examined and PV
parameters effects of the system is contributed. With IEEE, IEC and ANSI standards, it is especially
aimed at facilitating the integration of DERs into the grid and the process of transition to SGs. In
addition, the study is aimed to be an example of the PVs, which are using as DER application in the SG,
mentioned in the materials and parameters of the contents of it and the benefits of PVs are provided in
controlling the energy demand side management in SG structure. Finally, a real time micro grid (MG)
system was designed to understanding the behaviors of its transmission and distribution system. Then, PV
applications with different materials were made with. In order to provide control with DER standards,
simulated annealing algorithm is used and the effects of PV infrastructure differences on energy
distribution were evaluated to provide an assessment of future smart grid usage.

Keywords: Smart Grid, Photovoltaics.

1. INTRODUCTION

In recent years, transmission and distribution of electricity with the traditional power grid is becoming
insufficient in responding to consumer needs. This is why the need for electricity has emerged a new grid
structure enabling a more efficient transmission. Especially in countries where PV plant installations have not
yet reached high levels, such as our country, it is important to make detailed analyzes in advance of PVs
should be more preferred. In addition to taking into consideration such factors as the effectivity of DER
plants in the distributed structure, the effects of the power quality in the network are also important,
especially before the problems occur on the grid. The study is of great importance in this respect.

The SG is an idea of achieving a more effective system with improved demand-side management on effective
communication technology and efficiency. This idea targets transmitting electricity with high efficiency and
has a very large field of interest such as communications, control systems, and semiconductor technology [1].

In this study, the standards that can be used in conjunction with the distributed energy resources in SGs are
examined and the effects of PV parameters are discussed when energy is transmitted with as DERs on a new
micro grid system which is designed in accordance with these standards.

Pvlerin igerisindeki diyotlarin ideal kabul edildigi noktasindan hareketle, gergege daha yakin enerji Uretimi ve
iletimi yapabilmek icin PV Uretiminde kullanilan diyotlarin da standartlara uygun parametreler ile tretilmesi
gerekliligi noktast vurgulanmistir. Ideal diyotla yapilan enerji iletimleri, daha onceki g¢alismalarimizda

* Corresponding author. Tel.: +90 346-219-1010/2460: fax: +90 346-219-1153.
E-mail address: dbunsal@cumhuriyet.edu.tr (D. Betul UNSAL CELIMLI).
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tirettigimiz parametreler ile ¢alistitirilarak, akim ve gerilime ait harmonik etkileri hesaplanmis ve sonuglari
yorumlanmustir.

From the point where the diodes within the PVs are considered ideal, it is necessary to produce the diodes
used in PVs with the parameters that limited to the standards in order to be able to reach closer transmission
to the real. The energy transmissions made with the ideal diode have been worked with the parameters we
produce in our previous studies, and the harmonic effects of current and voltage are calculated and the results
are interpreted [2]. The effect of PV component behavior is contributed in this study.

For this purpose, firstly, the standards used for distributed energy resources in smart grids are examined.

2. SMART GRID STANDARDS FOR DISTRIBUTED ENERGY RESOURCES

Standardization is able to lead to developments in product and systems, guaranteeing that systems work in
harmony. Commercial operation of the MG framework is shaped by promulgated by international standards
which were established by the United Nations standardization organization under the umbrella of the
Department of Commerce NIST (National Institute of Standards and Technology) [3]. SG technologies and
their applications have been standardized largely by NIST and IEEE. When creating the NIST standards, the
IEEE (Institute of Electrical and Electronics Engineers) and IEC (International Electrical Commission) is
assessing the opinions and recommendations.

2.1. IEEE

IEEE determines standards for devices and systems to contribute developments in the electrical sector. These
standards procedures and parameters would be needed for an MG and all the units (generators, distribution
systems, and consumers) in definitions. And IEEE 1547 and 519 standards are used in this study [4-6].

e |EEE 1547 Standard for interconnection and interoperability of distributed energy resources with
associated electric power systems interfaces. This standard includes voltage, current and frequency
characteristics, possible problems of DER integration, and harmonic limits, also system
requirements.

e |EEE 519 Standard for Harmonic Control in Electric Power Systems, it is recommended
requirements for harmonic control in power engineering and gives limits for individual customers
about harmonic injection and unacceptable voltage distortion.

2.2.1EC

International Electrotechnical Commission (IEC) provides standards with advantages in different parts of
power engineering in smart grid applications. IEC 61850-7 and IEC 61215 (Ed.2) are used in this study [7].

. IEC 61850 Standard is a set of open protocols based on communications generally used in
electrical utilities. Control systems are able to use this standard to communicate between SG
components. Real-time data are able to be programmed like outstation devices with advanced
functionality such as power quality monitoring, phasor measurement, and other SG analysis.
Furthermore, this standard has been extended with IEC 61850-7-420 for the modeling of DER
based generators. Also IEEE standards for distributed energy resources parameters are used [4-7].

e |EC 61215 provides the commercial success of PV is based on long term reliability of the PV
modules. Today’s modules are typically certified to IEC 61215 for Crystalline Silicon Modules,
IEC 61646 for Thin Film Modules and IEC 62108 for CPV Modules and these qualification tests do
an excellent job of identifying design, materials and process flaws that could lead to premature field
failures [8].

2.3. ANSI

ANSI standards known as LonWorks is operated 115 — 132 Mhz bandwidth and can accommodate up to
32,000 endpoints. Although data rate is only 1.5 Mbps, it is suitable for smart energy management
applications [9].

e ANSI C12.19/MC1219 Revenue metering end device tables for smart grid applications.

e ANSI/CEA 709 and CEA 852.1 LON Protocol Suite is a general purpose local area networking
protocol in use for various applications including electric meters, street lighting, and home
automation and building automation.
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3. MICRO GRID DESIGN

Using the standards and parameters described in the previous section, it was described the design details in
our previous studies with a MG system using with Matlab [10, 11]. The most important feature of the system
is that can make energy transmission by using the actual data in accordance with the standards. It is provided
10 real-time home-based data and instant transmission at the desired time intervals.. This system is intended
to be a source for regions that have not yet passed the SG.

Generator Distribution System Houses

Fig. 1. Designed Micro Grid System General Infrastructure

The generator block represents the utility grid and substation transformers used in design. Distribution system
block represents 13 bus IEEE distribution system. Houses and PVs blocks design details and parameters are
and examined in [2, 10, 11]. Also during the designing process all steps were taken to ensure that all other
parameters met the standards.

According to the general system infrastructure, MG model is designed and connected with IEEE 13 bus
distribution system, and then PVs are added with different diode parameters to reach best quality of energy to
understand the aim of this study. Texas Austin University and Pecan Street project data are used for the
simulation and the design is performed in regard to IEC and IEEE Standard parameters to simulate with
Matlab. Figure 2 shows the measurement elements of a house in the system.

/-,1 Grid Connection Power Measurement
A Vabt vane P
labe ot Q
B House (2)
B From
£ + Pecan Street
Three-Phase
V-l Measawement2
led
Controlling the results by Derya Betul
Y =&
< m U

House 2

Fig. 2. Measurement controlling the output scheme for a house

MG model is designed to collect real time house data with distribution and transmission parameters which are
based on standards. Three phase PI section line is used to distribute power and energy from three phase
source to neighborhood. All steps of transmission and distribution are measured with three phase
measurement devices to make break controlling possible. Rest of the system is designed for overload status
when it needs. The neighborhood is designed for 10 houses but the number of it can be changed in other
studies. DERs have potential to reduce the harmonics on the transmission lines, improve the power quality,
make the electric network more stable [2]. Each computation was repeated for each bus by using the
simulated annealing algorithm with the Matlab [12]. In the examination of power quality, the effect of
harmonics is one of the most important points. The harmonic distortion (HD) in the distribution and
transmission system is occurred with the cause of harmonic components, especially increased by used of non-
ideal power electronic elements. The MG is designed in our system defined as a harmonic load and connected
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to the grid. DERs are integrated to the system in different cases and harmonic effects, THD for voltage and
current changes are calculated.

Total Harmonic Distortion (THD) (Voltage);

Zn‘:z (V” )2 (1)

THD, =
D, v,

Total Harmonic Distortion (THD) (Current);

THD, = 2 () @)

1
THD Index in Load Bus;
W

n

: Weight Factor at n.th Bus

K . Number of Load Bus
THD_, : THD Index at n.th Bus

n

3.1. PV System and Parameters

PV energy has the cleanest, environmentally friendly structure among all the renewable energy sources [13].
Since the first day of photovoltaic in the market until now, lasting approximately 40 years, important
developments in technological studies have been recorded [14]. Several major commercially available
photovoltaic device types produced in this period and penetrated into the finding area are; single crystal,
which is a polycrystalline or amorphous; Si (Silicon), GaAs (Gallium Arsenide), CIS (Copper Indium
Diselenide) and CdTe (Cadmium Telluride). The average efficiency rate in this system is between 5% and
30% [15]. The general structure of a PV system is given in Figure 3.

Rs

Vo ,Llu +- i
Isc ' Rp Vv T
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Fig. 3. The structure of PV System

During the production of photovoltaic batteries, an internal electrostatic zone is created near the front surface
of the battery, allowing the electrons to become free. Other elements are placed into the crystal. The presence
of these elements in the crystal prevents the crystalline from being electrically balanced. In the light-faced
material, these atoms distort the balance and sweep the free electrons towards the surface of the battery to go
to the other battery or load. As millions of photons flow into the battery, they gain energy and take it to the
next level, and electrons flow into the electro-static area inside the battery and from there to the battery. This
is the current flow of electricity [16].

In this study we use PV as a distributed energy source; the desired point is to be considered ideal during the
design of PV parameters. In the MG system where we perform NREL's PV model [8], all data is taken from
real homes in the Electrical Reliability Council of Texas (ERCOT) database. However, in real life, it is aimed
that these parameters, which are considered ideal by the fact that no parameters are actually ideal, are
expected to be approximated and chosen according to standards.

The SBDs are used in conjunction with PV systems have become indispensable elements of semiconductor-
based electronic technology today. The most common areas of these devices are microwave diodes, field
effect transistors (FET's), solar cells, photodetectors and PVs. Although the studies have been made in this
area for nearly half a century, there are still many questions about the operation mechanism and electronic
nature of diodes. The importance of Schottky diodes continues to increase every day because it is easy to
create and know its characteristics. Metal-Semiconductor Schottky contacts; Technology has an important
place in industry and electronic circuit elements industry.
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According to the principles of operation of PV, luminous, light, temperature... etc. while characterized by,
there is not much work on the effects of the changes in the structure of diodes within the PVs to the
production of energy [8].

However, with the ideal acceptance of the diodes within the PV, it is further away from the fact that a closer
transmission is made. As displayed in Figure 4, the use of the ideal Si diodes which are quite high in the
opposite direction prevents the receiving of real-time results in electrical conduction [3, 8].

Typical SBD Typical Si P/N diode
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Fig. 4. Comparison of reverse bias with SBD and Si diode

In order to obtain maximum efficiency from Schottky diodes, especially the electronic characteristics of the
diodes, the need to affect the fabrication stage, and the metal and semiconductors used in all of the prime
properties arising from the has been a separate research subject [17]. For this reason, we designed the model
in the internal structure of the PVs typical ideal Si diodes instead of using the SBD to compare the results of
the energy transmission test system on the current and voltage THD measurements were made.

The PV model that we use in the MG model we designed is the model in which NREL has win a record for
the PV efficiency award in 2016 [8]. It is compared to the results of the experiment on the model with its own
parameters.

Data about energy transmission can be collected from each desired point of the system we design. Detailed
data of the system can be found in our previous studies [2, 10 ,11].

We also used the ideal acceptance of all the diodes in the PV internal structure as the movement point,
designed to come to closer reality, the ideal diode parameters removed instead of the parameters we have
previously founded [16]. With the results of the energy transmission made with the ideal diode, we have
interpreted the results of the new transmission.

The results obtained in the basic case, the diode is considered ideal, shows the results of the transmission.

The light intensity of the Base 1 is selected as fixed with base case, only diode-belonging barrier height,
ideality factor and series resistance main characteristic parameters selected in accordance with the standards
Annealed Ni/N-GaAs/s Schottky barrier diode annealed temperature at 200°C.

In Base 2, the main characteristic parameters of the Ni/n-GaAs/Schottky barrier diode's annealed temperature
changed to 400 and the parameters produced in our previous studies by entering the current and voltage
transmissions again is calculated. The parameters used are shown in Table | and the parameter extraction
details using the MABC also described detail in reference [16].
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Table 1. Values obtained by MABC experimental I-V data for the annealed Ni/n-GaAs/In SBD at 200°C and 400°C [16].

Parameter Values(200°C) Values(400°C)
Dsp (eV) 0.7704 0.7928

n 1.0880 1.0562

Rs(Q2) 15.0338 11.9221

£€(min) 2.9036e-007 2.7546e-007

The I-V graphics of the used Schottky barrier diode (SBD) in the system are shown in Figure 5.

10° ——————————— Ref
————— 200°C

4

10 — - - - 400°C

Current (A)

-1.2 08 -04 0 04 0.8
Voltage (V)
Fig. 5. Forward and reverse bias |-V characteristics of the annealed Ni/n-GaAs/In SBD [16].

4. RESULTS AND DISCUSSION

In this study, three different cases were considered and the situation of the system was evaluated under these
scenarios.

Base

There is a micro grid system which is supplied with one synchronous generator with 3 MW of PV connected
to a 675" bus which is farther from the entrance bus with using ideal parameters.

Case 1

The system is supplied with SBDs parameters which are annealed at 200°C. Simulations are run for 24 hours
because the usage data of the consumers in the grid, that is the houses, are real-time.

Case 2

The system is supplied with SBDs parameters which are annealed at 400°C Simulations are run for 24 hours
because the usage data of the consumers in the grid, that is the houses, are real-time.

DERs are generally applied to be around almost 30 percent of the system load, and given that our system has
10552 MW of active power, the distributed energy required to be connected is selected as 3 MW.

The values of the effect of THD current on the work done for different situations are shown in Table 1. These
values are calculated using Equation (1) and (2). When the DERs are connected to the bus with SBD
parameters at different annealed temperature which are 200°C and 400°C, it is determined that the current
harmonics are increased and shown numerically.
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Table 1. Current harmonic distortions of grid and generator side for different situations.

Line 650-632 Base Case 1 Case 2
Line Current(A) 78,75 78,88 78,96
HD._I5 (%) 10,785 10,865 11,655
HD._I7 (%) 4,546 4,578 6,154
HD._I11 (%) 0,54 0,66 0,754
THD._I (%) 10,886 11,116 13,456
Line 633-634

Line Current(A) 54,76 55,45 35,31
HD._I5 (%) 2,99 3,121 4,147
HD._I7 (%) 0,335 0,415 0,541
HD._I11 (%) 0,154 0,198 0,224
THD._I (%) 3,11 3,456 4,874

The results we receive show that the ideal acceptance of the main characteristic parameters of the diodes used
in the internal structure of PV causes differences in energy transmission. Changing the tempering temperature
of the same diode to 400 degrees 200 degrees, even if the energy transmission leads to differences, the
internal structure of the PV used in real life should be examined in detail. Graphical illustration of the results
are also shown in detail in Figure 6. Although the use of the 200°C annealed SBD instead of the ideal diode
has slightly increased the harmonics, conduction in the range of standards according to the results of the
conduction is a successful outcome. In order to improve energy efficiency, it is recommended to increase the
studies in this area.
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Fig. 6. Graphical illusions of current harmonic distortions of grid and generator side for different situations.
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5. CONCLUSION

According to the results obtained using the Matlab, when the diode is considered ideal, although it is
acceptable to be more efficient. But when using real parameters, the results of the transmission by producing
one by one is being in the range limit of standards is proof of success. 200 degree of annealed diode
parameters gave more successful results in transmission, and these results were checked and validated by
comparing the references in the range of current harmonics given in the IEEE and IEC standards [4-7].
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Abstract

Waste management is a research object that is gaining importance every day in the World and Turkey.
The studies in the literature in recent years show that important studies have been carried out on marble
wastes. Since our country has a high amount of marble reserves, it has an important place in the world in
terms of the marble potential. Marble wastes, which cannot be stored, have become an important factor
that increases the environmental pollution because the marble industry has been developing day by day.
The present study aims to ensure the recycling of waste marbles in our country and provide a different
perspective on the utilization of waste marbles. For this purpose, firstly a series of concrete samples were
prepared for different w/c ratios with fixed cement dosage using waste cherry marble and limestone
aggregates. Some fresh and hardened concrete properties of concrete mixtures containing marble
aggregates and reference concrete mixtures were compared using 150 x 150 x 150 mm concrete
samples. According to the results obtained, a higher quality and performance concrete has been
produced with marble aggregate. Then, it was planned to produce materials such as pencil, calendar, and
decorative items from the existing waste marble within the scope of this study. Thus, it is aimed to obtain
beneficial goods for people from these wastes which are harmful to the environment and to provide great
economic benefits. It is thought that obtaining the mentioned products from the wastes of cherry marble
peculiar to the Elazig region will lead to great business opportunities especially for our province and
advantages to create an economic market. In this study, it is thought that bringing useful and original
products to the market thanks to the recycling of waste materials will be beneficial also for the private
sector.

Keywords: Waste marble aggregate, waste management, recycling, architectural concrete.

1. INTRODUCTION

In recent years, increased consumption of materials through industrial growth has led to the rapid depletion of
natural resources such as raw materials and energy. On the other hand, a significant amount of waste emerges
with the increasing production, and these wastes cause a gradually increasing damage to the environment.
Many countries and international organizations are attempting to minimize this damage and utilization of
waste materials through new regulations. It is considered that using these wastes, which are not possible to be
stored, as raw materials in the industry will provide great benefits both from environmental and economic
aspects. Conventional materials such as clay, sand, stone, cement, brick, tile, whitewash, paint and steel are
used in many different building components in the construction sector. All these materials are derived from
existing natural sources, but their increased use causes serious damage to the environment. The harmful gas
emissions during the production of these materials have a great negative effect on air, water, vegetation,
animals, and human health and living conditions.

It is estimated that the production of 12 billion tons of waste in 2002, of which 11 billion tons is industrial
waste, will globally increase to 25 billion tons in 2025. If no measure is taken, it is obvious that this will pose
a great threat to the environmental health [1].

* Corresponding author. Tel.: +90 424-237-0000 / 5430: fax: +90 424-241-5526.
E-mail address: esratugrul@firat.edu.tr (E. Tugrul Tunc).
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Marble waste is one of the most important problems of the marble industry. Not to utilize these waste
materials leads to a major economic loss. Waste marble aggregates are obtained by breaking or processing the
marble waste arising from the marble production.

In many studies in the literature, waste marble aggregates have been used instead of aggregates.

In the study by Binici et al. (2008), marble and granite wastes were used as the recycling aggregates in
concrete and the mechanical properties such as the effect of these waste materials on the concrete strength
were investigated [2]. Similarly, Martins et al. (2014) investigated the change in the mechanical performance
of concrete with the use of marble aggregates [3]. In addition, Andre et al. (2014) have concluded that the use
of waste marble aggregates in concrete is more appropriate in terms of concrete strength [4]. Moreover, a test
was carried out by Tugrul (2017b) for the cherry marble aggregate used in this study and positive results were
obtained in terms of its usability in concrete [5].

Marble aggregates have been widely used in SCC. Uygunoglu et al. (2014) investigated the use of recycled
aggregates and waste marble in the production of self-consolidating concrete (SCC) [6]. Alyamag et al.
(2017) studied the usability of waste marbles in SCC instead of aggregates with the response surface method

[71.

The present study aims to contribute to the environmental health as well as to the economy of the country by
using cherry marble aggregates peculiar to the Elazig region in concrete. Thus, it is aimed to prevent
environmental pollution with the utilization of marble wastes remaining from the marble pieces processed in
marble factories and to gain economic profit by using them. In addition, creating employment thanks to the
architectural concretes obtained using marble aggregates is also a factor that will make this study important.
This study is thought to be beneficial to the private sector by bringing useful and original products to the
market thanks to the recycling of waste materials.

2. MARBLE POTENTIAL AND RECYCLING OF WASTE MARBLES

Recently, marbles and marble properties have been studied by many researchers. Marble is extracted from
700 quarries in Turkey. These quarries contain 1200 marble processing plants and 1600 workshops. The
characteristics of the produced marble product should conform to the TS 699, TS 1910, TS 2513 standards
[20, 21, 22]. Approximately 90% of the marble quarries with significant marble potential located in the west
of Turkey are in Marmara Island, the Aegean Region, and Afyon province. The most important provinces in
our country regarding available marble reserves and quarries are presented in Figure 1, together with their
production rates and quantities.

1.300 milion m*

The others 19%

960 milion m?

Balikesir 27%

181 milion m?* Mugla 6%

Denizli 8%
Afyon 24%

72 milion m?

135 milion m?
406 milion m®

Fig. 1. Distribution of marble reserves and quarries in Turkey [1].

Marble powder is marble particles which are formed during cutting of blocks and plates in marble processing
facilities and the majority of which is less than 300 microns. Yildiz and Eskikaya, (1995) and Onargan and
Kdse (1997) determined the total amount of marble powder generated when cutting and other marble
processing phases as 30% of the processed marble on the average [8, 9]. The marble mud formed because of
the use of water during the cutting of the marble blocks should also be taken into account [10]. According to
Ceylan (2000), the marble mud is about 20% of the total marble processed [11]. Montero et al. (2009)
investigated the use of marble mud instead of clay on the material properties. In this study, an increase was
seen in the bending strength and a decrease in the water absorption properties [12].
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As mentioned above, waste marble powder has been the subject of many studies since it has a significant
potential. For example, Alyamag and Tugrul (2014) investigated the strength and usability of marble concrete
samples they obtained using marble dust and broken marble fragments [13]. Alyamac and Ince (2009)
investigated the mechanical properties of fresh and hardened SCC concrete they obtained using marble
powder [14]. Baboo et al. (2011) used marble powder and granules as mortar and concrete components in
their study. It was concluded that the use of marble powder and waste marble granules and the increase of
their amounts in certain proportions have resulted in increased processability and compressive strength of
concretes and mortars [15]. Similarly, in the study by Bilgin (2010), it was concluded that the permeability
decreased, and processability and freezing and thawing strength increased when marble powder is used
instead of concrete aggregates [16]. In addition, in the study by Unal and Uygunoglu (2004), where the
optimum utilization rate of marble powder was investigated, it was concluded that the use of marble powder
in the concrete mixture at a rate of 10% would be appropriate [17].

3. EXPERIMENTAL STUDY

3.1. Material Properties

The aggregate type with the largest grain diameter of Dmax=31.5 mm of the waste of cherry marble extracted
in Elazig province was used in this experimental study (Figure 2). In addition, Elazig calcareous aggregates
with Dmax=31.5 mm were used to produce reference concretes.

-~ Jrte e 14, T

5
34,

e

. A o
oarse; (b) fine; (c) medium [18].

Fig. 2. Waste herry marble aggregats: (a) C

The saturated dry surface specific weights and water absorption rates of the cherry marble and calcareous
aggregates are presented in Table 1. As a result of the sieve analysis tests performed in the laboratory, it was
determined that the granulometry curves of both cherry marble aggregates and calcareous aggregates are
between the A32-B32 standard curves according to the TS 802 standard. In this respect, it is appropriate to
use the present aggregates in the concrete mixture (Table 2).

Table 1. Properties of the cherry marble and calcareous aggregates.

Cherry marble Limestone
Sa e (g/cmd) 2.65 Sy (g/cmd) 2.70
Say™U™ (g/cm®) 2.68 Sap™dm (g/cm®) 2.69
Sai'™ (glcm®) 2.57 Say™ (glem?®) 2.71
S50 (%) 12 S0 (0/9) 0.8
Samedium (9%) 14 S,medim (05) 1.0
Sa" (%) 1.8 Sa™ (%) 14
Los Angeles (%) 32 Los Angeles (%) 46.2
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where Saykeoarse = rough aggregate saturated surface dry unit volume weight, Saykmedium = medium aggregate
saturated surface dry unit volume weight Sqwfine =fine aggregate saturated surface dry unit volume weight,
Sacoarse =rough aggregate water absorption ratio, Samedium=medium aggregate water absorption ratio, Safine
=fine aggregate water absorption ratio.

Table 2. Gradation of the cherry marble and calcareous aggregates.

32 16 8 4 2 1 0.5 0.25 Sieve diameter

Passing the sieve (%) 100 91 52 49 24 17 12 7 Cherry marble

100 85 58 48 37 22 10 6 Limestone

The CEM 1 42.5 N Portland cement was used in the present study. The initial setting time was 2.6 h and the
final setting time was 3.5 h for the cement with the specific weight of 3 g/cm3. The Blaine specific surface
area was 3490 cm2/g (Tugrul, 2017b). According to the TS EN 197-1 standard, the 2-day, 7-day, and 28-day
compressive strength values of the cement mortar were 25.8 MPa, 38.1 MPa, and 49.1 MPa, respectively
(Tugrul, 2015).

3.2. Design of Concrete Mixture

A series of concrete samples were prepared for different w/c (0.5-0.55-0.60) ratios using the cherry marble
and calcareous aggregates by keeping the same cement dosage (400 kg/m3). Aggregates with different sizes
and the cement and water weights (for 1 m3) forming the concrete mixtures (MC) containing marble
aggregates and the reference concrete mixtures (LC) containing calcareous aggregates are presented in Table
3. The saturated dry surface weights of the aggregates in mixtures were taken into account.

Table 3. Design of concrete mixture and slump values.

Cement Coarse Medium _ , Slump

(kg/m?) gm) (kg/m?) Fine (kg/m°) wi/c o)
MC1 400 434.1 436.4 830.2 0.5 0
MC2 400 421 423.1 805 0.55 25
MC3 400 407.8 409.9 779.8 0.6 12
LC1 400 708.9 87.4 976.1 0.5 2
LC2 400 687.4 84.8 946.5 0.55 14
LC3 400 665.9 82.1 916.9 0.6 14.5

A mixer with a vertical axis, which turns around its own axis at 1.5 cycles/second, was used to obtain the
concrete samples with the mixture contents given in Table 2 (Figure 3-a). First, the cement and aggregates
were added to the mixer and were mixed in the dry state for about 1 minute. Then, half of the water to be used
was added and it was continued to be mixed for 1 minute more and the mixer was finally stopped after
providing enough homogeneity. The concrete mixture obtained as a result of these procedures was ready for
the slump test. A cut slump cone conforming to the TS EN 12350-2 standard [23] was used to identify the
fresh concrete properties of the concrete samples (Figure 3-b). It was seen that the slump values of both
concrete samples containing MC and the reference concrete samples containing LC increased with the
increased water/cement (w/c) ratio. The lowest and the highest slump ratios were found in the MC1 and LC3
mixtures, respectively. In general, the slump values of the LC mixtures were higher than those of the MC
mixtures.
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Fig. 3. Pouring of concrete and determining the fresh concrete properties of the mixtures: (a) Concrete mixer; (b) Slump test

A total of 36 concrete samples were prepared to determine the hardened concrete properties of the MC and
LC mixtures with 2 different aggregates, 3 different w/c rates (0.5-0.55-0.60), 3 different types of samples
and 2 cubic samples (150x150%150 mm).

The prepared concrete samples were put into the curing pool at 23+2°C and taken out of the pool at the end of
the 28th day. The compressive strength tests were performed on the 150x150x150 mm cubic samples with
dried surfaces according to the TS EN 12390-3 standard [24] and the splitting tensile strength tests according
to the TS EN 12390-6 standard [25].

4. TEST RESULTS AND DISCUSSION

In this study, the strengths of the MC samples were compared with those of the LC samples produced as the
reference for different water/cement ratios. As a result of the literature review, it was preferred to use
calcareous aggregates in the reference concrete samples prepared for this study. For example, in the study by
Tugrul (2017a), another calcareous aggregate having the characteristics similar to those of the calcareous
aggregate used in this study and the strengths of the concrete samples obtained were investigated [19]. In
addition, there was a good conformity between the results of the compressive strength and the tensile strength
tests. Table 4 shows the results of the tensile strength and tensile strength tests of all samples prepared.

Table 4. Design of concrete mixture and slump values.

MC1 MC2 MC3 LC1 LC2 LC3

f. (MPa) 443 405 378 436 391 351

fi (MPa) 4.89 4.75 4.44 4.61 4.5 4

According to Figure 4a, the compressive strength values decreased as the wi/c ratios increased in both MC and
LC samples. In Figure 4a, it was seen that the compressive strength values of the MC samples were higher
than those of the reference LC samples. This difference increased prominently as the w/c increased. It was
seen that there was an increase of approximately 1.6% in the compressive strength for w/c=0.50, 3.6% for
w/c=0.55 and 7.7% for w/c=0.60. In addition, it can be seen that there was a higher decrease in the
compressive strength as the w/c increased from 0.50 to 0.55. In general, the fact that the compressive strength
results are between 37.8-44.3 MPa for the MC mixtures and between 35.1-43.6 MPa for the LC mixtures
shows that these two aggregate types can be safely used in concrete mixtures. Particularly, it was concluded
that the quite large reserves of marble aggregate in our country could be beneficial for high quality and
performance concrete production and lead to positive results for the economy and the environment. In Figure
4b, the change of splitting tensile strength depending on the w/c ratio is in the way of linear decrease as is the
case in Figure 4a. In Figure 4b, contrary to the Figure 4a, it is seen that there is a higher decrease in the
splitting tensile strength as the w/c ratio increased from 0.55 to 0.60.
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Fig. 4. The change of strength values of 150x150x150mm cubic samples with w/c: (a) for the compressive strength; (b) for
the splitting tensile strength
Figure 5 shows the correlation between the compressive strength and the splitting tensile strength of all

concrete samples prepared. A linear increase is seen in the graph. The high correlation coefficient shows that
the compressive strength and the splitting tensile strength have changed in proportion to each other.
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Fig. 5. Change of compressive strength values of standard cubic samples with the splitting tensile strength for different w/c

ratios.

5. PRODUCTION OF ARCHITECTURAL CONCRETE WITH MARBLE WASTES

In this experimental study, it was stated in previous chapters that quite good results can be obtained in terms
of strength by using waste marble aggregate in concrete. In this chapter, a different perspective is presented
with architectural concrete mixtures produced with waste marble aggregates. Thus, it is seen that waste
marble aggregates can be used in the production of office and decorative items. The materials produced in
this study are completely original. The work performed in this chapter is as follows:

Firstly, the molds for the products to be obtained were prepared and the concrete casting was carried out by
using the mixture content given in the previous chapter. The samples removed from molds were put into the
curing pool and the samples gained strength were taken out of the curing pool at the end of the 28th day. As a
result of these works, recycled pens, table-top calendars, office decorations, and similar products were made
from waste cherry marble (Fig. 6).
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Fig. 6. Castings made for architectural concrete production

It was tried to obtain an aesthetic appearance with the procedures such as surface cutting and polishing to
make the decorative marble concrete samples final usable products. Complementary products were made with
waste steel materials to ensure the integrity of the products. In addition, in the desk calendar, the apparatus
manufactured in the laboratory was used to easily provide portable rotation. The prototype products obtained

are presented in Figure 7.

Fig. 7. Architectural concrete brbduced from waste cherry marble
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6. CONCLUSIONS

The results obtained from the present study which aims find ways to utilize waste marble with recycling both
in conventional concrete and architectural concrete are presented below.

e Waste marble aggregates have been found to increase the compressive strength and the splitting
tensile strength of the concrete. This has been confirmed by a comparison with the reference
concrete.

e It was seen that the compressive strength and the splitting tensile strength decreased with the
increasing w/c ratio in all concrete samples prepared in this study.

e Alinear change and a fairly good conformity were obtained between the compressive strength and
the splitting tensile strength values.

e The idea of creating a new economic market was created with architectural concrete products
produced by using waste marble fragments. Thus, it was possible to convert waste marbles, which
cause environmental pollution, into office and decorative items. It is considered that this study will
provide great benefits to the economy of the country.
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Abstract

Aggregates to be used in the concrete manufacture or in places where concrete is to be subjected to
abrasion should be resistant to abrasion. Since aggregate forms a large part of the concrete volume, it is
planned to produce concrete resistant to external effects by using an aggregate type with high abrasion
strength. This study aims to determined aggregates with high abrasion strength and makes them available
to application engineers so that they can be used in the concrete manufacture. The present study
investigates the abrasion strength of basalt aggregates extracted in Elazig province. The abrasion
strengths of the said aggregates were experimentally analyzed under different conditions by changing the
Los Angeles (LA) parameters. A series of experiments have been carried out to investigate the effects of
increasing numbers of balls and revs on the abrasion strength. The abrasion tests were performed
separately for the basalt aggregates used in the experiments to evaluate the effect of each parameter on
the abrasion strength. Firstly, the effect of increasing number of abrasive balls was investigated. Then, in
addition to the experiments performed in the first group, abrasion tests were performed for different
numbers of revs to analyze the correlation between the abrasion and the numbers of revs. The tests
showed that as the numbers of balls and revs increased, the LA values of the aggregates increased, and
the abrasion strengths decreased. When compared to other aggregates used in other studies in the
literature, it was determined that the basalt aggregate extracted in Elazig province had a quite high
abrasion strength. It is considered that a high quality and performance concrete will be obtained with the
use of the present aggregate.

Keywords: Basalt aggregate, Los Angeles value, abrasion strength, concrete.

1. INTRODUCTION

Aggregates are granular materials such as sand, gravel, and ballast that are used together with cement and
water in the manufacture of concrete. The abrasion strength of concrete is closely related to an aggregate’s
abrasion strength. Postacioglu (1987) ve Baradan (1991) stated that concretes used in roads and airports are
under the impact and abrasion effects and therefore the abrasive strengths of coarse aggregates used in the
making of these areas should have a high abrasion strength. Since the amount of cement in concrete is less
than the amount of aggregate, the actual abrasion acts on the aggregate. In this respect, the use of abrasion
resistant hard aggregates in the concrete manufacture increases the resistance of concrete against abrasion [1,
2]. Poitevin (1999), investigated the usability of limestone, a hard aggregate type resistant to abrasion, in
concrete to increase the strength of concrete against abrasion and its effect on the mechanical properties of
concrete [3].

Akbulut et al., (2006) performed the Los Angeles abrasion tests on the (A and B) aggregates procured from 2
different stone pits to be used in the road pavements in Afyonkarahisar. At the end of the Los Angeles test,
the abrasion loss values were found as 15.2% for the sample A and as 27.3% for the sample B [4]. Similarly,
Turabi and Okuyucu (2007) analyzed the abrasion strength of 3 different types of aggregate used in the
roadworks of Balikesir province and investigated the availability of base course according to the Roads

* Corresponding author. Tel.: +90 346-219-1010/2314: fax: +90 346-219-1241.
E-mail address: iciea2018@gmail.com (H. Esen).
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Technical Specifications. The Los Angeles experiment was carried out on the aggregates from three different
stone pits. According to the results of the experiment, the abrasion losses were 27%, 15%, and 23 %,
respectively [5]. Rangaraju et al. (2008), analyzed the effects of aggregate gradation on the abrasion losses
found in the micro deval and LA abrasion tests. These values were found to be in accordance with NCHRP
04-19 (NCHRP 04-19 study recommendation of maximum loss of 18%) [6].

Karpuz and Akpinar (2009) investigated the effect of the fine aggregate type used in roads on the abrasion
strength. They applied the Bohme abrasion test to concrete samples manufactured with limestone, basalt, and
limestone + basalt aggregates. The abrasion strength values were found to be 33.1% for limestone aggregates,
21.3% for basalt aggregates and 27.8% for limestone + basalt aggregates [7]. Yilmaz et al. (2011)
investigated the conformity of the abrasion strength of ballasts produced in Afyonkarahisar breaking and
screening plant to the Concrete Aggregates Standard. They used the Los Angeles (impact abrasion) test to
determine the abrasion strength of coarse aggregates. The aggregate abrasion strength values obtained were
low. This was in accordance with conditions stipulated in the Standards and there was a high resistance to
mechanical effects [8]. Alyamac and Tugrul (2014) investigated the use of marble in concrete in their work,
which included the Los Angeles abrasion loss values of marble aggregate [9]. Tugrul (2017a) performed a
series of Los Angeles abrasion tests to determine the abrasion strength of the marble aggregate. According to
the results obtained, it was determined that the abrasion strength of the marble aggregate conforms to the
standards [10]. In Tugrul 2017b, the availability of limestone aggregate belonging to Elazig region was
investigated and positive results were obtained [11].

The present study includes a series of Los Angeles abrasion experiments conducted to investigate the change
in abrasion strength of basalt aggregates extracted in the Elazig province, under different conditions. The
increasing numbers of balls and revs are the parameters of this experimental study. The study aims at
achieving both economic and environmental benefits by using the aggregate which has a high abrasion
strength and is easily procured. Thus, it is thought that a high quality and performance concrete will be
obtained.

2. BASALT

Basalt is an important stone from the gabbro family. Being a volcanic rock is the most important feature of
basalt. It was created by volcano eruptions. Basalt, which is not affected by natural conditions, hard, almost
no water-absorbing, fine-grained, dense, and resistant to heavy loads, is found in black, gray and smoky
colors in nature (Figure 1). Its most distinct feature is that it has a hard structure compared to other stones. It
is at the forefront with its durability and has a high abrasion strength. Basalt is a quite abundant rock which is
easy to find. This has increased its usage areas even more. Concretes containing basalt aggregates are widely
used as building materials since they have a high compressive strength. Basalt aggregates are generally
preferred in building constructions, pavements, roads as stone chips, garden walls, decorative applications,
bridges, coatings, landscaping applications, and railways.

Fig. 1. Basalt

Korkang and Tugrul (2003) investigated the usability of the basalt extracted in Nigde province as the concrete
aggregate. The experimental studies were conducted by using Melendiz basalts (PK, PS, BB, B, AS, and
AAS), Karatas basalts (E, KE, K, and O), and Igredag: basalts (I) in the region. The results of the aggregate
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impact value (AlV) and Los Angeles (LA) abrasion strength tests performed to determine the mechanical
properties of these basalts are given in Table 1 [12].

Table 1. Abrasion test results of the basalt aggregates [12].

Basalt (AIV) % (LA) %
PK 576 14.24
PS 558 14.78
BB 5.85 18.65

B 5.02 16.73
AS 6.99 18,54
AAS 545 15.43
E 5.12 12.87
Ke 4.89 14.72
K 544 18.74
0 7.59 21.30

I 6.06 15.41

According to the results of the Los Angeles abrasion test, the basalt E had the highest abrasion strength
(12.87 LA %), and the basalt O had the lowest abrasion strength (21.30 LA %). According to TS 706 EN
12620+A1, the limit value of abrasion was determined as LA=50%. When all results obtained are examined,
it is seen that basalt aggregates are quite resistant against abrasion [12].

3. EXPERIMENTAL PROGRAM

3.1. Materials

The basalt aggregates belong to a private ready-mixed concrete company in Harput Elazig were used in this
experimental study (Figure 2).

| @ "
Vo Wy

Fig. 2. Elaz1g province basalt aggregates in the stone pit, (a) coarse aggregate, (b) medium aggregate, (c) fine aggregate [13]
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The granulometry curve for basalt aggregate mixtures with the largest grain diameter of 31.5 mm is presented
in Figure 3. The best compactness is provided by the curve graph of the mixture (excluding 16.0mm and
0.125mm) corresponding to the A32-B32 region. According to TS 802 [14], it is seen that the basalt
aggregates used in the present study are suitable in this regard (Figure 3).
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Fig. 3. The granulometry curve of basalt aggregates

The physical properties of the basalt aggregates used in this experimental study such as saturated dry surface
specific weights and water absorption rates are presented in Table 2.

Table 2. Physical properties of basalt aggregates.

Saturated surface dry specific weight of aggregates (coarse aggregate), Sas®™ (g/cm?) 2.85
Saturated surface dry specific weight of aggregates (medium aggregate), S gsg™4™ 2.86
(glem®)

Saturated surface dry specific weight of aggregates (fine aggregate), Sqsa™™ (g/cm®) 2.79
Water absorption (coarse aggregate), S,%" (%) 0.7
Water absorption (medium aggregate), S,™%™ (%) 0.8
Water absorption (fine aggregate), S, (%) 1.4

3.2. Los Angeles Abrasion Test

The Los Angeles abrasion test was carried out considering the TS EN 1097-2 or ASTM C 131 standard [15,
16] to determine the abrasion strength of the said basalt aggregates.

The present tests were performed using the Los Angeles abrasion test device in the Building Materials
Laboratory of Firat University (Figure 4). A total of 5000 g basalt material conforming to the standard (TS
706 EN 12620+Al1) [17], 2500 g from the coarse-grained material and 2500 g from the medium-grained
material, was washed for the experiment and weighed after being dried in a drying-oven at 110+5°C. This
procedure was continued until the sample reached a constant weight. The balls and dried samples were put in
a drum that rotates at 31-33 revs per minute at a constant rate and the cover was closed, and this procedure
was completed after 500 revs. The test samples were sieved through a 1.4 mm aperture size sieve and the

samples remaining on the sieve were weighed. Following these procedures, the LA abrasion was determined
in accordance with the TS EN 1097-2 Standard [15].
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Fig. 4. Los Angeles abrasion device, (a) closing drum before abrasion, (b) after abrasion

4. EXPERIMENTAL FINDINGS

In this chapter, the abrasion strength of the present basalt aggregates was analyzed experimentally under
different conditions by changing the Los Angeles (LA) parameters. A series of experiments were carried out
to investigate the effects of increasing ball number and rev number parameters on the abrasion strength. The
abrasion tests were carried out separately with basalt aggregates used in the experiment to evaluate the effect
of each parameter on the abrasion strength. The experiments were performed for 12 balls (5000 g), 18 balls
(7500 g) and 24 balls (10000 g). The number of revs, however, were set as 500, 1000, 1500, and 2000 revs.
At the end of the Los Angeles abrasion experiments, the appearances of the materials passing through the 1.4
mm sieve and the remaining materials are shown in Figure 5.

(@) (b) ©
Fig. 5. Oversize — undersize remaining amounts of abraded basalt aggregates, (a) 12 balls, (b) 18 balls, (c) 24 balls

The Scanning Electron Microscope (SEM) test was performed using the EDX micro-analysis device to
investigate the microstructure of basalt aggregates. The magnification of the SEM image was chosen as
x5000 (Figure 6). An analysis of the elementary structure of the aggregate showed a porous microstructure.
However, the thicknesses of these microcracks were low.
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Fig. 6. SEM image for x5000 magnification

In the first group experiments, the correlation between the increased number of balls and revs and the LA (%)
value was investigated. For this purpose, the balls with constant weight and diameter were increased 6 pieces
each and the tests were performed with 12, 18, and 24 balls. According to the results obtained from the tests,
as the number of revs increased (500-1000-1500-2000), the LA value increased and therefore the abrasion
strength decreased. According to the TS EN 1097-2 Standard, the standard abrasion strength test is performed
with 12 balls and 500 revs. These calculated values should not exceed maximum 10% for 100 revs and 50%
for 500 revs according to the TS 706 abrasion limit value. In the abrasion tests performed for 500 and 1000
revs, it was seen that the LA % was under the limit condition. The LA (%) value did not decrease much even
in the abrasion tests performed with 24 balls and 2000 revs where the total ball weight was very high. This
shows that the abrasion strength of basalt aggregates was quite high (Figure 7).

80.0
60.0
E 400 em12 balls
£ ====]18 balls
200 =24 balls
0.0

500 1000 1500 2000

Revoulation number

Fig. 7. The change of LA (%) values with the increasing numbers of balls and revs

In the second group experiments, in addition to the experiments carried out in the first group, the correlation
between the increasing numbers of revs and the number balls and the LA (%) value was investigated. For this
purpose, the number of revs was increased 500 each and the abrasion tests were performed for 500, 1000,
1500, and 2000 revs. According to the Figures 7 and 8, it was seen that the LA (%) value increased with the
increased numbers of balls and revs and therefore the abrasion strength of basalt aggregates decreased.
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Fig. 8. The change of ball numbers and LA (%) values for the increasing numbers of revs

5. CONCLUSIONS

In the present study, the abrasion strength of basalt aggregates was experimentally investigated with the
increasing number of balls and increasing number of revs parameters. It is known that there is a close
correlation between the abrasion strengths and the compressive strengths of aggregates. Aggregates with high
abrasion strength should be used to produce high quality and performance concrete. In the present study, the
abrasion strength of the basalt aggregates of Elazig province and the following results were obtained:

« As the number of balls increased (12-18-24 balls) the abrasion strength of aggregates decreased, and
the LA values increased, and the increased number of balls reduced the abrasion strength.

 The abrasion strengths of the aggregates decreased with the increased number of revs (500-1000-1500-
2000 revs), and the increased number of revs reduced the abrasion strength of aggregates.

« The lowest LA (%) value was obtained in tests performed for 12 balls and 500 revs. This value is fairly
below the limit values given in the TS 706 standard. Thus, it was concluded that the said aggregate
had a quite high abrasion strength.

* The standard LA value of the basalt aggregate of Elazig province used in this study was determined as
11.5%, and it is thought that high-strength concretes can be obtained with the use of these
aggregates in the concrete manufacture.

* The highest LA (%) value was obtained from the abrasion tests performed for 24 balls and 2000 revs
and the LA value was determined as 72.6%.

 According to the SEM analysis, there was a porous microstructure, while the pore spaces were not too
open.
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Abstract

Due to the structural properties of titanium and its alloys, it has many advantages over most metals.
Especially in the important fields such as health, automotive and aviation, great interest has been
widespread in recent years. The increased use of titanium in many areas has increased the research and
experimental work on this alloy. Coatings made on the surfaces of titanium and its alloys protect the
material against environmental influences and increase its strength. In this study, hydroxyapatite was
formed by hydrothermal method on the surface of Ti6AlI4V alloy. The surfaces of Ti6AI4V alloys were
pretreated using the sanding method. The obtained samples were surface coated using hydrothermal
method which is one of hydroxyapatite methods. When surface coating is performed, different
temperature or time values are applied for each sample. Six specimens were divided into two groups and
experimental study was carried out. The three samples in the first group were heated at 180°C for 18, 24
and 30 hours, respectively. The three samples in the second group were heated at 200°C for 18, 24 and
30 hours, respectively. Scanning Electron Microscope, X-Ray Diffraction and Atomic Force Microscopy
instruments were used for the analysis of the obtained samples. The effect of temperature and time
parameters was examined by comparing the analysis results of each sample.

Keywords: Ti6Al4V, Hydrothermal, Hydroxyapatite, Scanning Electron Microscope.

1. INTRODUCTION

Titanium and its alloys are used in industrial, chemical and many other areas. When examined from the
standpoint of its properties, it is superior to other metals. In recent years, the use of titanium has increased in
the air and marine industries. The strong structure of titanium, its rigid structure, its lightness, its resistance to
high temperature and its resistance to corrosion make it widely used. Along with the developing technology
in the last thirty years, metal processing methods are also developing. Parallel to this development,
biomedical field use is increasing. In recent years, it has significantly increased the use of titanium and its
alloys in medical and dental operations [1].

Metals, ceramics, polymers and composites used to support organs and tissues in the human body are called
biomaterials. The most important characteristic of biomaterials is their compatibility with the body. When
these materials are used inside the body, they do not prevent the development of the surrounding tissues. It
also does not create undesirable conditions such as inflammation and clots in the body. Titanium and its
alloys, which are well-connected to the bone and easily accepted by tissues, are widely used biomaterials [2].
There are many factors that enable the use of titanium and its alloys in biomedical fields. Titanium has a
mechanically resistant structure. If these alloys come into contact with oxygen in the air, no oxide layer is
formed. The coating of titanium and its alloys with other metals does not cause galvanic flux in the body. The
materials made of titanium and its alloys are compatible with the structure of the bone.

There are many studies in the literature about titanium and its alloys. Mustafa [3] studied the formation of
intermetallic coating on the pure titanium sample surface in his master thesis study. The Electro Spark
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Accumulation (ESD) method is used to improve the surfaces of titanium samples [3]. Titanium samples of
commercial purity were used in experimental studies. Applied the Electro Spark Accumulation method using
aluminum rods in commercial purity. Ozgur [4] has developed an application to study the oxidation behavior
and characterization of titanium and its alloys. It is aimed to increase the wear resistance of titanium alloys.
He also tried to increase the biocompatibility of titanium alloys. Parameters such as voltage, solution type and
molarity were used in the oxidation experiment. Thus, in the experiments using phosphoric and sulfuric acid
solutions of titanium, Ti6AI4V and Ti6AI7Nb alloys in commercial purity, the behavior of the samples was
investigated and analyzed. The roughness of the titanium samples was examined and scanned electron
microscopic images were obtained [4]. Hakan [5] has done plasma nitruration and refinement of the surface
properties of titanium and its alloys at high temperature values of 600, 700, 800 degrees. Results were
obtained using different durations, such as 2,4 and 9 hours, as the nitruration process. Nitruration has been
applied on samples such as titanium and alloys in commercial purity. As a result of the application, the
surface roughness was analyzed by using a set of measurements on the samples, phase analysis using X-ray
Diffraction (XRD) and Atomic Force Microscopy (AFM) [5]. Eyup [6] improved the surface properties of
Ti6A14V alloy by heat treatment. As a result of the heat treatment, samples and original samples were
analyzed with optical microscope and scanning electron microscope, surface scratch test, surface roughness
and hardness measurements. The thickness of the scratch on the original sample before heat treatment was
178 pm, but this value decreased by about half with thermal treatment. In addition, with increasing hardness,
surface scratch resistance increased while friction coefficient values and line thickness decreased [6].

Yetiskan [7] analyzed the effect of thermal oxidation on the surface of the CP-Ti and Ti6Al4V alloy and on
the corrosion resistance. Thermal oxidation processes have been tested for varying temperature and time
parameters in a vacuum environment. Analyzes of oxidized samples and original samples as a result of
thermal oxidation were examined by optical microscope studies, surface roughness, settling measurements
and X-ray diffraction analyzes. Scratches and corrosion tests were carried out on samples prepared under
thermal oxidation conditions according to the results obtained in the analysis [7]. Onder [8] coated
hydroxyapatite on Ti and Ti6Al4V by electrophoresis. In the Baki master thesis study [9], the surface
characterization of Ti6Al4V alloy was investigated by hydroxyapatite coating with HVOF technique [9].
Ahmet [10] was analyzed by coating the Ti6Al4V alloy with hydroxyapatite derived from egg shell using the
sol gel method. In Ugur graduate thesis study, hydroxyapatite coating was performed by electrophoretic
deposition of Ti6AI4V implants [11]. Kubra [12] made preparation and characterization of titanium implants
by electrophoretic deposition method in his master's thesis. The surface of the titanium plates is roughened by
sanding and anodic treatment is performed in the ethylene glycol electrolyte solution at different stresses.
Thus, the surface area on the titanium surface is increased at the nano-size. The characterization of the surface
of the titanium plates was followed by Scanning Electron Microscopy (SEM), chemical analysis with energy
dispersive X-Ray Spectroscopy (EDX) measurements.

Hakan [13] analyzed the electrochemical behavior of the titanium implant with different superstructure pairs.
Retention, prepared from four different alloys using eight titanium implants, was combined with two groups
of superstructures. The electrochemical behavior of the obtained samples was investigated. Also investigated
the effects of alloy corrosion resistance. Soykan [14] examined the surface properties of modified titanium
surface material and the bacterial involvement effect. He used type 4 titanium material in his work. Using a
total of 20 titanium discs with a diameter of 4 mm and a thickness of 1 mm, we operate on all samples. Ten of
the samples were subjected to surface coating with plasma polymerisation method under the same conditions
and the other 10 were used as the control group. The roughness of the surface is measured using atomic force
microscopy. Yavuz [15] investigated the characterization of the samples obtained by thin-film HAP coating
on the titanium surface with sol gel and biomimetic methods. XRD, SEM, XPS, FTIR, AFM and DSC / TG
analyzes of the structural properties of coatings on titanium surfaces. The analysis showed that
hydroxyapatite coatings prevented corrosion over 90% compared to pure titanium.

In this study, HAP (hydroxyapatite) coating is aimed by hydrothermal method on Ti6Al4V titanium alloy
surface used in set texture manufacturing. Then surface properties of surface hydroxyapatite coated alloys are
investigated. In order to process 6 samples, the surfaces are first polished. 100,240,360,500,600,800,1000 and
1,200 mesh abrasive papers were used when polishing. After the titanium samples are polished,
hydroxyapatite is formed using the Pirenha solution. Analyzes were carried out using X-ray diffractometer
and scanning electron microscope to analyze the coatings obtained on the samples. In the related literature,
there is no study on the formation of hydroxyapatite by the hydrothermal method (HAP) on the Ti6AI4V
titanium alloy surface. For this reason, the results to be produced without working are important and are the
original aspects of the work.

2. EXPERIMENTAL

Six Ti6Al4V alloy samples were used in this study. The dimensions of the samples are 3x25x25 mm.
hydrothermal method was used to create Hydroxyapatite on the surfaces of the samples. In this study,
Hydroxyapatite was formed by hydrothermal method on Titanium alloy surface. When studies in the
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literature are examined, many methods of producing hydroxyapatite are seen. The methods of producing
hydroxyapatite are:

« Hydroxyapatite synthesis by precipitation methods

« Hydroxyapatite synthesis by sol gel method

« Hydroxyapatite synthesis by hydrothermal method

« Hydroxyapatite synthesis through recovery from natural materials

The hydrothermal method allows the synthesis of particles with excellent crystal quality if the reaction
temperature is below 200 °C [16]. The synthesis is carried out in a closed vessel without environmental
external influences. Pirenha solution was prepared for hydrothermal method application. The chemicals and
amounts used in the prepared Pirenha solution are given in Table 1.

Table 1. The chemicals and amounts used in the Piranha solution

Chemicals Amounts
H,0, Hydrogen Peroxide compound 7ml
H,SO, Sulfuric acid compound 14 ml
0.20 Mol CaO Calcium Oxide 1.1807 g
0.20 Mol Citric acid 1.0507 g
0.12 Mol Potassium 0.396 g
Ammoniac 14-25 drops

After the titanium samples are polished, the hydroxyapatite is coated using the Pirenha solution. Pirenha
solution is prepared and prepared with the sample is used.

3. RESULTS AND DISCUSSION

In this study, six Ti6AI4V alloys with dimensions of 3x25x25 mm were used. The surfaces of the samples are
polished by sanding. Hydrothermal method was used to form Hydroxyapatite on the surface of the samples
after sanding. When applying the hydrothermal method, the preferred grades and times for heat treatment of
the samples are given in Table 2.

As shown in Table 2, six samples were divided into two groups. The temperature of the first group is set at
180 °C and the temperature of the second group is set at 200 °C by increasing the temperature by 20 °C. The
retention times of the samples in each group were determined as 18, 24 and 30 hours, respectively.

In the experimental work, the Energy Dispersive X-ray Spectroscopy (EDX) analysis is performed on the
Ti6Al4V alloy surface. The EDX results for the N1 sample are given in Figure 1.
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Table I1. Heat treatment properties of samples

Group Name Sample Name Temperature (°C) Time (Hour)
N1 18
Group 1 N2 180 24
N3 30
N4 18
Group 2 N5 200 24
N6 30
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Fig. 1. The EDX result from the coating of N1 sample

As a result of the 2000x EDX analysis of the N1 sample prepared in 18 hours at 180 °C shown in Figure 1,
the Ca atomic weight was calculated as %0.12 and the P atomic weight as %0.1. The EDX results for the N2
sample are given in Figure 2.
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Fig. 2. The X result from the coating of N2 sample

As a result of the 2000x EDX analysis of the N2 sample prepared at 24 hours at the 180 °C temperature
shown in Figure 2, the Ca atomic weight was calculated as %0.39 and the P atomic weight as %0.34. The
EDX results for N3 are given in Figure 3.
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Fig. 3. The

EDX result from the coating of N3 sample

As a result of the 2000x EDX analysis of the N3 sample prepared in 30 hours at the 180 °C temperature
shown in Figure 3, the Ca atomic weight was calculated as %0.21 and the P atomic weight as %0.17. The

EDX results for the N4 sample are given in Figure 4.
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Fig. 4. The EDX result from the coating of N4 sample

As a result of the 2000x EDX analysis of the N4 sample prepared in 18 hours at the 200 °C temperature
shown in Figure 4, the Ca atomic weight was calculated as %0.06 and the P atomic weight as %0.26. The

EDX results for the N5 sample are given in Figure 5.

g e { ' . -
SEMAGEU00 x HV: 200 BV Wi sGmm P 0,15 um 7 5

Fig.5. The E

DX result from the coating of N5 sample

As a result of the 2000x EDX analysis of the N5 sample prepared at 24 hours at the 200 °C temperature
shown in Figure 5, Ca atomic weight was calculated as 0.06%, P atomic weight as 0%. The EDX results for

the N6 sample are given in Figure 6.
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As a result of the 2000x EDX analysis of the N6 sample prepared at 30 hours at the 200 °C temperature
shown in Figure 6, the Ca atomic weight was calculated as 3.02% and the P atomic weight as 0.74%.

The results of EDX analysis on the samples show Ti, O, Ca, V, P and Al elements. Ca and P elements were
observed on the surfaces of the Ti6Al4V samples after the hydroxyapatite (Ca5(PO4)3(OH)) coating. The
values of Ca and P in EDX results of all samples are given in Table 3 according to temperature and time
information. The Ca and P graphs according to the 2000x EDX results of the samples are given in Figure 7.

Table I11. Ca and P values in the EDX results for the coating of the samples

Group Name Sample Name Temperature (°C) Time (Hour) Ca (%) P (%)
N1 18 0.12 0.10
Group 1 N2 180 24 0.39 0.34
N3 30 0.21 0.17
N4 18 0.06 0.26

Group 2 N5 200 24 0.06 0
N6 30 3.02 0.74

Atomic weight (%)

1 15 2 25 3 35
Number of samples

Fig. 7. Comparing the samples according to the temperature and time parameters

As shown in Table 3, the samples were divided into 2 groups in order to observe the effect of temperature and
time parameters on the samples. For the first group, the temperature was set at 180 °C, the samples were set
to 18, 24 and 30 hours, while the second group was set at 200 °C and the samples were set to 18, 24 and 30
hours. N1, N2, and N3 have very few coatings on the surface of the sample. While Hydroxyapatite was
formed in the N1, N2 and N3 samples, the preferred effect of 180 °C was negatively affected by the coating.
In the second group of samples, 200 °C was preferred. N4 and N5 samples are not sufficiently covered due to

608



waiting times. On the N6, the waiting time is 30 hours, so the success of the coating is increased. In the
literature studies, 200 °C is generally preferred for Hydroxyapatite coatings [17]. In this study, it was
concluded that the coating was successful at a temperature of 200 °C and a waiting time of 30 hours. It is
predicted that the coating process will be more successful as a result of increasing the waiting time at 200 °C.

4. CONCLUSIONS

Titanium has good strength and is more lightweight than metals like steel. For this reason, the use of
Titanium and its alloys has become widespread. In recent years, titanium alloys have emerged to produce
metals with better properties than titanium. Because of the properties of titanium and its alloys, it is widely
preferred in critical areas such as aviation, automotive and biomedical.

In this study, hydrothermal method was used to create Hydroxyapatite on Ti6Al4V alloy surface. Six
specimens of 3x25x25 mm size were used in the study. Surfaces of the samples were sanded and
Hydroxyapatite was formed on their surfaces by hydrothermal method. Six samples were separated into two
groups and different temperature and time values were used in forming hydroxyapatite. For the first group
samples, 18, 24 and 30 hour waiting times were used at 180 °C, while in the second group, 18, 24 and 30 hour
waiting times were used at 200 °C. These temperature and time parameters have been determined as a result
of studies in the literature. Scanning Electron Microscopy (SEM) analysis of each sample and Energy
Diffraction X-ray Spectroscopy (EDX) analysis were performed for surface coating analysis. When SEM
analysis is examined, formation of Hydroxyapatite on N6 sample is easily seen. The atomic weights of Ca
and P elements of the EDX results are examined. When the Ca and P elements on the surface of the samples
are compared, it is seen that the hydroxyapatite coating process with the 30 hour waiting time at 200 °C is
more successful. In future studies, it is aimed to compare the results obtained by using temperature and time
parameters of more than 200 °C and more than 30 hours.
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Abstract

A nanofluid is the suspension of nanometer sized nanoparticles into a base fluid, generally formulated for
the purpose of enhanced heat transfer. In this study, thermophysical properties like thermal conductivity,
density and dynamic viscosity and heat transfer coefficient of TiO,/R-32 and TiO,/CO, nanorefrigerants
for particle size of 10 nm and nanoparticle concentration of 1-5 vol.% are investigated theoretically. As a
result, the highest thermal conductivity enhancement ratio and the heat transfer enhancement ratio are
obtained as 1.157 and 1.033 for TiO,/R-32 nanorefrigerant with 5 vol.% nanoparticle concentrations
respectively while dynamic viscosity enhancement ratio are the same in both nanorefrigerants as 1.136.

Keywords: Nanorefrigerant, thermal properties, R-32/TiO; , CO,/TiO,.

1. INTRODUCTION

The various refrigerants in order to increase the coefficient of performance (COP) of refrigeration systems are
used. Another way to increase the COP value is the suspension nanoparticles into a refrigerant. By using
nanoparticles in refrigeration system, three main advantages can be obtained [1,2]; (1) nanoparticle as an
additive can increase the solubility between the lubricant and the refrigerant. (2) Thermal conductivity and heat
transfer characteristics of the refrigerant can be increased. (3) Nanoparticles dispersion into lubricant may
decrease the friction coefficient and wear rate.

In this study, thermal conductivity and heat transfer coefficients ratios of R-32/TiO2 and CO2/TiO2
nanorefrigerants are investigated to nanoparticle concentration of 1-5 vol.% for particle size of 10 nm .
2. METHODOLOGY

An easy way to comply with the conference paper formatting requirements is to use this document as a template
and simply type your text into it. The thermophysical properties of TiO2/R-32 and TiO2/CO2 nanorefrigerants
are analyzed using some mathematical correlations. The properties of TiO2 nanoparticle and R-32 and CO2
refrigerants are given in Table I.

" Abdullah Yildiz. Tel.:+90 276 2212136; fax.;+90 276 2212137.
E-mail address: abdullah.yildiz@usak.edu.tr (A. Yild:z).
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Table 1. The properties of nanoparticle and refrigerants (3)

Thermal Properties TiO2 R32 COo2
Thermal Conductivity, k (W/m-K) 10 0.012518 0.016642
Specific Heat, Cp, (J/kgK) 690 847.33 850.76
Density, p (kg/m3) 4000 2.1246 1.7842
Dynamic Viscosity, p (Pa-s) - 1.261x10° 1,4932x10°

The constant parameters of refrigerants and nanorefrigerants flows inside horizontal pipe are shown in Fig. 1.
The analysis is carried out with nanoparticles average size of 10 nm and volume concentration from 1% to 5%

for each of nanorefrigerants. All the properties of nanorefrigerants are calculated at temperature of 298 K using
existing correlations from literature.

Mass flow rate  :0.01 kg/s
Inner diameter :0.0352 m
Outer diameter  :0.0424 m
Pipe material : Steel
Inlet temperature : 298 K
Inlet pressure : 100 kPa
Pipe length 10 m

Fig. 1. The properties of pipe material and design parameters

2.1. Thermal conductivity

The effective thermal conductivity are given by Maxwell [4] as

kng _ knp+2kp+20(knp—kg) )
kr knp+2kg—0(knp—kgr)

2.2. Density
Density of nanorefrigerant is calculated from Eq. (2) [4]
Pnr = a- ¢)pR + ¢pnp 2

2.3. Specific heat
Specific heat of nanorefrigerant can be determined by [2]
Cp,nR =(1- ¢)Cp,R + q)Cp,np (3)
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2.4. Convective heat transfer coefficient

Eq. (4) is used determine convective heat transfer coefficient of refrigerants and nanorefrigerants,

Nuxk

h="3 (@)
where Nu is the Nusselt number and can be obtained from Dittus-Boelter equation for turbulent flow [5].
Nu = 0,023Re%8pro# (5)
Reynolds Number and Prandtl Number can be determined from Eq. (6) and (7) [6]:

_ PVDy
Re = — (6)

= bt
Pr = . ()]

3. RESULT AND DISCUSSION

The effect of TiO2 nanoparticles on thermal properties of R-32 and CO2 refrigerants is numerically
investigated in this study.

Fig. 2 shows the specific heat of R-32/TiO2 and CO2/TiO2nanorefrigerants as a function of the particle volume
fraction. it is seen that the specific heat of nanorefrigerant decreases as the concentration of nanorefrigerant
increases in Fig. 2. The specific heat of the added particle is lower than the specific heat of the base fluid, so
the specific heats of the nanorefrigerants are reduced. Specific heat varies from 845.75 to 839.46 for R-32/TiO>
nanorefrigerant while specific heat varies from 849.45 to 842.72 for CO2/TiO2 nanorefrigerant.
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848 -
_ W CO,/TiOy
D
ﬁ 846 - *
)
=
= 844 - *
©
T
9 *
3§ 842 -
2 L 4
840 -
L 4
838 T T T T T
0 0,01 0,02 0,03 0,04 0,05 0,06
Volume fraction

Fig. 2. The specific heat of R-32/TiO, and CO,/TiO,nanorefrigerants at different volume fraction

Thermal conductivity of nanorefrigerants with volume concentration from 1% to 5% is shown in Fig. 3. The
increase of nanorefrigerant specific heat compared with base fluid is due to higher specific heat capacity of
added particles for R-32/TiO2 nanorefrigerant, the thermal conductivity values range from 0.0128 to 0.01444,
while for CO2/TiO2 nanorefrigerant these values range from 0.0171 to 0.0192.
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Fig. 3. The thermal conductivity of R-32/TiO, and CO,/TiO;nanorefrigerants at different volume fraction

Fig. 4 demonstrates the influence of the nanoparticle concentration on the dynamic viscosity and the convective
heat transfer coefficient respectively.
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Fig. 4. The dynamic viscosity of R-32/TiO, and CO,/TiO;nanorefrigerants at different volume fraction

General trend shows that dynamic viscosity increases with the increase in volume concentration of
nanoparticles. The dynamic viscosity values range from 1.293x10° t01.433x10° for R-32/TiO:
nanorefrigerant, while these values range from 0.0171 1.5321 x10° t01.697 x10° for CO2/TiO2
nanorefrigerant.

Fig. 5 demonstrates the influence of the R-32/TiO2 and CO2/TiO2 nanoparticle concentration on the convective
heat transfer coefficient. It can be showed that the heat transfer coefficient is proportional to the particle volume
fraction. When increasing the particle concentration of the nanoparticle in R-32/TiO2 and CO2/TiOz, the heat
transfer increases due to the thermal conductivity effect. The convective heat transfer coefficient varies from
27.402 to 28.111 for R-32/TiO2 nanorefrigerant while the convective heat transfer coefficient varies from 30.43
to 31.214 for CO2/TiO2 nanorefrigerant.
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Fig. 5. The convection heat transfer coefficient of R-32/TiO, and CO,/TiO; nanorefrigerants at different volume fraction

The thermal conductivity, viscosity enhancement ratio and the heat transfer coefficient enhancement ratio, for
varying values of volume fraction of the nanoparticle in the base R-32 and CO2 showed in Figs. 6 and 7,
respectively.
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Fig. 6. The thermal conductivity, viscosity enhancement ratio and the heat transfer coefficient enhancement ratio for R-

32/TiO; nanorefrigerant
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Fig. 7. The thermal conductivity, viscosity enhancement ratio and the heat transfer coefficient enhancement ratio for

CO,/TiO; nanorefrigerant

4. CONCLUSIONS

In this study, the effect of TiO2 nanoparticles on thermal properties of R-32 and CO: refrigerants are
investigated theoretically. The results of theoretical analyses of R-32/TiO2 nanorefrigerant are compared with
CO2/TiO2 nanorefrigerant results. Considering the results of the analyses, the following main conclusions can
be drawn from the present study:

e  While the concentration of nanorefrigerants increases the specific heat of nanorefrigerants decreases.

e  Specific heat varies from 845.75 to 839.46 for R-32/TiO2 nanorefrigerant while specific heat varies
from 849.45 to 842.72 for CO2/TiO2 nanorefrigerant.

e  For R-32/TiO2 nanorefrigerant, the thermal conductivity values range from 0.0128 to 0.01444, while
for CO2/TiO2 nanorefrigerant, these values range from 0.0171 to 0.0192.

e The dynamic viscosity values of R-32/TiO2 nanorefrigerant rangefrom 1.293x10° t01.433x10°5,
while these values range from 0.0171 1.5321 x10® t01.697 x10-° for CO2/TiO2 nanorefrigerant.

e While the convective heat transfer coefficient varies from 27.402 to 28.111 for R-32/TiO2
nanorefrigerant, the convective heat transfer coefficient varies from 30.43 to 31.214 for CO2/TiO2
nanorefrigerant.

e The highest thermal conductivity, viscosity enhancement ratio and the heat transfer coefficient
enhancement ratio are calculated as 1.16, 1.14 and 1.02 respectively at volume fraction of 0.05 for
R-32/TiO2 nanorefrigerant.

e The highest thermal conductivity, viscosity enhancement ratio and the heat transfer coefficient
enhancement ratio are calculated as 1.16, 1.14 and 1.02 respectively at volume fraction of 0.05 for
CO2/TiO2 nanorefrigerant.

Consequently, the theoretical analyses results of CO2/TiO2 nanorefrigerant are better than R-32/TiO2
nanorefrigerant results.
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Abstract

In this study, optimum insulation thickness for a circular pipe which hot water is transported and its
external surface is subjected to outdoor convective heat transfer is investigated theoretically. The pipe is
produced from stainless steel (k=54 W/mK) and length of 300 m, nominal diameter of 50 mm. The glass
wool is used as insulation material (k=0,05 W/mK), outdoor conditions are environmental temperature of
-9 °C, wind speed of 3 m/s. The analyses are carried out for water inlet temperature of 60 °C, 70 °C, 80 °C,
90 °C in constant volume flow rate of 28 m3/h. The optimum thickness of the insulation layer is solved so
that the outlet temperature is equal to the inlet temperature. As a result, optimum insulation thicknesses
are calculated as 6.35, 10.23, 15.56 and 22.94 cm for 60 °C, 70 °C, 80 °C, 90 °C respectively.

Keywords: Optimum insulation thickness, mathematical model, pipe.

1. INTRODUCTION

During recent years guides have been published to allow industries to choose pipe insulation that accounts
optimally for rapid expected rises in fuel costs relative to insulation costs [1].

Uninsulated steam distribution and condensate return lines are a constant source of wasted energy. Heat loss
from an uninsulated pipe of 1 inch diameter and 10 m length through natural convection and 25 °C bulk-to-
ambient-temperature difference is estimated to be 50x10°% kJ/yr. Insulation can typically reduce the energy
losses by 90% and help ensure proper steam pressure at plant equipment. Therefore, any surface over 50 °C,
such as boiler surfaces, steam and condensate return piping, and fittings, should be insulated [2].

In this study, a circular pipe through which hot water is transported from one end to the other is considered and
the optimum insulation thickness, which makes the outlet temperature equal to the inlet temperature, is
determined by a mathematical model theoretically.

2. METHODOLOGY

The optimum insulation thickness for a circular pipe which hot water is transported and its external surface is
subjected to outdoor convective heat transfer is investigated theoretically. The heat loss of fluid in the control
volume is shown in Fig. 1. Also, the properties of the pipe, insulation material and the other parameters used
in the analyses are given in Table I and II.
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Fig. 1. The heat loss of fluid in the control volume
Table I. The properties of the pipe and insulation material
Properties Value
Pipe outer diameter (r), (mm) 60.3
Pipe inner diameter (r;), (mm) 52.5
Pipe wall thickness (tpipe) 39
Pipe wall thermal conductivity (Kpige), (W/mK) 54
Insulation thermal conductivity (Kins), (W/mK) 0.05
Table I1. The parameters used in the analyses
Parameters Value
Fluid inlet volumetric rate (V) k (m¥h) 28
Fluid inlet temperature (T,), (°C) 60-70-80-90
The outside temperature of pipe (T, ), (°C) -9

2.1. Flow Equations

The continuity and momentum equations below describe the flow of fluid inside a horizontal pipe [3]

V(4pV) =0

0=-VP—fr2vIV|=0 1)
2Dp

where, A (m?) is the cross section area of the pipe, p (kgm) is the density, V (ms™?) is the fluid velocity and P

(Pa) is the pressure.

The second term on the right-hand side of Eq. (1) describes the pressure drop due to internal viscous shear. The
term contains the Darcy friction factor, fo, which is a function of the Reynolds number and the surface
roughness divided by the hydraulic pipe diameter. In this study, fo is calculated from the Haaland equation . It
can recover both small and large relative roughness limits for a wide range of Reynolds numbers (4x103 < Re
< 1x108) [3]:
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jé = —1.8logy, <(€3/—f)“ + (?)) )

where, f'is the Darcy friction factor, € (mm) is the roughness of the pipe, D (mm) is the inner diameter of the
pipe and Re is the Reynolds number.

2.2. Heat Transfer Equations
PACYV VT =V KAVT + fiy ZE VI + Qpipe ©)

where, Cp (Jkg'K™?) is the heat capacity at constant pressure, T (°C) is the temperature and k ( WmK-?) is the
thermal conductivity. The second term on the right-hand side of Eq. (3) corresponds to heat released due to the
work of internal friction forces. Qpipe (Wm1) is a source/sink term due to heat exchange with the surroundings
through the pipe wall [3]:

Qpipe = UZ(TO -T) (4)

where, Z (m) is the perimeter of the pipe, U (Wm2K-1) is the overall heat transfer coefficient and To (°C) is the
outside temperature of the pipe.

The overall heat transfer coefficient includes contribution from internal film resistance, wall resistance, and
external film resistance [3].
For a circular tube, an effective UZ in Eq. (4) can be used such that [3]

27

UDesr = 5= mwwam ©

rihi Toho  Kins

where r is the radius of the pipe in which ri = r — tpipe and ro = +tins. hi (Wm2K%) and ho (Wm2K-?) are the
film heat transfer coefficients on the inside and outside of the tube, respectively. kins is the thermal conductivity
of insulation material.

The film resistance inside the pipe is given by [3]:

_ Kwater
ho - Nuint D

with the following Nusselt correlation [3]

Nuw = (fp/8)(Re—1000)Pr
Ui = 2P

The film resistance due to the external flow of air around the pipeline is [3]:
kair
ho = Nuo T
where Nuo is calculated with a forced convection relation, assuming an average air speed of 3 ms™.

0.62VRePr1/3

4/5
[1+(0.4/Pr)2/3]1/4 ]

Nu, = 0.3 + [1+ (Re/282000)5/®

3. RESULT AND DISCUSSION

A representative sample is chosen to perform the solution for the optimum conversion of insulation thickness
over the pipe hanging from both ends. The heat transfer from the fluid (water) flowing through the pipe to the
ambient is minimized. Optimization calculations performed under the constraint that the temperature at the

outlet should be the same as inlet temperature. The results of analyses are shown in Fig.1.

620



25
€ 4
L
2 20
(]
=
S
£ 15 | ¢
c
K]
s &
é 10 -
£ *
E s
£
-l
Q.
o O T T T T
50 60 70 80 90 100
Inlet temperature (°C)

Fig. 1. Optimum insulation thickness versus to fluid inlet temperature

As shown in Fig. 1, optimum insulation thickness increases with the increase fluid inlet temperature. Optimum
insulation thicknesses are calculated as 6.35, 10.23, 15.56 and 22.94 cm for 60 °C, 70 °C, 80 °C, 90 °C,
respectively.

4. CONCLUSIONS

In this study, the optimum insulation thickness that makes the outlet temperature equal to the inlet temperature,
is determined by a mathematical model theoretically. The highest optimum insulation thickness is calculated
as 22.94 c¢cm at fluid inlet temperature of 90 °C while the lowest optimum insulation thickness is calculated as
6.35 cm at fluid inlet temperature of 60 °C. Consequently, the optimum insulation thickness increases as the
fluid inlet temperature increases.
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