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TAGUCHI METHOD FOR OPTIMIZING TOOL WEAR RATE AND
OVERCUT IN ELECTRO DISCHARGE MACHINING

Ali KALYON"

Department of Mechanical Engineering, Faculty of Engineering, Yalova University, TR-77100 Yalova, Turkey,
Gelis Tarihi/Received Date: 25.02.2022 Kabul Tarihi/Accepted Date: 22.12.2022 DOI: 10.54365/adyumbd.1079127

ABSTRACT

In this study, machinability of Caldie cold work tool steel on EDM machine was experimentally investigated by
using Cu-Cr-Zr electrode for tool wear rate (TWR) and overcut. In the experiment tests, discharge current, pulse
duration and duty cycle were used as processing parameters. Machinability levels were determined for the lowest
TWR and overcut. The effect of level parameters on TWR and overcut were calculated with the help of ANOVA.
Experimental results are interpreted with using three-dimensional graphics. While the optimum machining test
condition for electrode wear rate was A;B,C;, the optimum machining level for overcut was determined as A;B;Co.
As aresult of ANOVA analysis, it was calculated that discharge current was the most powerful parameter on TWR
and overcut.

Anahtar Kelimeler: EDM, Copper, Overcut, Tool wear rate, Optimization

ELEKTRO EROZYON ILE ISLEMEDE TAKIM ASINMA ORANININ
VE YANAL ACIKLIGIN TAGUCHI YONTEMI iLE OPTIMIZASYONU

OZET

Bu calismada, Caldie soguk is takim celiginin EEI tezgahinda islenebilirligi, takim asinma orani ve yanal aciklik
icin Cu-Cr-Zr elektrot kullanilarak deneysel olarak incelenmistir. Deneysel ¢alismada isleme parametreleri olarak
bosalim akimi, vurum siiresi ve ¢evrim siiresi kullanilmigtir. En diisiik takim aginma orani ve yanal agiklik i¢in
islenebilirlik seviyeleri belirlenmistir. Seviye parametrelerinin takim asinma orani ve yanal agiklik {izerindeki
etkisi ANOVA yardimiyla hesaplanmistir. Deneysel sonuglar ii¢ boyutlu grafikler kullanilarak yorumlanmustir.
Elektrot asinma orani igin optimum igleme deney kosulu A;B;C; iken, yanal agiklik i¢in optimum igleme kosulu
A ;B C; olarak belirlenmistir. ANOVA analizi sonucunda elektrot aginma orant1 ve yanal agiklik iizerinde en giiglii
parametrenin bosalim akimi oldugu hesaplanmustir.

Keywords: EEL Bakir, Yanal agiklik, Takim aginma orani, Optimizasyon

1. Giris

In the manufacturing industry for forming the machine parts there are many manufacturing
techniques available. Electrical, thermal, mechanical, chemical, many types of energy and processing
methods are the most important factors in the classification of manufacturing. Optimization of
processing parameters in manufacturing techniques used to shape metal and alloy types varies. It is a
known fact that this wide range of usage in machining parameters also changes the structural integrity
of the machined surfaces. In addition, research on the machinability of newly developed materials in
each passing period of time also reveals new manufacturing techniques to achieve the desired optimum
machining parameters. Therefore, different surface structures are formed in machine parts processed by
both existing and newly developed manufacturing techniques.

*le-posta: alikalyon@gmail.com ORCID ID: https://orcid.org/0000-0003-3300-1336 (Sorumlu Yazar)
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Today, among these manufacturing methods, one of the most remarkable and commercially
produced tool is the electro discharge machining (EDM). EDM tools were designed and produced three
different types. These are sinker erosion, wire erosion and fast hole drilling electro erosion machines.
Processing precision and performance of these tools, which were produced commercially after the
1960s, have been improved with technological developments [1-3]. The surfaces formed in the EDM
method are in a crater structure. In other words, there is a surface structure that is formed by the
overlapping of craters melted and evaporated on the workpiece surface by thousands of sparks
discharged from the bottom surface of the tool during machining, which cannot be achieved with other
manufacturing techniques [4,5]. For this reason, the crater dimensions and therefore the surface
roughness exhibit a completely different structure. In addition, since the process is carried out in a non-
conductive liquid environment. Heat affected layers are formed on the surfaces due to the rapid cooling
of the dielectric liquid [6,7].

One of the most important process outputs that should be examined in evaluating the
machinability criteria after processing with electro erosion is overcut. Many studies have been
conducted in the literature to determine the parameters affecting overcut. In these studies, it is seen that
the overcut and TWR are optimized. In many studies, prediction models for overcut have been created
using mathematical modeling [8—11]. Rouniyar ve Shandilya has studied on overcut on Aluminium 6061
alloy. Box Behnken design approach was employed for experimental design to carry out the
experiments. Experimental results showed discharge current as the most important parameters for
overcut as compared to other process parameters on account of higher F-value. Confirmatory
experiments revealed good correlation between optimum and experimental results [12]. Belgassim and
Abusaada investigated the EDM machining characteristics of hardened AISI D3 tool steel. The
machining response is the overcut of the process (OC), and the input parameters are pulse current Ip,
pulse-on time Ton, pulse-off time Toff, and the gap voltage Vg. The experimental results have provided
the optimal combination of input parameters that gives the minimal overcut on the machined surface
[13]. Chiang and Wang the were investigated variation of the side overcut and the bottom overcut, the
electrode dimensions, the spark hole dimensions, and the machine positioning accuracy in the EDM.
The experiment results show that the coupling effect between the electrode diameter and spark hole
diameter is an important factor for estimating the variation of the side overcut in the EDM process [14].
Dewangan et al examined the surface integrity by using the multi objective optimization technique in
their studies. Using the optimization technique, they enhanced surface crack density, white layer
thickness and surface roughness [15]. Pradhan increased machinability efficiency with the developed
hybrid model. Tool wear and radial overcut have been minimized in EDM of AISI D2 tool steel.
Determined the effects of machinability parameters using the response surface method and grey
relationship method [8]. Using the response surface method, Muthukumar et al. developed a prediction
model for radial overcut in electro discharge machining of Incoloy 800 superalloy. As a result of their
studies, they stated that the most effective parameter for radial overcut is the discharge current [16].
Ahmed et al. Optimized tool wear and overcut for Titianium alloy using Taguchi Lo experiment set.
They recommended the electrode to be used in positive polarity to minimize tool wear. They obtained
the lowest overcut value with the copper electrode in negative polarity [10].

The most important factor in achieving the precision of electro discharge machining is low
electrode wear. The wear on the electrode directly affects the dimensions of the profile to be machined.
In this study, an optimization technique study was carried out for TWR and overcut during the
machining of Caldie cold work tool steel. In the study, three different levels were used for discharge
current, pulse duration and duty cycle. Using ANOV A analysis, the effect levels of parameters on TWR
and overcut were determined. Experimental results were interpreted with the help of graphics.

2. Materials and Methods

Electro erosion processing experiments were carried out Furkan EDM M25A type machine. The
experimental procedure is shown in Figure 1. Cur-Cr-Zr copper alloy with high electrical conductivity

ADYU Miihendislik Bilimleri Dergisi 18 (2022) 471-480
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was used as the electrode material in the experimental studies. Since Cu-Cr-Zr electrode is alloyed with
chrome and zirconium, its hardness is higher than pure copper. Electrodes are commercially available
in sizes 15x15mm. The chemical content of Cu-Cr-Zr electrode is given in Table 1.

W
e
‘!» H ‘ |""‘
{ |
B Ry '=
Machining Cutting Polishing Cut material Microscope Measuring

Figure 1. Experimental procedure

Table 1. The chemical content of Cu-Cr-Zr electrode.

Element Cr Zr Others Cu
weight(%) 1 0,1 0,2 Balance

Caldie cold work tool steel was used as a workpiece in the experimental study. Caldie steel is
used in molds where high toughness and compression strength are required. Table 2 shows the chemical
content of Caldie cold work tool steel. Discharge current, pulse duration and duty cycle are used as
processing parameters. Gas oil was used as dielectric medium fluid and lateral spraying with 0,4
pressure. Processing depth was kept constant at 1 mm in experimental studies. Electrodes were prepared
separately for each experimental condition. The machining surfaces of the electrodes have been polished
with using sandpaper. Equation 1 shows the calculation of TWR. In this equation Ti is the initial weight
of the electrode and Tf is the final weight, q is the density and t is the processing time.

Table 2. Chemical content of Caldie cold work tool steel.

Element C Si Mn Cr Mo |V Fe
weight(%) 0,7 10,2 [0,5 5,0 |23 0,5 Balance

, (Ti=Ty)
TWR(mm3/min) = th (1)

Experimental study was carried out using Taguchi L9 experiment set. Table 3 shows the
experimental parameters and levels. Three different parameters (3-6-9 A) for the discharge current, three
different parameters (200-400-800 ps) for the pulse duration and three different duty cycles levels (0.4-
1.6-3.2) were used. Pulse off was used constant as 200 ps. The "smaller is better" technique was used
to evaluate the experimental results obtained in Taguchi optimization method. Because electro erosion
machining requires a low TWR for good dimensional accuracy. The low TWR will provide lower
overcut values after machining. Equation 2 is used for the "smaller is better" in Taguchi method. In
Equation 2 yi is the performance response, i is the observation value and n is the number of tests in an
experiments [17,20].

ADYU Miihendislik Bilimleri Dergisi 18 (2022) 471-480
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S/N = ~10log [z 31, ¥]

Table 3. Experiment set and parameters.

Factor Unit Level 1 Level 2 Level 3
Di

ischarge A 3 6 9
current
Pul

wise. us 200 400 800
duration
Duty cycle - 0,4 1,6 32

3. Results and Discussion

2

474

Machining parameters and their levels are greatly affecting the machinability of EDM. For this
purpose, determining the machinability parameters for the material and tool is an important issue in
EDM. In this study, the machinability of Caldie cold work tool steel with Cu-Cr-Zr electrode was
investigated. In the experimental set, discharge current, pulse duration and duty cycle were used. As a
result of the experimental study, the TWR and overcut were examined. The experimental results are
shown in Table 4. When the test results are examined, the highest TWR was calculated as 1,226
mm?*/min at the experimental condition of 9 A, 800 ps pulse duration and 1,6 duty cycle. The highest
overcut value was measured as 0,75 mm under the same test condition. It is seen that the lowest TWR
and overcut values are 0,225 mm?® /min and 0,21 mm at 3 A, 200 ps pulse duration and 0,4 duty cycle
conditions, respectively.

3.1 Analysis of Tool Wear Rate

Table 4. Experimental results.

Ip Ton Duty TWR Overcut
Sq. | (A) | (usn) | cycle | mm?*/min mm
1 3 200 0,4 0,225 0,21
2 3 400 1,6 0,291 0,25
3 3 800 32 0,355 0,30
4 6 200 1,6 0,676 0,34
5 6 400 3,2 0,716 0,42
6 6 800 0,4 0,788 0,45
7 9 200 3,2 0,930 0,61
8 9 400 0,4 1,025 0,68
9 9 800 1,6 1,226 0,75

Figure 2 shows the S / N ratios of the processing parameters obtained after the Taguchi
optimization study for the TWR. When Figure 2 is examined, it is seen that the most effective factors in
TWR after processing Caldie cold work tool steel with Cu-Cr-Zr electrode are respectively discharge

current, pulse duration and duty cycle.

ADYU Miihendislik Bilimleri Dergisi 18 (2022) 471-480
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Figure 2. Main effects plot for S/N ratios

The impact of processing parameters and levels on TWR, the S / N ratios demostrated in Figure
2 were indexed in Table 5. These values given in Table 5 show the effect of each level of factors on
TWR. The most influential factor and levels are in bold. As a consequence, the Taguchi optimization
study, it is seen that the most powerful factors and levels for TWR are discharge current (1), pulse
duration (1), duty cycle (1).

Table 5. S/N ratios for TWR.

Level Discharge Pulse duration ( Duty

current (A) us) cycle

1 10,8913 5,6626 4,9371

2 2,7908 4,4698 4,1178

3 -0,4513 3,0984 4,1758

Delta 11,3426 2,5642 0,8193
Rank 1 2 3

Figure 3 shows the effects of discharge current, pulse duration and duty cycle on TWR. When
Figure 3.a is examined, it is seen that the increase in the discharge current and the pulse duration
increases the TWR. In the graph, it is seen that the discharge current has a higher effect on the TWR
compared to the pulse duration. In applications, the sparks that occur between the workpiece and the
electrode pair cause a decrease in size not only in the workpiece but also in the electrode. This accelerates
the wear rate of the electrode [17]. Figure 3.b shows the pulse duration and duty cycle on TWR. It is
seen that there are unstable wear rates in tool wear according to duty cycle and pulse duration. It is seen
that the TWR is affected more by the discharge current and the pulse duration. Figure 3.c shows that the
TWR on the set increases depending on the discharge current, and the amount of wear does not change
depending on the duty cycle. It can be seen that the discharge current is the first-degree effective
parameter on TWR. Using low discharge current levels of EDM applications will reduce the TWR, but
this will also lead to increased processing times.

ADYU Miihendislik Bilimleri Dergisi 18 (2022) 471-480
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Figure 3. Effect of parameters on TWR

TWR increased significantly in all pulse durations for increasing current values in experiments
with both types of materials. This is because, with the increase of discharge energy in the processing
zone, more discharge energy is transmitted to the electrode material. In the experiments, it was observed
that the TWR increased with the increase of the discharge current. In all experiments, since most of the
discharge energy applied in long pulse durations cannot be transmitted to the electrode body as heat, the
TWR of the electrode set, which melts and evaporates more material in proportion to the discharge time,
increased. As can be seen from these results, the increases in the large values of the discharge current
caused large increases in the TWR.

An increase in the value of TWR with an increase in pulse duration is a result that has also been
obtained in previous studies. The tendency of the TWR value to decrease after the pulse duration of 50
us has been interpreted by some researchers as the carbon released by the decay of the dielectric liquid
and the melting of the workpiece during long pulse durations, adhering to the surface of the electrode
and increasing its wear resistance [18,21]. Another known reason is that most of the discharge energy
given during long pulse duration is also transmitted as heat transfer to the electrode body and can melt
and evaporate more materials in proportion to the duration of the plasma channel formed [6,11].

ANOVA study has been conducted to better understand the graphics shown in Figure 2 and to
express them statistically. ANOVA analysis of TWR is shown in Table 6. When Table 6 is examined,
the discharge current is the most powerful parameter on the TWR with 93,658%. Pulse duration and
duty cycle are parameters that affect TWR at 5,157% and 0,724, respectively.

Table 6. ANOVA analysis results for TWR.

F
Source AdjSS | Adj MS PCR
Value
0,89462 0,447310 203,87 93,658
Ip (A) 5 9 5 5

Ton (ps) 0,04926 0,024634 11,23 5,157
Duty cycle 0,00691 0,003459 1,58 0,724

Error 0,00438 0,002194 0,459

Total 0,95519 100

3.2 Analysis of Overcut

Figure 4 shows the S / N ratios of the processing parameters obtained after the Taguchi optimization
study for overcut. When Figure 4 is examined, it is seen that the most effective factors for overcut after
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processing Caldie cold work tool steel with Cu-Cr-Zr electrode are respectively discharge current, pulse
duration and duty cycle.

Main Effects Plot for SN ratios
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Figure 4. Main effects plot for S/N ratios

S / N ratios shown in Figure 3 are tabulated in Table 7 in order to better understand the effects of
processing parameters and levels on overcut. These values given in Table 7 show the effect of each level
of factors on overcut. The most influential factor and levels are in bold. As a consequence of the Taguchi
optimization study, it is seen that the most poweful factors and levels for overcut are discharge current
(1), pulse duration (1) and duty cycle (2).

Table 7. S/N ratios for overcut.

Level Discharge Pulse Duty

current (A) duration (us) cycle

1 12,018 9,073 7,947

2 7,947 7,642 7,970

3 3,381 6,631 7,429

Delta 8,637 2,442 0,541
Rank 1 2 3

Figure 5.a shows the pulse duration and the effect of duty cycle on overcut graphically. When the
graph is examined, it is seen that the overcut value increases after the pulse duration 400 ps. The pulse
duration is the elapsed time between the start of the spark discharge and the end of the spark. In other
words, the long pulse duration means that the same discharge energy flows to the workpiece for a longer
time. This means that spark strikes to the processed lateral surfaces per unit time at the same current
value in a longer time and more material is removed from the surface of the workpiece. This situation
causes the overcut value to increase with the increase of the pulse time. Figure 5.b shows that with the
increase in duty cycle, the overcut value also increases. Figure 5.c shows the change in overcut value
depending on duty cycle and discharge current. When the gaps are examined, it is seen that the overcut
value does not change depending on the duty cycle. This indicates that the duty cycle parameter has a
low effect on the overcut value.
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Figure 5. Effect of parameters on overcut

Figure 5 shows the effects of discharge current, pulse duration and duty cycle on overcut. In
Figure 5.a, it is seen that the overcut value increases with the increase of the discharge current. When
the discharge current is increased, the tool creates a spark from the same locations along the processing
line with more discharge energy in the same time period and thus increases the machining area by
enabling more material to be processed. The increased processing area also causes the channel width to
increase. Figure 6.a shows the microscope image of the processed material with a 15x15 mm copper
electrode with a 3 A discharge current, 800 us pulse duration and 3,2 duty cycle. Figure 6.b shows the
microscope image of the material processed at 9 A discharge current, 800 ps pulse duration and 1,6 duty
cycle. After processing Figure 6.a, the channel width was measured as 15030 pm. In Figure 6.b, the
channel width after processing was measured as 15750 um. High levels of discharge current and pulse
duration appear to increase the width of the working channel.

a)

Figure 6. Microscope of image of machined parts
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Table 7 shows the values obtained as a result of the ANOVA study for overcut. When Table 7 is
examined, the discharge current is the most effective parameter on overcut with 93,25%. Pulse duration
and duty cycle are the parameters that affect overcut with 6,42%, 0,01% respectively.

Table 8. ANOVA analysis results for overcut.

Source AdjSS | AdjMS | F Value | PCR
Ip (A) 0,281089 0,140544 294,16 93,25
Ton (ps) 0,019356 0,009678 20,26 6,42
Duty cycle 0,000022 0,000011 0,02 0,01
Error 0,000956 0,000478 0,32

Total 0,301422 100,00

4. Conclusions

TWR and overcut is one of the most important issues affecting the performance of machining
with electro erosion. For this purpose, in this study, the effects of discharge current, pulse duration and
duty cycle on EDM machining were investigated. Optimization study were applied on the experimental
outputs after machining. Optimum machining levels were determined for machining parameters. With
the ANOVA analysis, the effect levels of the parameters on the processing output were determined. As
a result of the experimental study, it has been determined that the discharge current is the most effective
parameter on TWR and overcut. Increasing discharge current increases TWR and overcut. In the
optimization process, Ai;BiC; experiment set was calculated for the lowest TWR. Optimized
experimental condition for the lowest overcut value was determined as A;B;Cs. As a result of ANOVA
analysis, the effect of discharge current was 93,658% for TWR and 93,25% for overcut respectively.
Duty cycle value has been calculated to have a low effect on TWR and overcut. It has been determined
that the discharge current and pulse duration values to be used at low levels for better dimensional
accuracy.
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ABSTRACT

In this paper, the low-speed aerodynamic performance of lambda wing with a chord length of c=210 mm and
sweep angle of A =51°, thickness 3 mm, and beveled leading edges on the windward side with an angle of 58° is
investigated numerically. Reynolds Average Navier Stokes (RANS) theorem equations with Spalart-Allmaras
turbulence model were solved up to an angle of attack 45° for incompressible flow around the wing surface and,
are compared to experiment to corralete simulation precision of computational fluid dynamic approaches. Detail
about the aecrodynamic performance of lambda wing including development and formation of the leading-edge
vortex (LEV), the interaction of flow with the surface, flow separations, and stall are studied, presented, and
discussed. LEV was started at 5°, vortex breakdown was observed at halfway along the leading edge at the angle
of 20°, finally, by the time angle is 30°, bursting vortex gives a way to stall stage.

Keywords: LEV, CFD, delta wing, lambda wing,

LAMBDA KANATLI BiR INSANSIZ HAVA ARACININ AKIS
KARAKTERISTIKLERININ SAYISAL OLARAK iINCELENMESI

OZET

Bu Calismada, kirig uzunlugu ¢=210 mm, siipiirme ag¢is1t A=51°, kalinlig1 3 mm ve riizgar yoniine 58° a¢1 ile egimli
hiicum kenarma sahip lambda kanadinin diigiilk hizli aerodinamik performansi niimerik olarak incelenmistir.
Spalart-Allmaras tiirbiilans modeli ile Reynolds Ortalama Navier Stokes (RANS) teorem denklemleri, kanat
ylizeyi etrafindaki sikistirilamaz akis igin 45°'lik bir hiicum agisina kadar ¢oziilmiis ve hesaplamali akiskanlar
dinamigi yaklagimlarmin simiilasyon etkinligini dogrulamak i¢in deneysel verilerle karsilastirilmistir. On ug
girdabinin (LEV) gelisimi ve olusumu, akisin yiizey ile etkilesimi, akig ayrimlari ve stol dahil olmak iizere lambda
kanadinin aerodinamik performansi hakkinda ayrintilar incelenmis ve tartisilmistir. LEV olusumu 5°'lik hiicum
acisinda olugmaya baglamis, 20°'lik egimde hiicum kenar1 boyunca yar1 yolda girdap kirtlmasi gézlemlenmis, son
olarak hiicum agist 30° oldugunda, stol durumuna ge¢mistir.

Anahtar Kelimeler: LEV, CFD, delta kanad, lambda kanadh.

1. Introduction

Lambda wing has aerodynamic superiority compared to another low sweep (A<60°) delta wing,
and varied configurations have been preferred for several UCAYV projects. Development of new type of
unmanned aerial vehicle (UAV) was started in early 2000 which can be used in battle missions while
sustaining the low-cost advantage of UAVs [1]. One of the initial research projects was conducted by
Boeing for X45-A and later several incremental developments were added and more advanced form like
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X45-C with lambda wing was created. Shortly after, another Lambda wing version X47-A for the naval
mission was developed by US Navy and Northrop Grumman. Conversely, X45-C development
continued with NASA for further capabilities and was later named Phantom Ray [2]. Another Lambda
wing UCAYV project is a French/International program led by Dassault Aviation started in 2003, with
the first flight over France in 2012 and lately finished key combat capability and stealth assessments [3].
Taranis is another UCAV project with a modified Lambda wing and projected by BAE Systems in
collaboration with many companies. This project was built on experimentation and learning gained from
the Taranis and Neuron program [4]. Some other UCAV projects related to lambda wing have been
reported in India and China. Aura is an Indian UCAYV project and is under development and expected
to be operational by 2023 [5]. Lijian (Sharp Sword) is a Chinese UCAV project and is still under
development but some of the flight tests were conducted in 2013[6]. Today expectations from UCAV
projects are beyond dreams but some of the designs already completed basic combat capability and
stealth evaluations. Shortly, UCAV will be replaced by the current warplanes and attract so many g's
than manned aircraft with improved combat capability. The Turkish-made UAV TB2 is used actively in
Azerbaijan, Karabakh and then in Ukraine, and it is frequently mentioned by changing the war concept
of the world. In the last three decades, many theoretical and experimental studies have been conducted
to understand the aerodynamic capacity of the delta wing. Vortex development and breakdown is a
major steady and unsteady aerodynamic phenomenon for the low sweep delta wings. UCAV aircraft
was studied both experimentally and numerically [7]. A wind tunnel observation was managed with the
Boeing 1301 UCAYV at various angles of attack up to 70 degrees. In the experiment, the stall occurred
at the angle of 30° but the stall is not deep, and lift variations continued up to deep stall happened at the
angle of 32°. Another Experiment was conducted for the flow field distribution over a lambda wing [8],
two types of leading-edge such as sharp and round were implemented to the wing, and pressure and
velocity circulation were studied using a Pitot tube and a hot wire anemometer. The sharp edge produced
more vortices than the round edge. On the other hand, flow structure on a diamond and lambda wing
was investigated by using PIV and dye visualization [9]. In the study, end view streamlines and vorticity
pattern were presented and compared for the varying angle of attack. In a similar study [10] end view
vorticity pattern was investigated by varying yaw angle from 0° to 20° at the angle of attack up to 35°.
As the changing up the yaw angle, flow symmetry distorted continually and in the dispersed windward
side, leading-edge vortices covered a majority part of the flow domain. Conversely, on the lee-ward
side, leading-edge vortices covered only a small part of the flow domain. Another investigation was
performed to investigate the aerodynamic properties of a flying wing configuration [11] as a part of the
DLR internal project UCAV-2010. Vortical flow over lambda wing and interactions were investigated
for the compressible flow conditions. In another numerical study [12], DLR-F19 lambda model was
investigated with two different CFD data and were checked with experimental observation. Lift and
drag coefficients and pitching moment coefficient were calculated and checked with numerical methods.
The numerical investigation for the flow field over VFE-2 delta wing configuration with rounded leading
edges was conducted by using the Cobalt Navier—Stokes solver and dual primary eddy flow topology
studied and presented, particularly the sensitivity of the flow concerning the attack angle and Reynolds
numbers [13]. In another numerical calculation, Synthetic jet control of the asymmetrical flow field of
the flying wing for an UAV was investigated and the study showed that synthetic jet control cannot
effectively improve the effect of asymmetrical vortex on the lateral aerodynamic characteristic of the
model in zero sideshift [14] on the other hand, in a PIV experiment system, The flow structures and
aerodynamic performance of a thin delta wing with a sweep angle of 65 degrees are equipped with
needle vortex generators was studied and findings were compared with smooth wing [15] study showed
that the acicular wing delays eddy distortion compared to a straight wing. In a wind tunnel experiment,
the effect of the thickness-chorus (t/C) ratio on the aerodynamics of a non-thin delta wing with a sweep
angle of 45 degrees was characterized and results indicated that the effect of ratio on flow structure was
quite substantial [16].

In this study, the flow field pattern of non-slender lambda wing was investigated with numerical
methods. For the numerical part, Reynolds Average Navier Stokes (RANS) theorem equations with
Spalart-Allmaras turbulence model were solved for incompressible flow around the wing surface and,
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are checked with experimental observation [17-21] to validate numerical precision of computational
fluid dynamic methods.

2. Numerical approach

Lambda wing UCAV configurations is given in Figure 1. The model has similarity with the X-
45C and X-47A UCAYV configuration and B-2-type wing platform. The model has a chord length of
¢=210 mm and sweeps angle of A =51°, the thickness of 6 mm and leading edges were beveled as 58°at
the windward side and total lower surface area of 251.78 cm®.

210.00 mm -

125,52 mm

95,00 mm

Figure 1. Lambda wing UCAV configurations

The stream solver PARDISO (built into COMSOL) was selected for its performance, robustness,
memory efficiency, and easy-to-use software for solving shared memory and distributed-on large
systems of sparse symmetric and non-symmetric linear equations. memory multiprocessors. [22].
Spalart-Allmaras turbulence models were used for numerical calculations. This model is also called a
low Reynolds number model and does not use wall functions. The model gives satisfying results for
many engineering problems, especially airfoil and turbine blade applications where it is calibrated [23].
In this calculation standard version of the Spalart-Allmaras model without the trip term was chosen [23,
24] and the model equation was solved for the undamped turbulent kinematic viscosity-¥ as calculated

by Sutherland’s (1893) law (1) [25-28].

v | . N 72

O = ey (1 — f2)S5 + 2 [V.((v + DIVD) + s (V)?] = (Cunfiv — L fiz) (3) + fer- AU (1)
The following four terms correspond to production (2), diffusion (3), dissipation (4), and transition (5),

respectively.
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The default values for the Spalart-Allmaras modeling parameters are as follows:

Cp, = 0.622, k = 0.4187,0 = 2/3, Cp, = 0.1355, ¢, =3.239, C,, =03, Cy3 =2.0,Cy; = 7.1,
Cii =1, Cp =2,C,3 =12 and Cy = 0.5. For the equations, gravity was included and a no-slip
condition was applied on the wing surface. To remove the domain size effect, the simulation area was
extended at least 8 times the chord length of the model. The front and backside of the model were
extended 12 aerodynamic chord distance, and 8 mean aerodynamic chords up and under the surface of
the lambda wing. This configuration is consistent with other numerical studies [7]. The input surface
was set to velocity input and the outlet side was set an open surface with zero atmospheric pressure. For
the delta wing surface, triangular mesh configuration was selected and minimum mesh size was set to
0.0001 m, and 0.0005 m for maximum. Then for the 3D computational domain, tetrahedral mesh type
was preferred with a maximum growth rate of 1.25. The flow field was calculated around 5.9 million
cells. Mesh distribution is given in Figure 2. Not half but the full model was simulated under wind speed
of 5.2 cm/s at the Reynolds numbers around 10,000. In this study, the mesh distribution was decided by
making a comparison in terms of corralation with the experimental and numerical data done before, and
compared studies were specified in the references. Since different data were obtained in different mesh
applications, this mesh distribution correlates the experimental and numerical image was chosen. In the
lower mesh distribution, the results deviate from the experimental comparisons, and in the very high
mesh distribution, insolvency occurs.

Figure 2. Mesh distribution around the lambda wing

3. Results and Discussion

A series of lower surface flow field patterns and plan view contour vorticity magnitude on the
delta wing surface were investigated numerically at varying angles of incidence and are shown in Fig.
3 and Fig.4. At 0=5°, the flow is conventional and no turbulence effect is visible in the image. The
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vorticity contour image for the same angle confirms that there is no formation of the vortex circulation.
This phenomenon is also confirmed with the previously made study [7,29,30]. As the increasing angle
of attack to o = 10° (Fig. 3 and Fig.4) most of the flow regimes keep approximately the same pattern
with increasing size but a small size LEV is started along the leading edge of the lambda wing. In the
streamline velocity image, LEV is developed and circulating along the motion axis. Furthermore, in the
vorticity image of the plan view there are two different vortex regions are beginning to appear and the
vortices are seen to be rather weak and there are no strong cycles. From these vortex fields, the inner
represents primary and the outer vortex represents the minor vortex which is nearer to the leading edge.
At o = 15° primary vortex is quite pronounced and circulation is more frequent at the front but less at
the back. On the other hand, the secondary vortex is significantly weaker tends to disappear and
suggesting breakdown. When a = 20° is reached, the location of the vortex breakdown is approximately
halfway along the leading edge and the vortex breakdown location has shifted forward remarkably at
the angle of 25°. At a=25°, secondary LEV has already disappeared and as shown in the image of
vorticity (Fig. 4 0=25°), there is another vortex region, already formed on the backside of primary
vortices. This vortex is called a tertiary vortex and is recorded by Gordnier & Visbal [31] at Re=26 000
at o =15° for a simple delta wing. This type of vortex indicates that the irregularity in the system has
increased and the vortex breakdown location is approaching the apex. By the time a=30°, the place of
vortex breakdown already reached the apex and bursting vortex slowly changed to a largely stalled lower
surface but there is a continuity in the flow indicating that conditions are still creating lift over the
lambda wing as given in Fig. 3. Additionally, it is observed that the severity of the tertiary vortex region
has increased, and it is completely spread on both sides of the wing in the posterior section as it is shown
in the vorticity contour image in Fig.4 (0=30°). At o =35° and above, the symmetrical flow pattern on
both sides of the wing is distorted and although the same parameters are defined for both sides, the flow
on one side appears to be different on the other side. It is also seen that the LEV axis is curved and
divided into two independent vortex regions and a new and powerful new vortex area is formed at the
back apex as indicated in Fig.4 (a=35°). At 0=35°, LEV axis is completely disappearing and multiple
vortex regions appear on the surface this indicates passage of complete stall phase.

Formation and development of a vortex structure in end-view vector and color range velocity field
are presented in Fig. 5 where the image was plotted at x/C= 0.2, x/C= 0.4, x/C= 0.8. At the small angles
of at 0=5°, the color range velocity field indicates there is no significant difference in the velocity
distribution of the flow but the vector field shows the rotation of the small-scale flow field at the leading
edge. Blue color indicates low speed and higher pressure on the lower surface and reddish color indicates
higher speed and creates a lower pressure on the upper surface thus this pressure difference creates a
positive lift in the upward direction. As the angle of attack changed to o=10°, small scale LEV
development and starts of swirling is evident in every three sections of the image. At the angle of 15°,
the size of the vortex and rotation increased compared to the previous image. By the time 0=20° is
reached, rotation is quite pronounced in the rear section of the image but in the front and middle section
size of vortices is low. As it is presented in Fig 3-5 vortex breakdown happened around in the middle
part of the lambda wing. Low size vortices in the front and middle section implied vortex breakdown
haven’t reached these two sections but already passed rear section at the angle of attack 20°. At a=25°,
the size of vortices in the middle section increased and almost with the same size as the rear part but in
the front, the size of the vortex is weak. As we indicated in the previous Fig. 3-5, location of vortex
breakdown has already passed the middle section but the color range difference (velocity difference) on
the upper and lower surface indicates lambda wing creating lift near the front of the model. When 0=30°
is reached, the size of the vortex in the front section catches the size of the other two back section, and
the location of the vortex breakdown reached the apex. On the other hand, as is indicated in the previous
image in Fig. 3-5, the bursting vortex slowly gives away to the partially stalled phase but the continuity
in the flow is partially maintained and this situation creates lift on the UCAV model. Finally, at a=40°
and above, rotating vortices on both sides of the surface start to merge and indicate a complete passage
of the stall phase.

ADYU Miihendislik Bilimleri Dergisi 18 (2022) 481-490



H. Sogukpinar, S. Cag 486

OStreamImeVe\ocwty field (5') Streamline Velocity figt

Streamline Velocity field (10')

Streamline Velocity field (20')

Streamiing Velocity field (30')

Streamline Velocity field (35') ) Streamline Velocity field (45') {

Figure 3. Streamline velocity field on the surface: Formation of the leading-edge vortex, vortex
breakdown, and flow separation.
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Contour: Vorticity magnitude (5 (1/s) Contour: Vorticity magnitude (107 (1/5)

Contour: Vorticity magnitude (20') (1/s)

Contour: Vorticity magnitude (15) (1/s)

Contour: Vorticity magnitude (35') (1/s)

Figure 4. Plain view contour vorticity magnitude on the delta wing surface (1/s)
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Figure 5. End view vector and velocity field: In the figure upper to lower where x/C= 0.2, x/C=0.4,
x/C= 0.8, when the angle of attack changes from 5° to 45°.

4. Conclusion

A computational study was conducted for unmanned combat aerial vehicles (UCAV) with lambda
wing configuration. For the numerical study, Reynolds Average Navier Stokes (RANS) theorem
equations with Spalart-Allmaras turbulence model were solved for incompressible flow around the wing
surface and, are compared with other study to correlate simulation precision of computational fluid
dynamic approaches. The model has a chord length of ¢c=210 mm with a non-slender sweep angle of A
=51° with a thickness of 6 mm and leading edges were beveled as 58°at the windward side. At the lower
angle of attack at a=5°, flow is conventional and no rotation was observed in numerical calculation. As
the increasing angle of attack, vortex breakdown happened and the place of vortex breakdown shifted
forward up to the apex. By the time o = 30° is reached, vortex breakdown reached the apex and bursting
vortices gives a way to stalled phase. This outcome is compatible with a previous study that used a
similar lambda configuration [7].

In addition, these results were also compared with the data of another numerical method and
although different simulation techniques were used, similar data are obtained. CFD has completed its
evolution and has become a valuable tool for design and analysis in an aerodynamic application, and
has participated in water channel, wind tunnel and flight testing as a critical tool for initial testing.
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OZET

Bu caligmada, lavanta kokusu igeren mikrokapsiillerin farkli yontemler kullanilarak tekstil yiizeylerine
aktarilmasi amaglanmis olup, yontem farkliliginin tekrarl yikama yapilmis kumaslardaki koku kaliciligina etkisi
aragtirtlmistir. Bu amag¢ dogrultusunda ticari olarak satin alinan lavanta kokulu mikrokapsiiller kullanilmstir.
Mikrokapsiiller, iki farkli yontem olan emdirme ve rotasyon baski metotlari kullanilarak %100 pamuklu dokuma
kumaslara aktarilmistir. Uretilen kokulu kumaslarm, ilgili standartlar dogrultusunda 5, 10, 15 ve 20 tekrarh
yikamalar1 gergeklestirilmistir. Yikama sonucunda kumaglarin SEM (taramali elektron mikroskobu) ile
morfolojileri ve FTIR-ATR (fourier doniisiimii kizilotesi zayiflatilmis toplam yansima) ile de kimyasal yapilari
analiz edilmistir. Ayrica, kumaslarin koku kaliciliklart siibjektif olarak degerlendirilmistir. S6z konusu
degerlendirmeler, denek gruplarina anket metodu uygulanarak gergeklestirilmistir. Sonu¢ olarak 20 yikama
sonunda baski yontemiyle iiretilen kumaslarin, emdirme yontemi ile elde edilenlere gore daha giiglii kokulara
sahip olduklar tespit edilmistir.

Anahtar kelimeler: Fonksiyonel tekstiller, aromatik tekstiller, mikrokapsiilasyon teknolojisi, lavanta
mikrokapsiil, yikama dayanimi, koku kaliciligr.

LAVENDER MICROCAPSULE APPLICATION ON COTTON WOVEN
FABRICS AND THE INVESTIGATION OF FRAGRANCE
PERMANANCE ON FABRICS

ABSTRACT

In this study, the application of microcapsules with lavender fragrance to textile surfaces via using different
methods is aimed, and the method difference’s effect on the fragrance permanence of the fabrics with repetitive
washing, were investigated. For this purpose, commercially purchased lavender fragrant microcapsules were
used. Microcapsules were applied to 100% cotton woven fabrics using padding and rotation printing methods.
The as-produced scented fabrics were washed 5, 10, 15 and 20 cycles according to the relevant standards. After
washing, fabrics’ morphologies and their chemical structures were analyzed with SEM (Scanning Electron
Microscope), and FTIR-ATR (Fourier transform infrared attenuated total reflection), respectively. In addition,
the odor permanence of the fabrics was evaluated subjectively. Such evaluations were made via applying the
questionnaire method to the arbitrators. As a result, it was determined that the fabrics produced via printing
method after 20 washings had stronger odors than the ones produced via padding method.

Keywords: Functional textiles, aromatic textiles, microencapsulation technology, lavender microcapsules,
washing durability, fragrance permanence.
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1. Giris

Tekstil yiizeyleri yasamin her alaninda ihtiya¢ duyulan materyaller olup, insan cildiyle uzun
siire temas halinde bulunurlar. Dolayisiyla bireyler, tekstil yiizeylerinin kendilerini iyi hissettiren,
fiziksel aktivitelerini kisitlamayan, hayatlarim1 kolaylastiran ve giivenli, konforlu, saglikli vb.
Ozelliklere sahip olmalarini talep ederler. Bireylerin bu taleplerine karsilik verebilmek adina yapilan
caligmalar sonucunda “fonksiyonel tekstil” kavrami ortaya ¢ikmistir. Fonksiyonel tekstiller; ¢esitli
maddelerin islevselliginden yararlanilarak elde edilen ve tekstil mamullerine farkli bakis acilari
getirip, farkli islevler kazandirilmis triinler olarak tanimlanir [1]. Tekstil yiizeylerine fonksiyonel
ozelliklerin kazandirilmasint ve istenilen etkinligin uzun siireli olarak devam etmesini saglayan
yontemler arasinda en ¢ok one ¢ikan mikrokapsiil teknolojisidir.

Mikrokapsiil, kat1 bir partikiiliin, sivi damlasinin veya gaz kabarciginin etrafinda bir film
tabakas1 olusturacak maddeyle kaplanarak muntazam bir duvar ile ¢evrilmis olan mikro yapidir [2, 3].
Mikrokapsiiller, boyut olarak 1-100 pm arasinda degisebilen [4], morfolojik karakteristikleri kiiresel
veya diizensiz bir sekilde olusabilen ve tek/cok c¢ekirdekli veya matris yapilara sahip formdadirlar [5].
Mikrokapsiillerde, kaplanan maddeye 6z, kaplama i¢in kullanilan maddeye ise duvar adi verilir [6].
Mikrokapsiiller dis etkenlere (basing, sicaklik, siirtiinme ve mekanik kuvvet vb.) maruz birakildiginda,
duvar madde patlar veya bir ¢oziicii etkisi ile ¢oziinlir. Bu asamalar gerceklestiginde ise duvar madde
icerisine hapsedilmis olan 6z madde serbest kalir. Dis etkenler nedeniyle kirillan veya bir ¢oziiclide
¢oziinen duvar maddenin deformasyonu yavas bir sekilde gergeklestigi icin, saglanan etki uzun siireli
olur [7, 8]. Tekstil endistrisinde; gilic tutusur malzemeler, faz degistirebilen materyaller,
antimikrobiyal ajanlar, farkli etkilerle renk degistirebilen boyalar, cilt bakiminda kullanilan etken
maddeler ve gilizel kokular kapsiillenebilmektedir [9]. Bunlarin tekstil ylizeylerine aplikasyonu
saglanarak gii¢ tutusur 6zellikte, 1s1 depolayabilen ve hijyenik 6zellikli kozmetik ve aromatik tekstiller
iretilmektedir.

Gliniimiizde aromatik tekstiller popiilerlik kazanmistir. Clinkii aromatik tekstiller, insanin
dogasinda var olan “giizel kokmak™ algisin1 ve aromaterapinin temel faydasi olan “iyi hissetme”
duygusunu sunabilen yiizeylerdir. Bu tekstillerin iiretiminde kullanilan kokular, ugucu bilesenlere
sahip olduklarindan [9] dolay1 kolaylikla buharlagarak havaya karisirlar ki bu nedenle kokular, tekstil
yiizeylerine direkt olarak aplike edildiklerinde koku kaliciligi saglanamamaktadir. Aromatik tekstil
yiizeylerinde koku kaliciliginin saglanabilmesi i¢in koku maddeleri kapsiillenmektedir. Elde edilen
koku igerikli mikrokapsiillerin tekstillere aplikasyonu genellikle bitim islemleri esnasinda gergeklesir.
Aromatik tekstillerin yikamalara karsi dayanimlan hakkinda literatiirdeki yapilan c¢aligmalar
incelendiginde en fazla 50 tekrarli yikamalarin yapildigi ve bu yikamalarin sonucundaki koku
yogunlugunun siibjektif olarak “zayif” seklinde degerlendirildigi sonucuna ulagilmistir [10, 11, 12, 13,
14, 15].

Bu calismada, ticari olarak satin alinan lavanta kokusuna sahip mikrokapsiiller rotasyon baski
ve emdirme yontemleri kullanilarak %100 pamuklu dokuma kumaslara aktarilmistir. Bu kumaslarin 5,
10, 15 ve 20 kez yikanmalar1 sonucunda, yiizeylerdeki koku kaliciligi siibjektif olarak denek
gruplarma anket metodu uygulanarak degerlendirilmistir. Boylece iki farkli aplikasyon ydnteminin,
tekrarli yikama yapilan kumaslardaki koku kaliciligma etkisi arastirilmistir. Literatiir incelendiginde,
kokulu mikrokapsiillerin rotasyon baski ydntemi kullanilarak %100 pamuklu dokuma kumaslara
aktarilmasi1 ve bu kumaslarin tekrarli yikamalar sonucunda iizerinde kalan koku yogunlugunun
degerlendirilmesi ve/veya rotasyon baski yontemi ile emdirme yonteminin bu amag¢ dogrultusunda
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kiyaslanmas1 konusundaki ¢aligmalara rastlanmamistir. Bu da mevcut ¢calismanin 6zgiin yoniinii ortaya
koymaktadir.

2. Materyal ve Metot

2.1. Materyal

Calisma kapsaminda, Ne 30/1 incelikteki ipliklerle bezayagi dokunmus, 6n terbiyesi (hasil
sokme ve kasar islemi gormiis) tamamlanmus 271 g/m? agirhigindaki %100 pamuklu dokuma kumasglar
kullanilmugtir. Ticari olarak satin alinan lavanta kokulu sivi formdaki mikrokapsiiller, Sardes Tekstil
ve Kimya Sanayi Dig Tic. Ltd. Sti. firmasindan tedarik edilmistir. Bu mikrokapsiillerin tekstil
yiizeylerine aplike olmasi amaciyla formaldehitsiz ¢apraz baglayict (FX 531) ve yumusak tusenin
saglanmasi i¢in noniyonik yumusatict (PERRUSTOL® VNO 500) Rudolf Duraner GmbH
firmasindan temin edilmistir. Caligma kapsaminda kullanilan materyallerin teknik bilgileri Cizelge 1’
de verilmistir.

Cizelge 1. Materyallerin teknik bilgileri

- MICROCAPSULE PERRUSTOL® VNO
Ticari Ad1 LAVANDER FX 531 500
Lavanta Kokulu g .
Kullanim Alani Mikrokapsiil Capraz Baglayici | Yumusatma Apresi
Iyonik Yapisi Katyonik Noniyonik Noniyonik
. . . Polimer esasli mikrokapsiil | Dihidroksietilen Yag asidi
Kimyasal/Fiziksel | . . . -
dispersiyonu /ortalama iire ve katalizor kondenzasyon
Yapisi . e
caplar1 1-6 pm kombinasyonu/sivi | {irlinii/siv1
2.2. Metot

2.2.1. Baski Teknigi

Baski tekniginde kullanilan ve boyasiz pigmentten olusan baski patina, 100 g/kg miktarinda
[16] lavanta kokulu mikrokapsiiller ilave edilerek rotasyon baski regetesi hazirlanmistir. %100
pamuklu dokuma kumasglarin her biriminde homojen olarak mikrokapsiillerin yerlesimini saglamak
amactyla lak bask1 (ful (biitiin) ylizey) tercih edilmistir. Dolayisiyla, Johannes Zimmer marka isletme
tipi bir rotasyon baski makinesine 125 meshe sahip lak baski yapacak sablon yerlestirilmigtir. Bask1
prosesinin ardindan mikrokapsiil aplike edilmis tekstil yilizeylerine %1’lik noniyonik yumusatici ilave
edilerek bitim islemi uygulanmistir. Mikrokapsiil aplikasyonunun islem asamalar1 Sekil 1°de
aciklanmigtir. Bu iglemin ardindan 120 °C’de 20 dk siiresince tekstil yiizeylerinin fikse prosesi
tamamlanmustir.
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=~
Yakma ve Hasil S6kme
60 m/dk
60 "C

l

Kasar Prosesi
70 m/dk
160 °C

|

Rotasyon Baski Hazirlanan baski patinin igerisine
60 m/dk mikrokapsiillerin
4 bar cklenmesi

|

Apre Prosesi Hazirlanan flottenin igerisine
60 m/dk yumusatici apre malzemesinin
160 “C ecklenmesi

|

Fikse Prosesi
120 °C

Sekil 1. Baski teknigiyle mikrokapsiil aplikasyonu

2.2.2. Emdirme Teknigi

Uygulamada, Monforts Montex marka isletme tipi ramdz makinesinde, hazirlanan flotte
igerisine 120 g/l [16] miktarinda lavanta kokulu mikrokapsiiller, ¢capraz baglayici ve 10 g/l yumusatici
apre malzemesi (PERRUSTOL® VNO 500) ilave edilmistir. On terbiyesi tamamlanmis %100
pamuklu dokuma kumaslara kokulu mikrokapsiiller emdirme teknigi ile aplike edilmistir. Mikrokapsiil
aplikasyon islem asamalar1 Sekil 2’de agiklanmistir. Bu islemden sonra 120 °C’de 20 dk boyunca
tekstil ylizeylerinin fikse prosesi gerceklestirilmistir.

-
Yakma ve Hasil S6kme
60 m/dk
60 "C
r -
Kasar Prosesi
70 m/dk
160 °C
- ’ J
Rotasyon Baski
60 m/dk
4 bar
Apre Prosesi Hazirlanan flottenin igerisine mikrokapsiillerin,
60 m/dk capraz baglayicinin ve yumusatici apre
160 °C malzemesinin eklenmesi
Fikse Prosesi
120 °C
.

Sekil 2. Emdirme teknigiyle mikrokapsiil aplikasyonu

2.2.3. Yikama Islemi

Kumas numunelerine EN ISO 6330-2012 standardina gore 40 °C’de 30 dk boyunca Altus
marka ev tipi yikama makinesinde 5, 10, 15 ve 20 tekrarli yikamalar yapilmistir. Numunelerin
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kurutma agamasi tamburlu kurutmada 40 dk siiresince (1000 dev/dk) yaklasik %60 nem miktari
birakilarak tamamlanmustir. Test edilecek kumaglar standart atmosfer kosullarinda (20 °C+2 sicaklik
ve %65 +2 bagil nem) 24 saat kondiisyonlanmustir.

2.2.4. Anket Calismast

Calismada tekrarli yikamalar yapilmis olan kumaslar iizerindeki koku kaliciliginin siibjektif
degerlendirilmesi i¢in anket yontemi kullanilmigtir. Anket yontemindeki aragtirmanin ana kiitlesini,
Agaoglu Tekstil San. Tic. A.S. firmasinda ¢alisan50 kisi olusturur. Firma ¢alisanlarmin, kumaglari
puanlanmalar1 esnasinda samimi ve dogru bilgiler vermelerini saglamak amaciyla anket formunun
iizerinde “bilgilerin yalnizca bilimsel amagcla kullanilacagi” vurgulanmistir. Amaca yonelik olarak
dogru ve gegerli bilgi elde etmek icin denek gruplari, birbirlerinden bagimsiz sekilde farkli statiiye,
yasa ve cinsiyete sahip kisilerden olusturulmustur. Denek grubunu olusturan 50 kisinin demografik
Ozellikleri ve denek grubunun ana kiitlesi Sekil 3’te belirtilmistir.

Cinsiyet Yas Araligi Statii
32% 32% o 18-35 32%  mMiidiir
® Erkek
m36-50 H Personel
m Kadm
0% 50% 36% oL 36% “lhe
(a)
Denek Grubunun Demografik Cizelgesi
Yas Arahg
51-65 Isci
51-65 Midiir
36-50 Personel
18-35 isci
18-35 Miidiir
1 2 3
18-35 18-35 18-35 36-50 36-50 36-50 51-65 51-65 51-65
Miidiir | Personel |  Tsci Miidiir | Personel | Isci Miidiir | Personel |  fsci
mKadin 2 3 3 3 3 3 3 3 2
m Erkek 2 3 3 3 3 3 3 3 2

(b)
Sekil 3. (a) Denek grubunun ana kiitlesi, (b) Denek grubunun demografik 6zellikleri

Calisma kapsaminda elde edilen lavanta kokulu aromatik tekstillerin koku algilanma
oranlarmin siibjektif olarak degerlendirmesi amaciyla, denek gruplari i¢in ayni ortam sartlari
saglanmistir. Uretilen kumaslardan yikama yapilmamis ve 5, 10, 15 ve 20 yikama yapilmis olanlari
refakat kagitlariyla birlikte denek gruplarina dagitilmistir. Denek gruplarindan, numune kumaslara
siirtme etkisi uygulayarak agiga ¢ikan koku yogunlugunu puanlanmalari istenmistir. Puanlamada her
yeni kumasa gecis esnasinda kisilere 5’er dk dinlenme siiresi taninmistir. Anket igeriginde bulunan
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bilgiler dogrultusunda “1 puan: koku yok, 2 puan: koku ¢ok az diizeyde, 3 puan: koku orta diizeyde, 4
puan: koku iyi diizeyde, 5 puan: koku ¢ok iyi diizeyde algilanmaktadir” seklinde siralanmugtir.

S6z konusu anket, internet, bilimsel yayimnlar ve literatiirde yer alan diger kaynaklardan
faydalanilarak hazirlanmigtir [17, 18]. Denek gruplan tarafindan puanlanma agsamasi tamamlandiktan
sonra eksik bilgi olmamasi1 amaciyla ankete verilen cevaplar kontrol edilmistir. Anket yontemiyle elde
edilen veriler, analiz uygulamasina hazir hale getirilmis ve IBM SPSS (Statistical Package for the
Social Sciences) Statistics 22.0 paket programinda analiz edilmistir.

3. Bulgular

3.1. Numunelerin Gramaj Degisimi Analizleri

Kumas numunelerinin islem gérmemis hallerinin 271 g/m* agirliginda oldugu bilinmektedir.
Baski yonteminden sonra kumas numunelerinin gramaj miktarindaki degisimini analiz edebilmek i¢in
kumas numuneleri hassas terazide tartilmistir. Baskili kumaslarin bes farkli yerinden ayni 6lgiilerde
(1x1 m) alman numunelerin agirliklart Cizelge 2’de verilmistir. Bu degerlere gore, kumas
numunelerinde ortalama 15 g/m” agirhiginda degisim meydana geldigi tespit edilmistir.

Cizelge 2. Baskli kumas numunelerinin agirlik 6l¢iim sonuglari

Numune No Kumas Agzlrhgl

(g)/m

01 285,30

02 285,67

03 287,59

04 285,92

05 286,74
Ortalama 286

Emdirme yonteminde ise kumas ve mikrokapsiillii banyo arasindaki afinitenin analiz edilmesi
amaci ile pick-up Sl¢limleri hesaplanmistir ve kumas numunelerinin agirlik dl¢limleri arasinda biiyiik
farkliliklar  gozlemlenmemistir. Dolayisiyla, kumaslarin  iizerinde kalacak banyo miktari
hesaplanmigtir. Bunun igin proses esnasinda kumasin sikma silindirleri ¢ikisindan 20x20 cm
boyutlarinda numune alinmigtir. Alinan yag numunenin hava ile temasi kesilerek pick-up 6l¢iimleri
tamamlanmustir. Kumasm 20x20 cm boyutlarindaki yas ortalama agirligi 20,64 g (516,15 g/m?) iken
askili kurutmada (110 °C) kurutulduktan sonra numunenin kuru ortalama agirligi 11,16 g (279,01
g/m?) lgiilmiistiir. Dolayistyla asagida gosterilen denkleme gore [19] pick-up orani %85 olarak
hesaplanmustir.

Yas Agirlik-Kuru Agirhik

%Pick-up =
% p Kuru Agirhik

x100 (1)

3.2. FTIR-ATR Analizi Sonuclar:

Calismada, elde edilen kumaslarin analizi 4000-500 cm™ araliginda ATR aparatli bir Perkin
Elmer Spectrum two FT-IR spektrofotometresi kullanilarak gerceklestirilmistir.

Sirasiyla; islem yapilmamig (DO) (Sekil 4), ¢calisma kapsaminda emdirme yontemi kullanilarak
elde edilip (EO0), 20 tekrarli yikama uygulanmis (E20) (Sekil 5) olanlarin yani sira, baski yontemi
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kullanilarak elde edilip (BO), 20 tekrarli yikama uygulanmig (B20) (Sekil 6) kumas numunelerinin
FTIR-ATR spektrumlar1 asagida verilmigtir.

%T
105
1310
100 |
95 1
—D0
90 i
1030
cm-1
85
4000 3500 3000 2500 2000 1500 1000 500
Sekil 4. Islem yapilmamis kumasin FT-IR spektrumu
%T
105 1 2900 1310
3300
100
95 1721
—E0
90
1030 —EX
85
80 cm'’!
4000 3500 3000 2500 2000 1500 1000 500

Sekil 5. Emdirme yontemi kullanilan kumaslari FT-IR spektrumlar

% T
105
2000 1310

100 WM
95 | | — B0

3300 1721 n] ——B20
%0
85 ro3g— cm’
4000 3300 3000 2500 2000 1500 1000 500

Sekil 6. Baski yontemi kullanilan kumaglarin FT-IR spektrumlar

FTIR-ATR analizlerinde pamuk lifinin karakteristik pikleri sirastyla 3300 cm™, (OH gerilimi)
1030 cm!, (CO gerilimi) 2900 cm™, (CH gerilimi) ve 1310 cm™'dalga numaralarinda gozlenmistir
[20]. 1721 cm™ de gbzlenen pik ise lavanta yaginda bulunan iki ana bilesen olan linalool (C;oHi5O)
ve linalil asetatin (Ci2H200:) varligimi temsil etmektedir [21]. Bu bilgiler dogrultusunda emdirme ve
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rotasyon baski yoOntemlerinde lavanta kokulu mikrokapsiillerin kumas iizerindeki varliklari
kanitlanmigtir. Spektrumlar detayli bir sekilde incelendiginde, baski yontemi kullanilan &rneklerin
yikama yapilmis ve yapilmamis olanlarin pik yerlerinin birbirine olduk¢a yakin oldugu ve
mikrokapsiil kaybinin yok denecek kadar az oldugu goriilmiistiir. Emdirme ydnteminde ise bu pikler
arasinda (kirmizi ve mavi ile gosterilen piklerdeki kaymalar) azalma yoniinde biiyiik farklar
gbzlenmistir. Bu sonug¢ da; yikama yapilmis kumaslardaki mikrokapsiillerin, yikama esnasinda fazla
miktarda kayboldugu anlamina gelmektedir.

3.3. SEM Analizi Sonuclart

Kumas numuneleri, oncelikle altin kaplamaya tabi tutulmus ve LEO 1430 VP marka SEM
cihazinda 10000x ve 2500x biiyilitme saglanarak analizleri tamamlanmustir.

Islem yapilmamis (DO) ve calisma kapsaminda elde edilen EO, E20 ve B0, B20 kodlarma
sahip kumas numunelerinin SEM mikrograflart Sekil 7°de verilmistir.

P Signal A = SE1 Mag= 250KX
PR WD = 15mm EHT = 2000 kV

(b)
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JR 5ignal A = SE1 Mag= 2.50KX
PR WD = 16 mm EHT = 20.00 kV

PRI signal A = SE1 Mag= 250KX
WA wo= 16mm EHT = 20.00 kv

(d)

P < nal A = SE Mag= 230KX
WER WD = 15 mm EHT =20.00 kV

(e)

Sekil 7. (a) DO, (b) EO, (c) E20, (d) B0, (¢) B20 kumaslarinin SEM goriintiileri

ADYU Miihendislik Bilimleri Dergisi 18 (2022) 491-504



H. Coskun, A.E. Tayyar 500

Bu goriintiilere gore (DO)numunesinde (Sekil 7.a) herhangi bir kimyasal ajanin veya
parc¢acigin olmadigr goriilmektedir. EO kumas numunelerinde (Sekil 7.b) mikrokapsiillerin Iif
aralarinda ve liflerin kesistigi bolgelerdeki varligi gézlemlenebilir olup, E20 numunesinden alinan
goriintiide  (Sekil 7.c) mikrokapsiillerin varliginda biiylik miktarda azalmalarin oldugu
gozlemlenmistir. BO kumas numunelerinde (Sekil 7.d) mikrokapsiillerin yogun bir sekilde dagilim
gosterdigi ve B20 numunesinden alinan goriintiilerde (Sekil 7.e) ise patlamis ve 6z maddesini salmig
mikrokapsiillerin varlig1 goriilmektedir. Boylece; emdirme ydnteminde, baski yontemine gore daha az
miktarda mikrokapsiil kullanilmasina ragmen bu yontem ile aktarilmis olan mikrokapsiillerin yikama
etkisi ile kumas iizerinden kolaylikla uzaklastig1 ve lifler ile kuvvetli baglar kuramadigi sonucuna
vartlmigtir. Ayrica, baski yontemi kullanilarak aktarilan mikrokapsiillerin, lifler ile kuvvetli baglar
kurdugu, yikama ile kumas numunelerinin iizerinden uzaklasmadiklar1 ve mekanik etki ile patlayip,
icerdikleri 6z maddeyi saldiklari tespit edilmistir.

3.4. Anket Calismast Sonuclari

Anket c¢alismasi ig¢in, farkli aplikasyon yontemleri uygulanmis olan kumaslarin yikama
yapilmamig ve tekrarli yikama yapilmis olanlar1 refakat kartlar1 esliginde denek gruplarina
dagitilmistir. Kumag numuneleri, denek gruplari tarafindan siirtme etkisi uygulandiktan sonra ankette
bulunan bilgiler dogrultusunda puanlanmistir. Koku yogunlugu algilanmasinin, yasa ve cinsiyete gore
degisecegi kriteri g6z oOniinde bulundurularak, anket sonuglari denek gruplarinin demografik
ozelliklerine gore gruplandirilip, toplanmistir.

Calismada tekrarli yikama uygulanmis olanlar ile birlikte emdirme yontemine ve baski
yontemine ait toplam 10 farkli kumas numunesi, 50 farkli denege koklatilmistir. Dolayistyla 500 adet
veri elde edilmis olup, bu veriler, SPSS paket programi ile i¢ veya daha fazla grup ortalamalarinin
karsilagtirilmasinda kullanilan tekrarli oOlctimler [22, 23] varyans analizi (ANOVA) iizerinden
degerlendirilmistir. Cizelge 3’te tanimlayici istatistik olarak 10 farkli kumas numunesine ait 1 ile 5
puan arasinda koku varligmin degerlendirildigi verilerin ortalamalar1 ve ilgili standart sapmalar
verilmistir.

Cizelge 3. Kumas numunelerine verilen puanlarin ortalamalar1 ve standart sapmalari

Tammlayici Istatistikler (Descriptive Statistics)
Ortalama Standart Sapma | Toplam Kisi

(Mean) (Std. Deviation) (N)
Baski (yikama yapilmamis) 4,7800 ,41845 50
Baski (5 yikama) 4,1000 ,70711 50
Baski (10 yikama) 3,7000 ,50508 50
Baski (15 yikama) 3,3400 ,59281 50
Baski (20 yikama) 2,5200 ,57994 50
Emdirme (yikama yapilmamis) 4,8000 ,40406 50
Emdirme (5 yikama) 3,4000 ,53452 50
Emdirme (10 yikama) 2,1200 ,62727 50
Emdirme (15 yikama) 1,3800 ,49031 50
Emdirme (20 yikama) 1,1000 ,30305 50

Varyans analizine (ANOVA) gore Cizelge 3°te gosterilen sonuglar incelendiginde hem bask1
hem de emdirme yontemine ait kumas numunelerinin yikama sayilar1 arttikga koku kaliciliklarmin
azaldig1 goriilmektedir. Fakat, 20 kez yikama yapilmis kumas numuneleri yontem farkliligina gore
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kiyaslandiginda; baski yontemi kullanilmis olan kumaslarin ortalama degeri 2,52 iken, emdirme
yontemi kullanilmis olan kumaglardaki ortalama degerin 1,10’a diistligii goriilmektedir.

Calismada kullanilan, baski ve emdirme yontemleri ile {iretilmis kumas numunelerine koku
kalicilig1 {izerinden verilen puanlarin kendi i¢inde kiyaslanmasi igin tekrarli 6l¢iimler varyans analizi
(ANOVA) araciligiyla ikili kargilagtirma (Pairwise Comparisons) tablosu olusturulmustur (Cizelge 4).
Bu tabloda, varyans analizinin anlamli olup olmadigi, énem degerlerini tastyan p > 0,05 ve p < 0,05
olan veriler yer almaktadir.

Cizelge 4. Emdirme ve baski yontemi kullanilarak iiretilen kumaglardaki koku kaliciliklarinin

kargilagtiriimasi
ikili Karsilagtirma (Pairwise Comparisons)
%95 Giiven Araligi
(95% Confidence
Ortalama Interval for
Fark | Deger Difference®)
Aplikasyon Yontemleri .(Mean P Ust Sinir
Difference | (Sig.?) | Alt Sinir
1-) (Lower (Upper
Bound) Bound)
Baski1 (yikama yapilmamis) Baski (5 yikama yapilmis) ,680" ,000 ,410 ,950
Baski (yikama yapilmamis) Baski (10 yikama yapilmis) 1,080 ,000 ,862 1,298
Baski (yikama yapilmamis) Baski (15 yikama yapilmis) 1,440 ,000 1,124 1,756
Baski (yikama yapilmamis) Baski (20 yikama yapilmis) 2,260" ,000 1,966 2,554
Baski (yikama yapilmamis) Emdirme (Yikama yapilmamis) -,020 1,000 -,272 ,232
Baski1 (yikama yapilmamis) [Emdirme (5 yikama yapilmis) 1,380" ,000 1,039 1,721
Baski (yikama yapilmamis) Emdirme (10 yikama yapilmis) 2,660 ,000 2,295 3,025
Baski (yikama yapilmamis) Emdirme (15 yikama yapilmis) 3,400" ,000 3,087 3,713
Baski (yikama yapilmamis) Emdirme (20 yikama yapilmis) 3,680" ,000 3,392 3,968
Baski (5 yikama yapilmis) Baski (10 yikama yapilmis) ,4007 ,000 ,138 ,662
Baski (5 yikama yapilmis) Baski1 (15 yikama yapilmis) ,760" ,000 ,369 1,151
Baski (5 yikama yapilmis) Baski (20 yikama yapilmis) 1,580" ,000 1,236 1,924
Baski (5 yikama yapilmis) Emdirme (Yikama yapilmamis) -, 700" ,000 -1,032 -,368
Baski (5 yikama yapilmis) Emdirme (5 yikama yapilmis) ,700" ,000 ,266 1,134
Baski (5 yikama yapilmis) Emdirme (10 yikama yapilmis) 1,980" ,000 1,532 2,428
Baski (5 yikama yapilmis) [Emdirme (15 yikama yapilmis) 2,720" ,000 2,288 3,152
Baski (5 yikama yapilmis) Emdirme (20 yikama yapilmis) 3,000" ,000 2,592 3,408
Baski (10 yikama yapilmis) Baski (15 yikama yapilmis) ,360 ,016 ,035 ,685
Baski (10 yikama yapilmis) Baski (20 yikama yapilmis) 1,180" ,000 ,888 1,472
Bask1 (10 yikama yapilmis) Emdirme (Yikama yapilmamis) -1,100" ,000 -1,384 -,816
Baski (10 yikama yapilmis) Emdirme (5 yikama yapilmis) ,300 ,191 -,047 ,647
Baski (10 yikama yapilmis) Emdirme (10 yikama yapilmis) 1,580" ,000 1,208 1,952
Baski (10 yikama yapilmis) Emdirme (15 yikama yapilmis) 2,320" ,000 1,971 2,669
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Baski (10 yikama yapilmis) Emdirme (20 yikama yapilmis) 2,600 ,000 2,287 2,913
Baski (15 yikama yapilmis) Baski (20 yikama yapilmis) ,820° ,000 ,545 1,095
Baski (15 yikama yapilmis) Emdirme (Yikama yapilmamis) | -1,460" ,000 -1,776 -1,144
Baski (15 yikama yapilmis) Emdirme (5 yikama yapilmis) -,060 1,000 -,423 ,303
Baski (15 yikama yapilmis) Emdirme (10 yikama yapilmis) 1,220 ,000 ,808 1,632
Baski (15 yikama yapilmis) Emdirme (15 yikama yapilmis) 1,960" ,000 1,604 2,316
Baski (15 yikama yapilmis) Emdirme (20 yikama yapilmis) 2,240" ,000 1,903 2,577
Baski (20 yikama yapilmis) Emdirme (Yikama yapilmamis) | -2,280" ,000 -2,594 -1,966
Baski (20 yikama yapilmis) Emdirme (5 yikama yapilmis) -,880" ,000 -1,232 -,528
Baski (20 yikama yapilmis) Emdirme (10 yikama yapilmis) ,400 ,081 -,020 ,820
Baski (20 yikama yapilmis) Emdirme (15 yikama yapilmis) 1,140" ,000 ,783 1,497
Baski (20 yikama yapilmis) Emdirme (20 yikama yapilmis) 1,420" ,000 1,090 1,750
Emdirme (yikama yapilmamis) |[Emdirme (5 yikama yapilmis) 1,400 ,000 1,103 1,697
Emdirme (yikama yapilmamis) |[Emdirme (10 yikama yapilmis) 2,680" ,000 2,291 3,069
Emdirme (yikama yapilmamis) |[Emdirme (15 yikama yapilmis) 3,420" ,000 3,090 3,750
Emdirme (yikama yapilmamig) |[Emdirme (20 yikama yapilmis) 3,700" ,000 3,433 3,967
Emdirme (5 yikama yapilmig)  [Emdirme (10 yikama yapilmis) 1,280" ,000 ,859 1,701
Emdirme (5 yikama yapilmis)  |[Emdirme (15 yikama yapilmis) 2,020" ,000 1,618 2,422
Emdirme (5 yikama yapilmis)  |[Emdirme (20 yikama yapilmis) 2,300 ,000 1,968 2,632
Emdirme (10 yikama yapilmis) [Emdirme (15 yikama yapilmis) ,740" ,000 ,400 1,080
Emdirme (10 yikama yapilmis) |[Emdirme (20 yikama yapilmis) 1,020" ,000 , 732 1,308
Emdirme (15 yikama yapilmis) |[Emdirme (20 yikama yapilmis) ,280" ,003 ,058 ,502
Cizelge 5. Devami

Cizelge 4’de emdirme ve rotasyon baski ile aplike edilmis ve farkli sayida yikanmig

kumaglarin koku kalicilig1 ikili olarak karsilastirilmigtir. p > 0,05 olan bazi degerlerde, karsilagtirilan
iki kumasin koku kaliciliginin birbirinden farkli olmadigi sonucuna varilmistir. Ayrica, 10 kere
yikanmis baski kumas ile 5 kere yikanmig emdirme kumas, 15 kere yikanmig baski kumas ile 5 kere
yikanmig emdirme kumas ve 20 kere yikanmis baski kumas ile 10 kere yikanmig emdirme kumag
numuneleri arasinda istatistiksel bir fark bulunmamaktadir (p>0,05). Sonug olarak, varyans analizinde
(ANOVA) olusturulan tablolara goére baski yontemi kullanilarak elde edilen kumaslardaki koku
kaliciliginin, emdirme yontemi ile elde edilenlere gore daha giiglii oldugu ve deneklerin de bu
dogrultuda puanlama yaptig: tespit edilmistir.

Calisma kapsaminda elde edilen (ANOVA) analiz verilerine gore olusturulan grafik Sekil 8’de
verilmistir. Sekil 8’de yer alan grafikte, baski ve emdirme yontemleri ile elde edilmis ve koku
kaliciliklar tekrarli yikamalarin ardindan denekler tarafindan degerlendirilmis olan numune
kumaslarin ortalamalarn gézlemlenmektedir. Burada, yikama sayis1 arttikca, her iki yontemden elde
edilmis numunelerde koku kaliciliklarinin azaldig1 goriilmektedir. Fakat, yikama sayisinin artmasiyla,
koku kaliciliklarinda meydana gelen azalma baski yonteminde kademeli olarak, emdirme yonteminde
ise biiylik farklar olusarak gerceklesmistir. Baski yontemi kullanilmis ve 20 kez yikama yapilmis olan
kumagslardaki koku kaliciliklarina verilen puanlarin ortalamalar1 2-3 arasinda iken, emdirme
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yonteminde bu deger 1’e yakindir. Dolayisiyla, baski yontemi ile mikrokapsiil aplikasyonu yapilmig
olan kumaslarin 20 yikamaya sonrasinda emdirme yontemine gore daha dayanikli oldugu sonucuna
ulagilmistir. Baski regetesinde kullanilan binder, mikrokapsiillerin kumasa daha iyi tutunmasini
sagladigi i¢in koku kaliciliginin yiiksek oldugu diigiintilmektedir.

00 4
" — Baski Yontemi

Emdirme Yéntemi

4,00 1

3,00 4

Koku Degerlendirmesi

2,00 4

1,00 4

0 5 10 15 20

Yikama Sayisi

Sekil 8. Emdirme ve baski yontemine ait kumaslarin koku kalicilik puanlariin grafiksel gdsterimi

4. Degerlendirme ve Sonu¢

Bu galismada iki farkli teknik olan emdirme ve baski kullanilarak lavanta kokusu igeren
mikrokapsiiller %100 pamuklu dokuma kumaslara aktarilmistir. Elde edilen kumaglarin tekrarh
yikamalart sonrasinda iki farkli aplikasyon yonteminin kumaslardaki koku kaliciligma etkisi
arastinlmigtir. Kumaglardaki koku kaliciligi, siibjektif olarak, denek gruplarmma anket metodu
uygulanarak degerlendirilmistir. Elde edilen veriler SPSS paket programinda ANOVA araciligiyla
degerlendirilmistir. Analiz sonuglarinda, baski yontemi kullanilarak elde edilen kumaslarin 20 kez
yikanmalar1 sonrasinda; denek gruplarinin vermis oldugu puan ortalamasi 2,52 iken, bu deger
emdirme yoOnteminden elde edilmis kumaslarda 1,10’a diigmiistiir. Ayrica, ydntemlerin ikili
karsilagtirma analizlerinin yapilmasi sonucunda; emdirme ydntemi uygulanmig ve 5 kez yikama
yapilmig kumasin koku kalicilik performansi ile baski yontemi uygulanmis ve 15 kez yikama yapilmis
olan kumasin istatistiksel olarak farkli olmadigi p>0,05 saptanmistir. Dolayisiyla, degerlendirme
sonuglar1 analiz edildiginde; baski yonteminin, emdirme yontemine gore kalict koku saglanmasinda
daha etkili oldugu tespit edilmistir.
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OZET

Su kaynaklarinin azalmasi sebebiyle alinan 6nlemlerden biri su iletim hattinda olusan sizinti konumlarimin dogru
tespitidir. Bu nedenle sizint1 tespiti ile ilgili ¢alismalar 6nem arz etmektedir. Bu ¢aligmada, su borularindaki sizint1
olan bolgelerin tespitinde kullanilmak iizere kiire seklinde bir top iiretilmis ve bu topun gezinti esnasinda anlik
konum bilgisinin en dogru hesaplanabilecegi yontemler arastirilmigtir. Xsens firmasinin IMU sensoriinii iceren
topun belirli hareket giizergdhlarinda gezintisi saglanmis ve anlik ivme, agisal hiz ve kuaterniyon verileri
toplanmustir. Kuaterniyon degerinin pozisyon iizerindeki etkisini analiz edebilmek i¢in iki farkli Kuaterniyon
hesaplama yaklagimimin (Madgwiwck ve Mahony) sonuglar1 degerlendirilmistir. Deneysel ¢alismalar, pozisyon
tahmin dogrulugunun tatmin edici diizeyde oldugunu ve yapilan calismanin sizinti tespit sistemlerinde
kullanilabilecegini gdstermektedir.

Anahtar Kelimeler: Kuaterniyon, imu, madgwick, mahony, pozisyon takibi, sizinti tespiti

EVALUATION OF QUATERNION APPROACHES IN ESTIMATING
THE POSITION OF SPHERICAL BODIES- LEACK DETECTION BALL
APPLICATION

ABSTRACT

One of the measures taken due to the decrease in water resources is the accurate detection of leakage locations in
the water transmission line. For this reason, studies on leak detection are important. In this study, a spherical ball
was produced to be used in the leak detection areas in the water pipes and the methods by which the instant position
information of this ball can be calculated most accurately were investigated. The ball containing the IMU sensor
of Xsens company was provided to travel on certain movement paths and instantaneous acceleration, angular
velocity and quaternion data were collected. In order to analyze the effect of quaternion on position, the results of
two different Quaternion calculation approaches (Madgwick and Mahony) were evaluated. Experimental studies
show that the position estimation accuracy is satisfactory and the study can be used in leak detection systems.

Keywords: Quaternion, imu, madgwick, mahony, position tracking, leak detection

1. Giris

Son yillarda iilkemizde ve diinyada, 6zellikle kiiresel 1sinmaya bagli olarak yasanan mevsimsel
degisimler neticesinde yagislarin azalmasiyla birlikte, giderek artan niifus orani mevcut su kaynaklarinin
yetersiz kalmasina neden olmaktadir. Diinya Bankas1 bu konuda 2017 yilinda hazirlamis oldugu raporda

e-posta! : eyazanl@adiyaman.edu.tr ORCID ID: https://orcid.org/0000-0002-3315-241X (Sorumlu Yazar)
* e-posta? : mfatihtalu@gmail.com ORCID ID: https://orcid.org/0000-0003-1166-8404



mailto:eyazanl@adiyaman.edu.tr
mailto:mfatihtalu@gmail.com

E. Yazan, M. F. Talu 506

mevcut su politikalarinda bir diizenleme olmadig: takdirde 2025 yilinda diinya niifusunun tiigte ikisinin
susuz kalacagi tahmininde bulunmustur [1].

Bircok iilkede kaynaklarin yetersizligi sebebiyle su kaynaklarinin daha verimli kullanilmasi,
gereksiz kullanimlarin ve su kayiplarinin Oniine gegilmesine yonelik politikalar gelistirilmeye
baglanmistir. Bu baglamda bu alanda bir¢ok calisma yapilmig ve hala yapilmaktadir. Su kayiplarinin
Onlenmesi bu ¢aligmalarin basinda gelmektedir.

Si1zint1 tespiti ile ilgili bilinen en eski ve klasik yontem, yer altindaki boru hattinin yer iizerinde
uzman bir kisi tarafindan dinlenerek catlaktan sizan suyun sesini bulmaya ¢alismasidir [2]. D1s ortamdan
kaynaklanan sesler, borudaki c¢atlaktan gelen sesi bastirabilecegi i¢in, dinleme isleminin dis ortam
giiriiltsiiniin az oldugu gece saatlerinde yapilmasi tercih edilir. Catlaktan gelen ses borunun yapildig:
malzeme, borunun boyutu, ¢atlagin biiyiikliigii ve suyun basinci gibi faktorlere gore degismektedir. Bu
nedenle yontemin basarisi dinleme yapan kisinin yetenegine bagimlidir. Bu yontem diisiik maliyetli
olmasina karsilik sizintinin hizli tespit edilememesi ve tahmin dogruluk oraninin diisiik olmas1 sebebiyle
etkili bir yontem degildir.

.:"1

,,:;jf .li!:

j iy [ o Frelonns
Derinlil: Al 'ul Girilth  grahi
0m PaL Zayaf  50-1000 Hz
lm /\ Normal 50 -8000 Hz

Z

‘m § % P Vidksek 50 - 15000Hz

\"\— S1ZIN

Sekil 1. Geleneksel yer iistii kacak tespit yontemi [3]

Yer lizerinden dinlemenin ¢ok verimli olmamasi sebebiyle farkli calismalar gergeklestirilmistir.
Iz siiriicii gazlarm kullanimi bu yontemlerden birisidir [4]. Bu yontemde zehirli olmayan ve suda
cozlinemeyen, havadan hafif hidrojen veya helyum gibi bir gaz boru hattina enjekte edilir ve bu gaz,
sizitinin oldugu noktada yiiksek basingla disar1 ¢ikar. Gaz detektdrleri ile sizinti noktasinin konumu
tahmin edilebilir. Kii¢iik sizintilarin tespitinde kullanilabilen yontemin yiiksek maliyetli olmasi ve uzun
stirede sizintiy1 tespit etmesi gibi dezavantajlar1 vardir [5]. Fiber optik kablo kullanimi ise bir bagka
yontemdir [6]. Boru hatti icerisine dosenen fiber optik kablo ile 6zel bir madde temasa gecerek kablonun
sicakligini degistirmesi neticesinde sizinti tespiti yapilmaktadir. Kizil 6tesi ve termal kameralar da
sizint1 tespitinde kullanilmaktadirlar [5]. Boruda sizint1 olmasi durumunda, sizintinin oldugu noktadan
sizan su, ¢evresindeki toprak isisin1 degistirmektedir. Is1 farki bu kameralarla tespit edilebilmektedir.
Yontemin dezavantaji, termal kameralarm 6zelliginden dolayi, ¢evre sicakligindan daha yiiksek olan
sicak su boru hatlar1 i¢in kullanilabilmesidir. Bu nedenle sehir sebekelerindeki sizintilarin tespiti i¢in
kullanilamazlar. Radar sistemleri de sizinti tespitinde kullanilan bir diger yontemdir [7]. Radardan
yayilan elektromanyetik dalganin yansiyarak yiizeye donme hizi sizintinin oldugu yerle sizint1 olmayan
yer arasinda farklilik géstermektedir. Bu 6zellik sayesinde sizintilar tespit edilir. Boru disindaki metal
nesneler yontemin basarimini etkilemektedir. Bu yontemde bir diger dezavantaj ise farkli toprak
tiirlerinde farkli frekanslarin secilmesi gerektiginden dogru frekansin se¢im zorlugudur.

[letim borularinda meydana gelen sizint1 neticesinde; suyun basincinda degisme, sizan suyun
toprakta neme sebebiyet vermesi ve 1s1 farkliligi, iletim borularinda titresim ve normalden farkli bir ses
meydana gelmesi gibi farkli durumlar meydana gelir [8]. Sizintilarin tespitine yonelik galismalarda
genelde bu farkliliklardan yola ¢ikilarak ¢esitli yontemler 6ne siiriilmiistiir. Catlak bdlgesinden boru
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disina suyun sizmasi sonucunda toprak nemlenir ve 1s1 kaybeder. Yapilan bir ¢alismada 1s1 degisimi
gbzlenerek sizintinin konumu hesaplanmaya ¢aligilmigtir [9]. Boru hattindaki sizint1 suyun basincinda
bir diisiise sebep olur. Bu ilkeye dayanarak sizinti tespit eden sistemler de gelistirilmistir [10]. Bu
yontemlerde, boru hattinin belirli yerlerinden basing ve akis bilgisi alinarak kaydedilir. Alinan basing
bilgileri eski bilgilerle karsilastirilir ve arada belirli bir esik degerinin iizerinde fark tespit edilirse sizint1
oldugu kararina varilir. Bu yontem kiiciik capli sizintilarda kesin sonu¢ vermeyebilir. Ayrica sizinti
olmamasi durumunda da sebeke basincinin diistiigii durumlarda sistemin bunu sizint1 olarak algilamasi
yontemin bir diger dezavantajidir [11]. Titresim ve ses verileri kullanilarak sizint1 konumu tahmin eden
yontemler de One siiriilmiistiir. Bu yontemlerde iletim borusu tizerinde iki farkli noktaya sensorler
yerlestirilerek bu sensorlerden alinan veriler ile sizintinin konumu hesaplanir. Sekil 2.’de temsili resmi
verilen yontemde sensorler tarafindan algilanan titresim veya ses verisi gsm, gprs, rfid gibi farkh
yontemlerle merkezi birime iletilir. Sensoérlerden toplanan bu veriler farkli tekniklerle islenerek
sizintinin oldugu nokta tahmin edilir.

Sensor, | Sensor, 2

Sekil 2. Titresim ve akustik sensorlerle sizint1 tespiti

Bu yontemlerin sizint1 tespitindeki temel prensibi, sinyalin iki sensore de gelis siireleri lizerinde
konum tahminin yapilmasidir. Bu teknige dayali calismalar, temel prensibe bagli olarak sizinti
konumunu tahmin etme yontemleri agisindan farklilik gostermektedirler. Baz1 galigmalarda [12].iki
farkli sensorden gelen veriler ¢apraz korelasyon teknigi ile islenerek sizinti konumu tahmin edilmeye
calisilirken, frekans analizini kullanan ¢aligmalar da gergeklestirilmistir. Bu ¢alismalarda sensorlerden
alman sinyal 6nce Fast Fourier Transform (FFT) teknigi ile frekans ortamina tasindiktan sonra normal
ses harmonisinin diginda kalan kisimlar tespit edilerek sizinti olarak nitelendirilmektedir [13]. FFT
doniisiimii ile zaman bilgisi kayboldugundan dolay1 frekans ve zaman bilgisinin birlikte kullanildig
Dalgacik Doniisiimii (Wavelet Transform) gibi yontemler de s1zint1 tespit calismalarin da kullanilmistir
[14, 15]. Literatiirde, bu yontemlerin sizint1 tahminindeki bagarim oranlarini arttirmak amaciyla gesitli
filtrelerle birlikte bu yontemlerin uygulandigi ¢alismalar da yer almaktadir [16, 17]. Bu iki yontemin
disinda makine O6grenmesi teknikleri kullanilarak sizintt konumunu tahmin edildigi ¢aligmalar da
gergeklestirilmistir [18, 19] . Bu yontemlerin genel olarak en biiyiik dezavantaj1 birden fazla sizintinin
oldugu durumlarda basarimlarinin diigiikk olmasidir. Bu dezavantaji gidererek boru igerindeki tim
sizintilar1 tespit etmeye yonelik calismalar da gergeklestirilmistir. Bu calismalarda, boru igerisinde
gezinen 6zel robotlar yardimiyla sizintidan kaynaklanan basing, titresim ve ses gibi veriler dlciilerek
sizint1 lokasyonunun tahminine yonelik cihazlar gelistirilmigtir. Bu ¢aligmalar daha ¢ok ticari amagh
gelistirilen ¢aligmalardir. Boru igerisinde serbest olarak hareket eden bu cihazlar boru hatt1 gézlem aleti
(Pipeline Inspection Gauge — PIG) olarak nitelendirilirler [20, 21]. Sizint1 tespiti haricinde temizlik ve
gbzlem amagli olarak da gelistirilmis PIG tabanli cihazlar mevcuttur [22]. Sekil 3.’te Nord Stream AG
firmasinin gelistirdigi PIG cihaz1 gosterilmistir.
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Sekil 3. Nord Stream AG firmasina ait Intelligent PIG

Boru hatt1 igerisinde gezinerek tespit yapan bir diger sistem, Ingiltere Su Arastirma Merkezi
tarafindan gelistirilen ve Sekil 4’te sematigi gosterilen Sahara sistemdir.

Cable Drum
[““;'”” Pracessing Lnit {with Chloros Bath)
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Sekil 4. Sahara sisteminin semasi [20]

Bu sistemde akustik sensor bir kablo ile merkezi izleme cihazina bagli olacak sekilde boru hatti
icerisine birakilir. Boylelikle sensor boru hatti igerisinde gezinirken sensoriin konumu ayni anda
izlenebilmektedir. Borunun iiretildigi malzeme, ¢api, yiizeydeki toprak tipi gibi faktorlerin dnemsiz
oldugu bu sistem diger sistemlere gore pahali bir sistemdir. Ayrica kablo ile kullanildigindan dolay:
boru hatt1 icerisinde belirli bir mesafeye kadar gidebilir. Bir diger sizint1 tespit cihazi Pure Technologies
tarafindan gelistirilmis ve SmartBall adin1 vermislerdir [23]. Sudan agir bir malzemeden iiretilen ve dis
ylizeyi siingerle kaplanan top seklindeki cihaz boru hattina birakilarak suyun akisiyla boru igerisinde
ilerler. igerisinde yerlestirilen akustik mikrofon ile ses dinlemesi yaparak merkezi birime kablosuz veri
aktarimi yapmaktadir. Merkezi birimde sesler islenerek sizinti1 olup olmadigi tespit edilir. Ayni zamanda
iki ayr1 GPS alicisi ile topun bulundugu konum siirekli hesaplanmakta ve bu sayede sizintinin hangi
konumda meydana geldigi tahmin edilmektedir. Pahali bir sistem olan SmartBall’un ¢ok kiigiik
sizintilar tespit edebilmesi ise en biiyiik avantajidir.
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Sekil 5. Pure Technologies firmasinin gelistirdigi Akilli Top (SmartBall)

Sebeke borularindaki su kagaklarinin tespiti konusunda gergeklestirilen literatiir taramasi
gostermistir ki, boru hatti igerisine girerek su kacagimin konumunu tespit eden sistemler, borunun iki
ucuna sabit monte edilerek titresim dinleyen veya yer iizerinde yapilan tespit sistemlerinden daha
etkilidirler.

Boru igi tespit sistemlerinde iki 6nemli yazilimin gerekli oldugu goriilmektedir. Birincisi, boru
icerisinde ilerleyen robotun konum bilgisini hassas bir sekilde tespit edilebilme yazilimi (navigasyon),
ikincisi ise boru kagak noktasindan c¢ikan ses ile diger tiim sesleri (suyun akintisi, robotun
yuvarlamasindan veya carpmasindan olusacak sesler) birbirinden ayirabilme yazilimi. Yapilan bu
calismada heniiz gergek su borular kullanilmadigr i¢in sadece hassas konum tespiti yapabilen bir
yaklagim sunulmustur. Bu nedenle bu calismada su dagitim borularinda meydana gelen sizintilarin
konumunu, dagitim sebekesinin isleyisine engel olmadan tespit edebilecek sekilde diisiik maliyetli bir
¢Oziim Onerisi sunulmustur.

Bu kapsamda makalenin ikinci bolimiinde nerilen sistem i¢in uygulanan metot hakkinda bilgi
verilmistir. Uclincli boliimde gerceklestirilen deneyler ve ciktilar1 gosterilmis son boliimde ise
caligmanin genel sonuglart hakkinda degerlendirmeler yapilmistir.

2. Materyal ve Metod

Ivme degeri ile pozisyon hesab1 yapilirken ivme degerlerinin iki defa integrali alindigindan dolay1
istel hata artigina sebep olmaktadir [24]. Bu nedenle bu ¢aligmada gayro degeri ile pozisyon hesabi
yapilmisg, ivme degeri ise gyro siiriiklenmesinden (gyro drift) kaynaklanan hatay1 minimize etmek icin
kullanilmustir.

Calismada boru igerisinde kagaklar1 tespit edebilecek top seklinde cihazlarin konum tespiti igin
bir yontem Onerilmistir. Bu nedenle Oncelikle boru hatlarinda gezebilecek top seklinde bir cihaz
yapilmigtir. Suyun itme kuvvetiyle borunun bir ucundan diger uca hareketlenecek bu topun siirekli
donme hareketi gerceklestirecegi diisiincesiyle yer iizerinde yapilan konum tespit ¢alismalarinda donme
hareketini saglayacak aparatlar kullanilmistir. Boruda donerek ilerleyecek topun igerisinde mikrofon
bulunacak ve ortam sesinin kaydedilmesini saglayacaktir. Gezinti sonrasinda kaydedilen ses verisinin
analiziyle kacak bolgesinden ¢ikan sesin diger ortam seslerinden ayiklanma iglemi gerceklestirilecektir.
Bununla birlikte top igerisindeki Inertial Meausrement Unit (IMU — Atalet Olgii Birimi) sensdriinden
alinan verilerin islenmesiyle de topun gezindigi bolgenin grafiksel olarak haritalandirilmasi
diistintilmiistiir.

Bu caligma kapsaminda sadece pozisyon takibi yapilmis olup sonraki asamada mikrofon ve IMU
sensoriinden alinan veriler zaman bilgisi ile birlikte kaydedilip, topun gezdigi bdlge grafigi iizerinde
sizint1 konumu gosterilmesi hedeflenmektedir.
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Bir nesnenin anlik konumunun takip edilmesi amaciyla farkli teknikler uygulanmis ve farkli
yontemler One siiriilmiistiir. Bu ¢aligmada da iletim hattindaki boru igerisinde yuvarlanarak hareket eden
bir topun igerisinde yer alan IMU sensorii kullanilarak topun konumunun takip edilmesine yonelik bir
yontem Onerilmistir. IMU, igerisinde genel olarak ivmedlger ve jiroskop barindiran ve bu cihazlar
sayesinde ivme ve agisal hiz bilgisi 6l¢en elektronik bir cihazdir. Baz1 IMU c¢esitlerinde manyetometre
de yer almaktadir. IMU, konumlandirma, anlik pozisyon takibi, hareket/yon analizi ve bunlarin
haricinde bir¢ok alanda kullanilmustir.

IMU ile pozisyon takibi g¢alismalarinda genel olarak ivmedlger ile alinan ivme bilgisi
kullanilmigtir. Anlik ivme verilerinin integrali alinarak hiz bilgisi elde edilmis ve hiz bilgisi ile de yer
degistirme miktar1 bulunarak pozisyon takibi yapilmistir. Bunun i¢in 6ncelikle ii¢ eksende (x, y,ve z)
alman ve sensor koordinat sistemi {izerinde olan ivme bilgisi global koordinat sistemine doniistiiriiliir
ve iglemler global koordinat sisteminde gergeklestirilir. Sensor koordinat sisteminde X ekseni sensoriin
ileri yoniinil, Y ekseni sag ve Z ekseni de agag1 yonii temsil eder.

Sekil 6. Global ve sensor koordinat sistemlerinin temsili gdsterimi

Sekil 6°da temsili olarak Global (diinya) ve sensor koordinat sistemleri gosterilmistir. Sekilde de
goriildiigii tizere sensor (s) ve global (g) koordinat sistemlerinin merkezleri ayni1 noktadadir. Koordinat
sistemleri arasindaki doniisiim genel olarak Koordinat Doniigiim Matrisi (Direction Cosine Matrix —
DCM), Euler Agilar1 veya Kuaterniyon ile gerg¢eklestirilmektedir [25].

2.1. Koordinat Doniisiim Matrisi (Direction Cosine Matrix - DCM)

Sensor koordinat sisteminden global koordinat sistemine doniisiim yapilmak istendiginde
kullanilan 3X3 boyutundaki DCM esitlik.1°de yer alan R matrisi ile temsil edilir.

Ri1 Riz Ry 1)
SR = |Rz1 Rz Ry
R31 R3z Rss

Esitlik.1°’de gosterilen her bir Rij elemani; sensér koordinat sistemindeki i. ekseni ve global
koordinat sistemindeki j. eksen arasindaki aginin kosiniis degerini temsil eder. DCM ile sensor koordinat
eksenindeki bir vektoriin global koordinat sistemine doniisiimii esitlik.2’de verilen denklem ile
gerceklestirilir.

a? =9R.a’ )

2.2. Euler Agilar: (Euler Angels)
Bir koordinat sisteminden sirayla ii¢ ayr1 eksende sirayla ¢,0,y acilar1 kadar dondiirme islemi

yapilarak bagka bir koordinat sistemine gegis yapilabilir. Dolayisiyla ilk eksene tekrardan donis
yapilmak istendiginde bu sefer sirayla v, 0, ¢ agilar1 kadar ters yonde dondiiriilmesi gerekecektir. Iki
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koordinat sistemi arasinda doniisiimii saglayan her bir eksendeki bu agilara euler agilar1 denir. Sensor
koordinat sisteminden global koordinat sistemine euler agilart ile doniisiim yapilmak istendiginde
doniisiim matrisi esitlik.3 kullanilarak elde edilir.

cosBcosy singsinfsiny singsiny + cosgcosfcosy (3)
IR = |cosOsiny  cos@cosy + singsinfsing  cos@sinBsin — sinpcosy
—sinf singcos6 cospcos

2.3. Kuaterniyon (Quaternion)

Kuaterniyon bir koordinat sisteminin agisal konumunu bagka bir referans koordinat sistemiyle
iligkilendiren bir degerdir. Bir skalar ve ii¢ boyutlu karmasik say1 vektoriinden olusan dort boyutlu bir
vektordiir. Sensdr koordinat sisteminden global koordinat sistemine doniisiim i¢in tanimlanan
kuaterniyon vektorii q ile gosterilir. Esitlik.4’te gosterilen vy, vy ve v, degerleri v vektoriiniin kendi
ekseni etrafinda o agis1 kadar dondiiriilmesi neticesinde X, Y ve Z eksenlerindeki bilesenleridir.

g=1[9% 91 4z2q5]= [cos% —vxsin% —vysin% —vzsin%] 4)

Kuaterniyon kullanilarak doniigiim yapilmak istendiginde oncelikle konjiige kuaterniyon degeri
hesaplanir. Bu deger q* ile gosterilir ve esitlik.5’ te gdsterildigi gibi hesaplanir.

q =[9% —91 —92-—qs] ®))

Kuaterniyon vektoriiniin konjiige degeri bulunduktan sonra sensor koordinat sistemindeki vs
vektoriiniin global koordinat sisteminde vg vektoriine doniisiimii i¢in esitlik.6 kullanilir.

v=qQv' ® q 6)

Esitlik.6’da yer alan @ islemi kuaterniyon ¢arpimini ifade eder. Esitlik.7’de iki kuaterniyon
vektorl p ve q i¢in kuaterniyon ¢arpimi gosterilmistir.

Podo — P19, — P24, _p3%_ )

Pody T P9, t P29; — P59,
p®q=I[po p1 P2 P3l ® 90 q1 92 q3] =
Poq> — P95 T P90 + P34,

| Poq5 T P19, — P29, + P39, |

Euler agilari ile doniisiim matrisi hesaplandigi gibi kuaterniyon vektorii ile de doniisiim matrisi
hesaplanabilir. Boylelikle koordinat sistemleri arasinda doniisim islemi doniigiim matrisi ile
gerceklestirilebilir. Kuaterniyon vektoriinden doniisiim matrisinin hesaplanmasi esitlik.8’de gosterildigi
gibidir.

2q5 —1+2qf  2(q192 + 9093) 2(9195 — 90492) ®)
R = 12(q102 — 9093) 293 —1+2q% 2(q295 + qoq1)
2(01q3 + 4092)  2(0293 — qoq1) 295 — 1+ 243

Yukarida izahi verilen {i¢ yontemden herhangi birisi kullanilarak sensor koordinat sisteminden
global koordinat sistemine doniisiim yapilabilir. Konum bulma ve pozisyon takibi gibi islemler bu
doniisiim isleminden sonra global koordinat sisteminde gerceklestirilirler.

ADYU Miihendislik Bilimleri Dergisi 18 (2022) 505-518



E. Yazan, M. F. Talu 512

Bu caligmada 6nce kuaterniyon degeri hesaplanmis sonrasinda ise doniisiim matrisi ile global
koordinat sistemine donilisiim islemi gergeklestirilmistir. Kuaterniyon vektorii esitlik.9’da yer alan
denklem kullanilarak hesaplanir.

qe+1 = q: ® [0, Wt+1]T C)

Sensorden alinan gyro degerleri giiriiltiili oldugu igin kuaterniyon vektorii dogru bir sekilde
hesaplanamayacaktir. Bu nedenle gerceklestirilen ¢aligmada, bu giiriiltiiyli azaltmak amaciyla iki ayri
filtre kullanilmistir. Bunlardan birisi Mahony[26] digeri ise Madgwick [27] filtresidir. Mahony filtresi
PI (Proportional-Integra) tabanli bir yontemdir. Ivmedlgerden elde edilen veriler ile gyro degeri
giincellenir sonrasinda quaterniyon degeri Esitlik.9’a gore hesaplanir. Mahony filtresinin genel fikri
ivmedlcerden alinan ivme verileri ile jiroskoptan elde edilen gyro verilerini kombine ederek kullanmaya
dayalidir. Asagidaki esitliklerde bu yontemle quaternion hesab1 gosterilmistir.

2(9294 — 9193) (10)
v= 2(q294 — 9193)
0% = q% — q5° + q,°

€41 = App1 XV (11)
€41 = App1 XV (12)
Wigr = Wepr + Kpee HKiejiq (13)
1 (14)

Awit+1 = qust,t ® [0,weyq]”
Gestt+1 = Qestt T Qw,e+148E (15)

Esitlik 13’te PI yonteminin nasil uygulandigi goriilmektedir. Bu adimda jiroskop’tan alinan gyro
degerleri {izerinde bir diizeltme yapilarak Esitlik.9’da yer alan denklem kullanilarak o adimdaki
quaternion degeri hesaplanmistir.

Madgwick yontemi ile quaternion hesabi ii¢ temel adimda izah edilebilir. Birinci adim, acc
bilgisine dayal1 quaternion degerinin bulunmasi, ikinci adim, gyro bilgisine dayali quaternion degerinin
bulunmasi, son adim ise, bu iki degerin birlestirilmesi. Bu adimlar, asagida yer alan esitliklerde
gosterilmistir.

2(q4294 — 193) — ax (16)
F=| 2(q192 — 9394) — a,
2(0.5 - C122 - Q32) —ay
—2q5 294 —2q, 2q, (17)
J=12q2 2q1 2q. 2q3
0 —4q; —4q3 0
JT*F (18)
Qacct+1 = _BW
1 (19)
Qwit+1 = qust,t ® [0,weyq]”
Gestt+1 = Gestt T (Qacc,t+1 + QW,t+1) * At (20)
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Esitlik 16, 17 ve 18’de ivme bilgisine dayali quaternion degerinin hesaplanmasi, Esitlik 19°da
gyro bilgisine dayali quaternion hesabi ve Esitlik 20°de de bu iki quaternion degerinin nasil birlestirildigi
gosterilmistir.

3. Bulgular

Bu calismada iletim boru hatt1 icerisindeki topun hareketini benzer sekilde gergeklestirecek
diizenek kurulmus ve bu diizenek sayesinde top yuvarlanarak hareket ettirilmistir. Sekil 7.a ve 7.b’de
sirayla sensoriin yer aldigi top ve bu topu yuvarlayarak hareket ettirmek i¢in kullanilan diizenek
gosterilmistir.

Topun igerisinde Raspberry Pi 3 karti, Xsens MTW?2 karti ve gii¢ kaynag1 yer almaktadir. Calisma
offline olarak gergeklestirilmistir. Verilerin kaydedilip islenme hizi online ¢alisma i¢in uygundur.
Gerekli donanimsal ekipmanlar saglanarak online olarak da gerceklestirilmesi miimkiindiir. Xsens
sensoriinden alinan anlik ivme, agisal hiz ve quaternion bilgileri Raspberry Pi iizerinde kaydedilmistir.
Sonrasinda bilgisayar ortamina aktarilan bilgiler MATLAB ortaminda islenerek topun gezdigi alan
grafik iizerinde gosterilmistir.

Sekil 7.a) konum tespiti i¢in kullanilan top b) Topu yuvarlayarak hareket ettirecek diizenek

Gergeklestirilen deneysel ¢calismada pozisyon takibi i¢in ivime (acc) yerine agisal hiz (gyro) bilgisi
kullanilmistir. Bunun igin sensérden alinan anlik agisal hiz bilgisi dnce ¢izgisel hiza doniistiiriilmiis
sonrasinda da konum hesab1 yapilmistir. Sensdr koordinat sisteminden global koordinat sistemine
doniisiim islemleri icin kullanilan kuaterniyon vektorii birisi IMU sensoriinden alinan degerler olmak
tizere ii¢ farkli sekilde elde edilmistir. Diger iki kuaterniyon degeri ise bir dnceki bolimde izah edildigi
sekilde Madgwick ve Mahony’nin onerdigi filtreler ile elde edilmistir. Bu filtrelerde kuaterniyon
hesabinda gyro ile birlikte acc degerlerinin kullanilmasiyla gyro degerlerinin kullanimindan
kaynaklanan gyro siiriiklenmesini (gyro drift) minimize edilmektedir. Her bir kuaterniyon degeri ile
global koordinat sistemine doniisiim yapildiktan sonra elde edilen pozisyon bilgilerinin karsilastiriimasi
yapilarak, bu yontemlerin basarimlari ve kullanilabilirligi gdzlemlenmistir.

Sensorden alman kuaterniyon verisi Kalman filtresi ile sensdr {iizerinde hesaplanarak
iiretilmketedir. Bu nedenle ¢alisma bu agidan Madgwick ve Mahony filtreleri ile Kalman filtresi
kiyaslamasi olarak da degerlendirilebilmektedir.

Sekil.8’de verilerin alinmasindan pozisyon ¢ikarimina kadar yapilan islemlerin islem semas1 yer
almaktadir.
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Sensdrden alinan acc, gyro Gezinme bittikten sonra acc ve gyro verileri ile

ve quaternion degerlerini kaydedilen verileri Madgwick ve Mahony

Raspberry Pi'ye kaydet bilgisayara aktar. quaternion  degerlerini
hesaola

Her bir yontemle elde Xsens, Madgwick ve

adilen global Mahony guaternion

koortinattaki agisal hiz degerleri ile  global

bilgilerini  gizgisel hiza koordinat eksene

dénistir. donisim yap (acc ve
gyro)

Her biri igin konum bilgisi
hesapla ve grafikleri giz.

Sekil 8. Pozisyon takibi siirecinin islem semasi

Islem semasindan da goriildiigii iizere IMU sensoriinden alinan anlik acc ve gyro verileri ile iki
farkli sekilde kuaterniyon degeri hesaplanmistir. Bu iki yontem kullanilarak hesaplanan kuaterniyon
degerleri ile yine sensérden alman kuaterniyon degeri kullanilarak 3 farkli sekilde elde edilen global
sistemdeki acisal hiz bilgileri ¢izgisel hiza doniistiiriilmiis sonrasinda da her bir cizgisel hiz degeri ile
konum hesaplamasi gergeklestirilmistir.

0 = a) 1 L= )
| | |
- | | |
2 | 2 | |
A 1
|
=3 | | = | \
| \ e
- J o + - =
= 1 - | E—
- - - | =
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Sekil 9. Farkl1 yontemlerle elde edilen kuaterniyon degerleri kullanilarak hesaplanan konum
grafikleri (Deney 7) a) Xsens b) Madgwick ¢) Mahony

Deneysel ¢aligma kapsaminda baglangi¢ ve bitis noktalar1 ayni olacak sekilde 14 farkli gezinme
senaryosu gerceklestirilmistir. Sekil 9 a, b ve c’de bir gezinme senaryosu i¢in {i¢ farkli yontemle elde
edilen kuaterniyon degeri kullanilarak elde edilen konum bilgisinin grafikleri gosterilmistir.

Bir diger gezinme senaryosu sonucunda elde edilen grafikler Sekil 10°da gdsterilmistir.
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| E A ) 5 2
Sekil 10. Farkli yontemlerle elde edilen kuaterniyon degerleri kullanilarak hesaplanan konum
grafikleri (Deney 8) a) Xsens b) Madgwick ¢) Mahony

Her iki senaryo icin gosterilen grafiklerden de goriildiigii gibi pozisyon degerleri birbirine yakin
olarak hesaplanmistir. Sonuglarin daha net anlasilabilmesi i¢in her bir gezinme senaryosu igin toplam
uzunluk ile her bir kuaterniyon hesaplama yontemi i¢in metre ve yiizde cinsinden hata oranlari gizelge
haline getirilerek Cizelge 1’°de gosterilmistir. Hata oranlarinin dogru hesaplanabilmesi igin tiim gezinme
senaryolari baslandigi noktada sonlandirilmis bu ylizden baslangi¢ ve bitis aras1 mesafe 0°dir.

Kuaterniyon yontemlerine gore elde edilen sonuglarin metre ve yiizde cinsinden hata oranlari
cizelge 1°de belirtilmis ve her bir deney i¢in daha kii¢iik hata degerine sahip olan yontemler koyu renkte
gosterilmistir. Cizelge 1 incelendiginde farkli gezinme senaryolarinda farkli yontemlerin daha basarili
oldugu goriilmektedir. Ayrica ayni uzunlukta ve ayn sekilde gezinme senaryosuna sahip olan Deney 7
ve Deney 12 sonucunda daha az hata oranina sahip olan yontemler de farkli ¢gtkmistir. Sensérden alinan
verilerin giiriiltiilii olmas1 ve bu giriiltiilerin de dogrusal olmamasi sebebiyle bu durum beklenen bir
sonu¢ olmustur. Deneyler sonucunda gozlemlenen bir diger sonug; tiim gezime senaryolarindan elde
edilen hesaplamalarin ortalamasinda Mahony’nin kuaterniyon yonteminin daha basarili olmasidir.
Ikinci olarak ise Madgwick yontemi gelmektedir. Deneyler sonucunda hesaplanan hata oranlarina
bakildiginda, baz1 deneylerde %] iisiitiinde sonu¢ alinmis olsa da genel olarak %]1’in altinda oldugu
goriilmiistiir. Bu oranlar sizint1 tespit calismalari icin kabul edilebilir bir orandir.

Literatiirde IMU kullanan birgok ¢aligma mevcut olup bu ¢alismalarda pozisyon hesabi igin ivme
(acc) degeri kullanilmistir. [28] nolu ¢alismada da gyro degeri ile pozisyon tahmini iki farkli sekilde
gerceklestirilmistir. 1 metrelik yuvarlanarak gezinme sonucunda ydntemlerin birisi ile 0.5 m (%50),
diger bir yontem ile de 0.02 m (%2) hata ile pozisyon hesaplanmistir. Bu sonuglarla kiyaslandiginda bu
caligmada elde edilen sonuglarin ¢ok daha uzun mesafede daha kiiglik hataya sahip oldugu
goriilmektedir.

Sonug olarak Mahony ve Madgwick yontemleri ile elde edilen kuaterniyon degerlerinin sizinti
tespiti uygulamasinda veya benzeri sekilde kiiresel cisimlerin hareketinde pozisyon kestirimi igin
kullanilabilecegi goriilmektedir.

ADYU Miihendislik Bilimleri Dergisi 18 (2022) 505-518



E. Yazan, M. F. Talu

516

Cizelge 1. Farkli gezinme senaryolar1 sonucunda elde edilen pozisyon bilgilerinin hata oranlar1

Gercek Degerler Hata Degerleri (Gercek — Tahmin)
Baslangic-
Toplam Bitis Xsens (Kalman) Madgwiwck Mahony
Mesafe o
Uzakhg
(m) (m) (m) %) (m) %) (m) %)
Deneyl
(Dikdortgen) 72 0 0.4190 0.5819 1.1146 1.1908 0.8240 0.8803
Deney?2
(Dikdortgen) 93 0 0.6873 0.7343 0.4465 0.4770 0.4917 0.5253
Deney3 50.4 0 0.1427 0.2832 0.2998 0.5949 0.1992 0.3952
(L sekli)
Deney4 20.28 0 0.0656 0.3232 0.0417 0.2057 0.0470 0.2320
(tiggen)
Deney5 45.6 0 02568 | 05632 | 03119 | 06840 | 03834 | 0.8408
(E sekli)
Deney6 15.6 0 0.2524 1.6179 0.2235 1.4328 0.2239 1.4353
(T sekli)
Deney? 36 0 0.0691 0.4431 0.1017 0.6516 0.1649 1.0571
(T sekli)
Deney8 56.4 0 0.1589 0.2818 0.1561 0.2767 0.1656 0.2936
(Uggenler)
Deney9 58.8 0 0.8567 1.4060 0.2678 0.4043 0.2169 0.3178
(U sekli)
Deneyl10 40.8 0 07686 | 18839 | 05155 12636 | 03486 | 0.8544
(F sekli)
Deneyl1 46.8 0 0.3439 0.7349 0.4932 1.0538 0.4197 0.8969
(A sekli)
Deneyl2 36 0 04733 | 40117 | 03930 | 1.0916 | 05268 | 14633
(T sekli)
Deneyl3 552 0 12172 2.2051 0.9580 1.7356 0.9078 1.6445
(H sekli)
8;’:314 48 0 0.6895 1.4365 0.1895 0.3949 0.3475 0.7240
Ortalama 48206 0 0.457 0.948 0.394 0.817 0.376 0.78

4. Sonuclar

Yapilan bu ¢aligmada iletim boru hatti igerisinde sizinti tespiti i¢in kullanilacak bir akilli top
oOnerisi sunularak bu topun boru icerisindeki hareketi dis ortamda taklit edilmistir. Pozisyon takibini
gergeklestirebilmek amaciyla yapilan topun igerisinde anlik ivme, acisal hiz ve kuaterniyon bilgilerini
almak i¢in Xsens Mtw2 IMU sensorii kullanilmistir. Bu sensoriin kullanilma amaci, sensoriin Kalman
filtresi ile kuaterniyon hesaplamasindaki dogruluk oraninin ¢ok yiiksek olmas1 ve yapilan hesaplamalar
sonucunda elde edilen bilgilerin kiyaslanabilecek bir dayanak noktasi olarak kullanilabilecek olmasidir.
Caligmada sensorden alinan agisal hiz ve anlik ivme verileri kullanilarak Madgwick ve Mahony’nin
onermis olduklar1 yontemlere gore kuaterniyon degerleri hesaplanmistir. Bu degerler ve sensorden
alman kuaterniyon degeri ile ayr1 ayri global koordinat sistemine doniisiim yapilmis sonrasinda da topun
gezindigi siire¢ i¢in pozisyon ¢ikarimi yapilmistir. Yapilan testler sonucunda hata oranlari ¢izelge 1°de
gosterilmistir. Bu sonuglara gére pozisyon ¢ikariminda %]1’in altinda bir hata oran1 elde edilmistir. Bu
oran sizint1 tespiti igin kabul edilebilir bir orandir. Ayrica her iki yontemin basarim orani sensorden
alinan kuaterniyon degerine gore daha yiiksektir. Bu sonuglar, Madgwick ve Mahony’nin yontemlerinin
sizimt1 tespitinde veya benzer sekilde hareket eden kiiresel cisimlerin pozisyon c¢ikarimi igin
kullanilabilecek yontemler oldugunu gdstermistir.
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Calismay1 6nemli kilan bir nokta da literatiirde agisal hiz (gyro) degeri ile pozisyon kestirimi
yapan c¢aligmalarin azinlikta olmasidir. Gergeklestirilen ¢alisma bu konuda literature katki
saglamaktadir.

Cikar Catismasi Beyani

Makale yazarlar1 herhangi bir kurum, kurulus, kisi ile kisisel ve finansal ¢ikar g¢atigmast
olmadigini beyan etmektedirler.
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ABSTRACT

The segmentation of skin lesions is crucial to the early and accurate identification of skin cancer by computerized
systems. It is difficult to automatically divide skin lesions in dermoscopic images because of challenges such as
hairs, gel bubbles, ruler marks, fuzzy boundaries, and low contrast. We proposed an effective method based on K-
means and a trainable machine learning system to segment regions of interest (ROI) in skin cancer images. The
proposed method was implemented in several stages, including grayscale image conversion, contrast image
enhancement, artifact removal with noise reduction, skin lesion segmentation from image using K-means
clustering, and ROI segmentation from unwanted objects using a trainable machine learning system. The proposed
model has been evaluated using the ISIC 2017 publicly available dataset. The proposed method obtained a 90.09
accuracy rate, outperforming several methods in the literature.

Keywords: Skin Cancer, Computer Aided Detection, Segmentation, Machine learning, K-means Clustering

ISTENMEYEN BOLGELERIN CIKARILMASI iLE K-ORTALAMA
KUMELEME YONTEMIi KULLANILARAK CIiLT LEZYONU
SEGMENTASYONU

OZET

Deri lezyonlarinin boliitleme, bilgisayarli sistemler tarafindan cilt kanserinin erken ve dogru tanimlanmasi i¢in
¢ok dnemlidir. Killar, jel kabarciklari, cetvel isaretleri, bulanik smirlar ve diisiik kontrast gibi zorluklar nedeniyle
dermoskopik goriintiilerde cilt lezyonlarint otomatik olarak boliitleme zordur. Cilt kanseri goriintiilerinde
ilgilenilen bdlgenin (ROI) boliitleme i¢in K-ortalama kiimeleme ve egitilebilir makine 6grenme sistemine dayali
bir yontem &nerilmistir. Onerilen ydntem, gri tonlamali gériintiiye doniistiirme, kontrast goriintii iyilestirme,
giiriiltii azaltma ile artefaktlarin ortadan kaldirilmasi, K-ortalama kiimeleme kullanilarak goriintiiden cilt
lezyonunun béliitlenmesi, egitilebilir bir makine 6grenimi sistemine dayali olarak istenmeyen nesnelerden ROI'nin
ayristirilmasi gibi gesitli asamalara dayali olarak uygulanmustir. Onerilen model, ISIC 2017 kamuya agik veri seti
kullanilarak degerlendirilmistir. Onerilen yontem, literatiirdeki ¢esitli yontemlerden daha iyi performans
gostererek 90.09 dogruluk elde etti.

Anahtar Kelimeler: Cilt Kanseri, Bilgisayar Yardimli Tespit, Béliitleme, K-ortalamali Kiimeleme

1. Introduction

Skin cancer comprises one-third of all cancer forms, according to the World Health Organization
(WHO) [1]. Cases of skin cancer are increasing as well as mortality rates are on the rise every year.
Every year, roughly 3 million people are diagnosed with non-melanoma skin cancer and 132,000 people
are diagnosed with melanoma skin cancer. The WHO estimates that 9,500 individuals in the United
States are diagnosed with skin cancer each day, and two individuals die from the disease every hour [2].
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Treatment for these conditions costs, on average, USD 3.3 and USD 4.8 per year. Invasive melanoma
categories have grown by 47% in the last 10 years, according to statistics [3,4]. There are around 100,000
diagnoses of melanomas detected each year in Europe. In contrast, 15,229 new instances of melanoma
are diagnosed each year in Australia. As recent statistics have shown, skin cancer incidence has already
been rising steadily since the year 1990. Sun exposure and the use of solariums and tanning beds have
both increased in recent years, which may describe the existing trend [5].

A timely diagnosis of melanoma is critical to the patient's prognosis. The five-year average life
expectancy for melanoma is 92% if detected early. Nevertheless, the greatest issue in identifying
melanoma is the apparent similarity between benign and malignant skin lesions. As a result, even a
highly qualified professional may have difficulty identifying melanoma. Identifying the type of lesion
with the human eye is quite difficult [6]. As a result, a variety of imaging techniques have been employed
over the years, including dermoscopy. Using light magnification equipment and immersion fluid,
dermoscopy is a non-invasive imaging technique that allows us to see the outer layer of skin. Using this
imaging technology, dermatologists are able to detect 50% more malignant cases than they could with
previous imaging methods. There may be a problem with relying solely on the human eye to detect
melanoma in dermoscopic images if the dermatologist's expertise varies from person to person. An
untrained specialist can diagnose melanoma from dermoscopic pictures with an accuracy of 75% to 84%
[3, 7] The use of Computer Aided Diagnosis (CAD) tools is required to help experts diagnose melanoma
and overcome the challenges they face. Preprocessing, segmentation, feature extraction, and
classification are the four phases in CAD methods for detecting a lesion as melanoma. Lesion
segmentation is a critical phase in CAD systems for correctly diagnosing melanoma. In dermoscopic
images, skin lesions vary widely in color, texture, and size, making it difficult to divide them.
Furthermore, the image's poor contrast inhibits nearby tissues from differentiating. The segmentation of
lesions is further complicated by the presence of supplementary elements including blood vessels and
color illimitation such as air bubbles, hair, and black [8].

Skin lesion identification was carried out by a CAD system employing a segmentation approach and
a classification of skin lesion types. In the first stage, the position of the tumor is determined either by
using the traditional segmentation method or a deep learning method. The excised tumor, on the other
hand, must be categorized as nevi, benign, or malignant in the second stage. Nevertheless, both activities
are difficult because of the following factors: (i) Tumors have low contrast, making it difficult for the
segmentation method to correctly identify them; and (ii) despite their similar appearance, there appear
to be visual distinctions among intra-type skin lesions. In an attempt to tackle these problems, numerous
strategies have been presented [9,10], but none have been able to attain considerable accuracy.

Since it influences the precision of the future steps, the segmentation stage is one of the most
crucial. Nevertheless, segmentation is challenging because of the wide range of lesion sizes, colors, and
forms, as well as various skin types and textures. Additionally, many lesions possess uneven borders,
whereas in other instances, the border between the lesion and the skin is smooth. The presence of dark
hair concealing the lesions and the appearance of specular reflections present further challenges. In this
work we apply and evaluate two segmentation techniques including thresholding and K-means. Based
on the results it is shown that K-means has better ability tosegment skin cancer. Thus, this work build a
model to segment skin cancer in different stages: pre-processing, initial segmentation, and post-
segmentation. Pre-processing has been applied using different methods to improve the quality of image
that can help to make an accurate segmentation. Pre-processing followed by initial segmentation that
has been done based on K-means method. The output of K-means shown that it still suffer from
segmentation problem which motivated us to improve the model by applying post- segmentation method
to remove small unwated objects. These model is evaluated using dermoscopic images and compared
with the expected lesion segmentation (ground truth).

In general, the contribution of this study to the literature is that, unlike other studies in the
literature, the bottom-hot filter is used as a pre-process before segmentation. In addition to this, in order
to eliminate the errors in the result obtained with the K-Means algorithm, unwanted objects are removed
as post processing operation.
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In the rest of the article; In the second part, similar studies are summarized, in the third part, the
proposed pre-processing method is explained, the proposed segmentation algorithm is explained and the
results obtained are discussed in the next parts.

2. Related Work

The identification of melanoma relies heavily on the appearance of lesions and the details present
inside them. In order to obtain these features, the skin tumor must be properly segmented from the
surrounding tissue. In order to make a reliable and accurate diagnosis, it is critical to separate the tumor
from the surrounding healthy tissue and extract more relevant aspects of the tumor. Tumors can be
automatically or semi-automatically segmented using a variety of segmentation techniques. Skin lesion
identification was made easier with the help of a new method given by Khan et al. [11]. The lesion
region is segmented using normal and uniform distributions. These segmented images will have their
features retrieved and will then be fused with one another in parallel, utilizing a fusion approach. The
entropy-based method is used in combination with the Bhattacharyya distance and variance formulation
for feature selection. An accuracy of 93.2%, 97.75%, and 97.50% is achieved using the introduced
method on three publically available datasets, including the combined ISBI 2016 and ISBI 2017, ISIC,
and PH2.

This study by Ali et al. [12] presents a Fuzzy C-Means (FCM)-based method for the detection of
melanoma. There are three steps to the methods: preprocessing (contrast stretching), main processing
(FCM), and post-processing (morphological erosion). The contrast stretching stage aims to increase the
dynamic range of the source images by stretching the source image's pixel intensity range. After that,
the FCM method splits the contrast-stretching data into two clusters: lesions and skin. It does this
automatically. Finally, the segmented image is eroded morphologically, with the structural element
being transferred over each pixel of the object to overcome usual abnormalities between lesion and skin
(e.g., irregular boundaries, dark hair covering the lesions, specular reflections, among others). Semi-
supervised skin tumor segmentation is described by Jaisakthi et al. [13]. Segmentation makes use of
grab-cut and K-means clustering together. After the melanoma has been segmented using graph cuts,
the final step is to fine-tune the lesion's boundaries. Prior to feeding the input images to the pixel
classifier, preprocessing procedures including image normalization and noise removal strategies are
performed. In order to segment tumors, Mohanad Aljanabi et al. [14] developed an artificial bee colony
(ABC) technique. There are fewer parameters in the model because it is built on top of a swarm-based
approach that starts with preprocessing digital images before determining the best threshold value for
melanoma to use when segmenting the lesion, similar to Otsu thresholding. Three stages were taken in
this study to identify the melanoma in the dermoscopy images. The colored dermoscopy image's red
channel was chosen for preprocessing. To smooth the data, morphological filtering based on the
Gaussian kernel and a 2D median filter with a size of 20 by 20 were used. The ABC algorithm was then
utilized to determine the ideal threshold value for the segmentation of melanoma in the following
step. Finally, the predicted optimal threshold value was applied for the segmentation of melanoma using
the Otsu method's thresholding technique. This algorithm has high specificity and the Jaccard Index.

3. Proposed Method

In this section, we presented details of the proposed segmentation method as well as presented and
discussed the results of the proposed method. Before the segmentation stage, this method applies some
preprocessing techniques to improve the quality of the image.

First, the RGB image has been converted to a grayscale image; then, histogram equalization and
median filter are performed to improve the contrast of the image and reduce the existing noise in the
image, respectively. Morphological bottom- hat- filtering has been employed to remove hair. Then the
Region of Interest (ROI) has been extracted from the image based on using the K-means clustering
method. The proposed method has been trained and tested on the ISIC 2017 datasets. Throughout
training, the introduced method predicts the segmentation mask and its corresponding edge from a
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source image of a skin lesion concurrently. Only the segmentation mask can be utilized for prediction
during the testing stage. Initially, datasets and subsequent findings are discussed and presented. At the
outset, it is important to mention that we proposed a method that outperformed other similar methods.
Figure 1 depicts a schematic representation of the proposed method.

Skin cancer images

\ 4

Pre-processing

Convert image into grayscale

v

Histogram equalization

v
Median filter

v

Morphological bottom hat filtering

I

Proposed segmentation method

Initial segmentation

K-means clustering

v

Post segmentation

Remove un-wanted objects

A 4

Segmented image

Figure 1. General Framework of the Proposed Segmentation Method

3.1. Dataset

An extensive collection of, in total, 2750 samples of ISIC 2017 dermoscopy images is included in this
dataset [4]. Each image is divided into three groups: A total of 2000 images are used to train the
algorithm, 150 to validate it, and 600 to put it to the test. Also obtainable are the dataset's ground truth
samples, which are being utilized to verify the segmentation technique. The segmentation method has
been validated with a few examples of images. Figure 2 displays a few examples of these types of
images. Seborrheic keratosis (254), melanomas (374), and nevi (1372) were the three classifications
used for the classification task.
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Figure 2. Original ISIC 2017 Sample Images

3.2. Preprocessing Operations

In dermoscope images, hair, gel, and air bubbles can be visible. As a result, image enhancement
approaches such as image resizing, grayscale conversion, contrast enhancement, hair removal, and noise
removal are used to prepare the dermoscope images for further processing. The practice of resizing
images before feeding them to the neural network is sound. That saves computational power and takes
care of memory constraints by allowing the model to convolve faster. It is necessary to downsample
to 256 x 256 resolution of dermoscopic images and their corresponding ground truths to achieve
uniformity across individuals.

Grayscale images are created by converting the original color image to black-and-white. Luminance
values of 8§ bits are used to indicate a grayscale image. The RGB (24-bit) values of a color image are
converted to grayscale values to create a grayscale image (8 bits). Image transformation to grayscale is
followed by image reversal and comparison with the reverted image and the grayscale image in order to
determine cancer symmetry. Figure 3 shows converting an image from RGB to grayscale.

r ?I‘ P -,

i

Figure 3. A Sample of RGB and grayscale image

Increasing the contrast in an image is a technique for bringing out the details. The range of intensity
of the image is changed to increase contrast for better quality through contrast manipulations. Contrast
stretching, also known as normalization, enlarges the dynamic range of the output image by stretching
the range of pixel intensities in the source images. The top and bottom image pixel restrictions on which
an image should be normalized, before we can perform stretching. For an 8-bit image, the top and bottom
bounds of the pixel quantization range are 255 and 0, respectively. Context stretch begins by scanning
an image for the maximum and minimum pixel values currently present. The image pixel range is
stretched using the following formula:
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Ioutput(i:j) = (IOUtPUt(i’j) - C) (Z_chl) ta (1)

Loutpue 18 the image after pre-processing, then it is fed to the next step.

Most of the time, during the photographic process (particularly in medical imaging), various noises
are generated as a result of oscillations, and unwanted alterations are shown in the recorded signals as a
result of this. Noise is a severe concern in image processing activities, and it can cause serious problems.
This phenomenon has a negative impact on image processing, namely on image edge recognition, and
should be avoided. Given the requirement for edge detection distinction, it enhances the impact of high-
frequency pixels, in particular noise, on the edge identification process [15]. The employment of a
median filter is a straightforward method of alleviating this difficulty. This technique is critical for
removing the noise that has been produced in the medical images that have been input. The primary
benefit of median filtering is that it removes noise while retaining edges at the same time. This filter is
a nonlinear low pass filter, which means that it requires extra processing time to complete the filtering
operation. When using median filtering, an m X n neighborhood is taken into account. Finally, the center
element of the sorted numbers is selected and replaced with the center pixel. This process is repeated
until all of the neighborhoods have been organized in ascending order. The median filter is an effective
filter for removing salt and pepper. A 3 % 3 mask has been used in this paper to filter the input images
in a moderately effective manner. While raising the mask size reduces image noise, it sacrifices some
critical edges in the process. Table 1 gives the results of some samples-based median filters. This
strategy is modeled by the following equation:

Yimmn) = median{x(i,j), (i, e C} )
Centered neighborhood around position (m, n) of the image is represented by C.

Table 1. Median Filter Results for Some Samples

Samples PSNR
Sample 1 29.14
Sample 2 31.33
Sample 3 31.71
Sample 4 32.26
Sample 5 28.79

In image processing, morphological filtering is a nonlinear process that is associated with the
morphological properties of the image being processed. When working with binary images, it is useful
for both removing and recovering the undesirable portions of the image that are segmented as foreground
or background in a binary image. An operation on a binary image called a morphological operation
introduces a new binary image where the pixel has a value that is not zero. Erosion, dilation, opening,
and closing are just a few of the fundamental morphological operations. The bottom-hat transformation
is a morphological algorithm that is used in many applications. These transformations are employed in
the removal of items from an image by employing a structural element in the opening operation and do
not fit the objects to be removed in the closing operation when utilized in the opening operation. There
are various sorts of morphological algorithms to choose from. The bottom hat filtering technique is
applied to this input image. The top-hat filtering technique is used only for light things on a dark
backdrop, and the bottom-hat filtering technique is used only for dark objects on a light background in
a photograph. Using bottom-hat filtering, you may take an input image and remove it from the result by
morphologically closing on the same input image.
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Any color space of the filtered image is subjected to a morphological bottom-hat filtering operation.
The structural element is then obtained as a result of this. It improves the contrast between normal skin
and hair in dermoscopy images by enhancing the contrast between normal skin and hair. The
transformation of the image to a binary image is then carried out, with a threshold of 5% being used. To
achieve NewlImage, we conduct element-wise multiplication of each multiplied array of binarized hair
and in each color space of RGB, respectively, and then divide the result by the number of elements in
the array. Additionally, we convert the output image Newlmage into a binary image using a 2%
threshold for the binary image.

Figure 4. Obtained Image After Hair Removal Process

4. Proposed Segmentation Method

The main purpose and contribution of this work is to build a fully automatic trainable method based
on K-means and a machine learning system, where this method is able to segment Regions of Interest
(ROI) from skin cancer images accurately. because ROI extraction from dermoscopic skin cancer
images is still considered a difficult task. Thus, this work proposes a segmentation method based on two
main stages called initial segmentation and post-segmentation. In the first step, we used the K-means
method to extract the region of interest from the image.

One of the most common segmentation techniques that is utilized in the literature is called K-means
clustering. This technique is considered an unsupervised clustering method in machine learning. It is
utilized to cluster and differentiate data into different groups. Because an image consists of different
regions such as a Region of Interest (ROI), background, and artefacts, K-means can be utilized in a
segmentation task to isolate wanted regions from unwanted regions. The K value should be determined
in the K-means technique, where this value represents the group number or image regions that could be
divided. The K-means technique can work based on two main steps. The first one is to calculate the
mean of all group numbers or clusters. Second, calculate the distance of each point from each group or
cluster by calculating its distance from the corresponding cluster mean. Each point in the image is
determined by the nearest cluster of them. K-means runs through the two processes until the sum of
squared points inside each group reaches a user-defined minimal error threshold. To cluster randomly,
the initial points must be defined. During iteration, the k-means technique tries to minimize the sum
across all groups and the sum of squared errors inside each group, as well as changing the center of each
group dynamically during run time.

The image which has been obtained from the previous stage (pre-processed image) is subjected to the
K-means clustering algorithm for segmenting ROI in skin cancer. K-means is considered one of the
most popular for color-based image segmentation. Each pixel in the image is first assigned to a cluster
with the goal of minimizing the cluster sum of squares, and then cluster pixels are updated using the
new mean for each cluster.

The pixel assignment to a special cluster is performed based on using Equation (3).

S0 = by i < | i <4 ®
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Where, s(® represents cluster, Xj is observation, m 1)indicates updated mean.

In this study, we have determined the cluster number as two. This is because this work tries to segment
and differentiate the image into wanted and non-wanted regions. The output of the results of K-means
in an image that has pixels classified into various clusters.

The output of the initial segmentation was ROI with some unwanted objects. Deleting these unwanted
objects was still challenging. A machine-learning-based trainable model was established to solve this
issue. The goal of this work was to develop a method for obtaining the ROI from an image. In this
section, the Gabor feature was employed in the proposed method to extract ROI from the image
background and unwanted objects. Several images are selected as training samples for the proposed
approach. Samples taken from both within and outside the ROI were utilized to select different blocks.
The ROI and non-ROI classes were identified in these blocks. The Gabor feature was extracted from
these regions. A Gabor function can be utilized for edge detection in image processing. The two-
dimensional Gabor filter is capable of achieving the best localization in both the spatial and frequency
domains, making it well suited to express the local structure data of an image that corresponds to the
spatial size, spatial position, and direction selectivity. A Gabor filter is frequently used to represent and
describe texture aspects because its frequency and direction representations are similar to those of the
human visual system. The two-dimensional Gabor kernel form that we select is as follows:

kol Mkl Il o
|| 1OL-,"27|| e_( wv )[eiku,vz —e_(T>:| (5)

wu,v (Z ) =
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Finally, the obtained features were fed into a Support Vector Machine (SVM) classifier. Similar
to a neural network, the SVM is a mathematical computing unit that builds hyperplanes to define the
categorization decision border. SVM configurations are primarily motivated by the desire to maximize
separation between categorized labels. Binary classification is applicable to SVM. The original SVM
was designed for linear classification, but a kernel function was used to produce a non-linear
classification. Kernel functions convert low-dimensional data into high-dimensional spaces that allow
for linear data separation. The supervised learning model is used to train SVM, which is developed from
statistical learning. Solving a quadratic equation with linear constraints is translated into a quadratic
programming issue [18].

5. Experimental Results

At the outset of this section, we provide details of the implementation of our strategy. The dataset and
performance measures utilized for evaluation were then discussed. To demonstrate the significance of
each parameter and module, the work conducts experiments involving parameter setting and ablation
study. Eventually, the method's effectiveness is assessed and compared to other available options. The
International Skin Imaging Collaboration (ISIC) 2017 served as a testing ground for our skin imaging
model. We used the ISIC 2017 training set of skin lesion images to develop our method. Only the
segmentation mask is required for evaluating the proposed method's efficiency during the testing stage.
Data from ISIC 2017 was used for model validation and testing, respectively. Figure 5 shows some
examples of the proposed model's segmentation results. The proposed model's performance could be
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compared to the available ground truth. All images were preprocessed before being fed into the

segmentation model.
(b) (c) (d)

(a)

(b) (b) (© (d)

Figure 4. Segmentation Results based Proposed Method, (a) Original image (b) Masking Image (c)
Segmented Image (d) Ground truth

Sensitivity, specificity, and accuracy were utilized as performance measures to assess our proposed
model. The percentage of properly segmented pixels in the tumor region is represented by sensitivity,
while the percentage of properly segmented non-tumor regions is shown by specificity. Finally, the
accuracy metric shows how well the segmentation algorithm performed pixel by pixel. To check the
matched and unmatched pixels in both the automatic segmentation method and ground truth, the Jaccard
similarity coefficient has been used, which compares the pixel’s similarity between both images. In
contrast, the Dice similarity coefficient computes the similarity between both ground truth image and
segmented image based on the proposed method [16, 17]. The following equations are used to evaluate
all of the previously stated evaluation measures:

Accuracy(Ac) = % (6)
Sensitivity(Sn) = TPT+PFN @)
Specificity(Sp) = TNTiVFP (3)
Jaccard(JD) = l';:S;', ©
Dice = % (10)

True positives, false positives, false negatives, and true negatives are represented by the letters TP,
FP, FN, and TN, respectively. Images with properly segmented lesion pixels are classified as TPs;
alternatively, they are classified as FNs. When a non-lesion pixel's estimation is non-lesion, it is regarded
as a TN. Otherwise, it is a false positive. In Equation (8), X represents the number of pixels in ground
truth and Y represents the number of pixels in the segmented image. The performance evaluation of the
proposed method for skin cancer segmentation has been presented in Table 2 using the machine learning
field. Here, the K-means clustering algorithm is introduced after the preprocessing stage. To remove
unwanted objects, this study presents model-based machine learning, which shows improved results
than K-means clustering. The performance evaluation of the proposed method has been calculated based
on using three different metrics. Here we have used 215 images for testing data. The segmentation
performance of the proposed method based on the ISIC 2017 dataset was obtained with 90.09 %
accuracy. The proposed method failed in segmentation on 215 images, whereas 198 images were
segmented correctly. As it is shown in Table 2, the proposed method obtained an 89.33% sensitivity rate
and a 91.04% specificity rate.
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The classification of skin lesions as melanoma relies heavily on the ability of CAD systems to
automatically segment the lesions. Particularly in the case of traditional methods, which necessitate the
use of an effective segmentation method. This research did not use any data augmentation strategies.
Here, 2000 images were used to train the proposed model. It was found that the proposed method
performed better than k-means and thresholding segmentation models. High spatial resolution images
can be used to segment skin lesions in the proposed method. The segmented region of the lesion thus
yields more detailed characteristics, which improves classification accuracy. Table 2 shows a
comparison of the proposed method's robustness with that of current approaches. This table compares
our method's performance with other traditional techniques, including K-means and the thresholding
method. Based on the results that have been presented in Table 2, our proposed method has improved
k-means after removing unwanted objects. It is shown that our proposed model is more robust than K-
means and thresholding.

Table 2. The comparison of the proposed method with previous studies.

Method Ac Sn Sp JD Dice
K-means 83.12 85.83 87.41 81.22 86.03
Thresholding 81.02 79.65 82.75 80.07 83.8

Proposed Method 90.09 89.33 91.04 85.71 91.12

6. Conclusion

This study proposed an effective and reliable method for skin lesion segmentation. The proposed
method was able to overcome several challenges where there were no issues with the system's ability to
handle skin lesion borders that were both irregular and fuzzy. In the preprocessing stage, we have used
histogram equalization, median filter, and morphological bottom hat filtering to enhance the contrast of
the image, noise reduction, and hair removal. The proposed segmentation method has been performed
in two stages. In the initial stage, we used the K-means method to extract skin lesions from the
background. Then, to obtain an accurate ROI and remove unwanted objects, we have built a machine
learning system based on Gabor feature and SVM classifier. Accuracy was significant when the
proposed model was evaluated on a publicly available dataset. Metrics like sensitivity and specificity
showed that the new system outperformed when compared to the current state-of-the-art methods.

In future studies, the classification of the types of skin lesions obtained as a result of this study will
be carried out. This study will play an important role in increasing the classification success.
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OZET

Aktarma Koyii, Balikesir ilinde ve Balikesir Merkeze 21 km uzakliktadir. Calisma alani, Hallaglar volkanikleri
icinde yer almaktadir ve dere sediment drnekleri bolgedeki dere yatagi boyunca 23 adet alinmistir ve Ag, As, Ba,
Cd, Cu, Ni, Pb ve Zn element icerikleri incelenmistir. Yapilan elementler arasi korelasyon katsayilarina gore, Ag-
Cd, Ag-Zn, Cd-Cu, Cd-Pb, Cu-Cd, Cu-Zn ve Pb-Zn arasinda yiiksek, Cd-Zn (0.96) arasinda ¢ok yiiksek pozitif
korelasyon gozlenmektedir. Dere sedimentlerinin igerdigi elementlere gore, ii¢ element toplulugu belirlenmistir.
1. Faktor; Ag, Cd, Cu ve Zn elementleri, 2. Faktor; Ba ve Pb elementleri ve 3. Faktor; As elementidir. Calisma
alanindaki dere sedimentlerinde element dagilimlarina bakildiginda, genel olarak orta ve giiney kisimlarda alinan
orneklerde yiiksek anomaliler goriilmektedir. Dere sedimentlerindeki elementlerin yiiksek anomali gdstermesi
hidrotermal ¢ozeltilerden kaynaklanmis olabilir.

Anahtar Kelimeler: Alansal dagilim, dere sedimenti, faktor, korelasyon.

RELATIONSHIPS BETWEEN ELEMENTS FOUND IN AKTARMA
(BALIKESIR) STREAM SEDIMENT SAMPLES

ABSTRACT

Aktarma Village is in Balikesir province and 21 km from Balikesir Center. The study area is located within the
Hallaglar volcanics, and 23 samples of stream sediment samples were taken along the stream bed in the region and
Ag, As, Ba, Cd, Cu, Ni, Pb and Zn element contents were investigated. According to the correlation coefficients
between the elements, a high positive correlation is observed between Ag-Cd, Ag-Zn, Cd-Cu, Cd-Pb, Cu-Cd, Cu-
Zn and Pb-Zn, and very high positive correlation is observed between Cd-Zn (0.96). According to the elements
contained in the stream sediments, three element assemblages were determined. 1. Factor; Ag, Cd, Cu and Zn
elements, 2. Factor; Ba and Pb elements and Factor 3; As element. When the element distributions in the stream
sediments in the study area are examined, high anomalies are observed in the samples taken in the middle and
southern parts in general. The high anomaly of the elements in the stream sediments may have resulted from
hydrothermal solutions.

Keywords: Spatial distribution, stream sediment, factor, correlation.

1. Giris

Dere sedimentleri, jeokimyasal olarak kaynaklarmin litolojisini yansitir [1, 2], bu da dere
sediment jeokimyasini etkili bir arama araci yapar [3]. Kurak bolgelerde dere sedimenti kullanilarak
jeokimyasal arastirma yapmak bir¢ok agidan zorludur. C61 ortamlar1 daglar ve havzalar olmak iizere iki
morfolojik tipte siniflandirilir [4]. Daglik alanlar, aliivyonlar {izerinde daha ¢ok kayaclarla karakterize
edilirken, havza alanlar1 aliivyon ve kumlarla karakterize edilir [5].
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Dere yataklari, yerkabugunun malzemelerinin siirekli geri doniigiimiine neden oldugu en énemli
dinamik sistemlerdir. Bu anlamda dereler, kitalardan okyanuslara, kitasal asinmadan, yani kayag
agmmas1 ve erozyonunun sinerjik etkisinden kaynaklanan sedimentlerin esas tasiyicisidir. Birikmis
sedimentler, kaynaktan dere yataklarina kadar gegisteki tiim siireclerin izlerini korur. Birikmis dere
sedimentlerinin jeokimyasal bilesimi ve kdkenleri hakkinda 6nemli bilgiler saglar ve bu nedenle,
bolgedeki ayrisma egilimlerini, sedimentin kaynagini, ¢okelme ortamini ve kirlilik kaynaklarini ortaya
cikarmak icin kullanilabilir [6-10]. Dere sedimentlerinin jeokimyasal bilesimleri, bir drenaj havzasinin
ortalama bilesimini ortaya koymaktadir [1]. Kimyasal ayrisma sedimentlerin elemental jeokimyasini
ve mineralojisini gii¢lii bir sekilde etkiledigi bilinmektedir [11, 12].

Dere sedimenti, biiyilk o0l¢iide, altta bulunan anakayadan ayrismig pargalardan, mineral
tanelerinden ve dere yatagindaki yiizeysel malzemelerden olusur. Bu nedenle, sedimentin kimyasal
bilesimi, tipik olarak alttaki kayaglarin bilesenlerini yansitir. Dere sedimenti madencilik, agir sanayi ve
tarim uygulamalar gibi insan faaliyetlerine atfedilebilecek kirleticiler i¢in 6nemlidir. Bu nedenle, dere
sedimenti ylizeydeki malzemelerin kimyasal kalitesini belirlemek i¢in kullanilabilir [13, 14].

Dere sediment jeokimyasi, mineral kaynaklari, ¢evre koruma ve jeolojik siireclerle ilgili olarak
farkli elementlerin dagilimina iliskin ¢ok dnemli fikirler saglayabilir [15]. Bu nedenle, diinya ¢apinda
birgok jeokimyasal arastirmaci dere sediment drneklerini toplamakta ve analiz etmektedir [14, 16].

Bolgeden alinan 6rneklerin analiz sonuglarinin istatistiksel degerlendirmesi yapilarak, Ag, As,
Ba, Cd, Cu, Ni, Pb ve Zn clementlerinin korelasyon ve faktor yiikk degerleri ile alansal dagilimlari
incelenmistir.

2. Jeoloji ve petrografi

Aktarma Koyii Balikesir’in 21 km kuzeybatisinda olup, Hallaglar volkanikleri iginde yer
almaktadir (Sekil 1 v e Sekil 2)). Hallaglar volkanikleri, inceleme alaninin en eski birimi olup Ust
Oligosen - Alt Miyosen yaslidir.

Hallaglar volkaniklerinin iizerine uyumsuz olarak Dedetepe formasyonuna iat (Alt Miyosen)
aglomera, tiif ve andezitik lavlar gelmektedir. Bu Dedetepe formasyonunun {izerine uyumsuz olarak
marn, kiltagi, kirectasi ve dolomitlerden olusan Soma formasyonu (Orta Miyosen-alt Pliyosen) ve en
istte ise Kuvaterner yasl aliivyonlar bulunmaktadir (Sekil 2) [18]. Aliivyonlar, ¢alisma alaninin
kuzeyinde bulunan Kuvaterner yash aliivyonlar iri ve ince taneli ¢akillar seklinde bulunmaktadir [17,
18].

Hallaglar volkanikleri, genellikle alterasyona ugradiklarindan sari, krem ve agik kahverenginde
bulunur [19, 20]. Calisma alanindaki Hallaglar volkanitleri andezit bilesiminde olup, petrografik olarak
piroksen, plajiyoklaz, biyotit, amfibol ve opak minerallerinden olugmaktadir. Volkanitler igerisinde
sonucunda kuvars, ojit, biyotit ve hornblend igeren bir matriksin yani1 sira biyotit mikrolitlerini
bulunduran volkanik camsi bir malzeme oldugu goriilmiistiir [21]. Bu volkanikler jeokimyasal olarak
yiiksek K’lu ve kalk-alkalen 6zellige sahiptirler [17].

Hallaglar volkaniklerinin kalinlig1 yaklasik olarak 400 m. kadardir. Calisma alaninda volkanik
evre, dasit, riyodasit, andezit, traki-andezit tipi lavlardan, tiiflerden ve silislesmis tiiflerden meydana
gelmistir. Tiifler, cok genis bir alanda yiizlekler verirken, lavlar ve lav domlar1 daha dar bir alanda
yiizlekler vermistir. Lavlar kahvemsi, siyahims1 ve gri renklerde yer yer altere olmustur. Bir kisim
tiiflerde ise, bozugmaya ve alterasyona ugramis ve silislesmistir.

Biiytlik miktarda silislesmis lavlar, yer yer piritlesmis ve arjilitlesmistir. Lavlar igerisindeki Cu ve
Zn cevher element igeriklerinin yiiksekligini alterasyon ile iligkili oldugunu yani, alterasyonun
artmasina bagl olarak kayaclardaki Cu ve Zn cevher element igeriginin de arttigini belirtmistir [22].
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Sekil 2. Calisma alan1 ve ¢evresinin jeoloji ve lokasyon haritasi [23, 24].
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3. Materyal ve Metod

Caligma alanindaki dere yatagindan ve {istteki ortii atilarak alinan 23 adet 6rnegin koordinatlart GPS
ile kayit edilmistir. Dere akis yoniinde alinan 1.5-2.0 kg agirligindaki sedimentler 2 mm’lik plastik
elekten gegirilerek posetlere konulmus, numaralandirilmis ve laboratuarda oda sicakliginda
kurutulmustur. Alinan tiim 6rnekler -80 mesh agikliga sahip elek ile elenerek 15-20 g olacak sekilde
posetlenerek kimyasal analizlerinin yapilmasi hazirlanmigtir.

Aktarma koyti ve ¢evresinden alinan 23 dere sediment 6rneginde 7 elementin kimyasal analizi
Yozgat Bozok Universitesi BILTEM’de (Bilim ve Teknoloji Uygulama ve Arastirma Merkezi, Y ozgat)
ICP-MS teknigi kullanilarak yapilmigtir.

Daha once ¢izilmis ¢aligma alanina ait jeoloji haritas1t Adobe Illustrator CS3 programi kullanilarak
caligmanin amacina uygun olarak yeniden ¢izilmistir. Dere sedimentlerine ait istatistiksel degerler,
korelasyon katsayilar1 ve faktor analizleri SPSS 15.0 programiyla hesaplanmigtir. Bu sedimentlerin
element dagilim haritalar1 ise SURFER 9.0 program ile ¢izilmistir.

4. Tartisma ve Sonuclar

Calisma alan1 ve g¢evresinden toplanan 23 adet dere sedimentinden elde edilen jeokimyasal
analiz sonuglari, SPSS 15.0 programi kullanilarak istatistiksel olarak hesaplanmig ve Tablo 1°de
verilmistir.

Tablo 1°de aritmetik ortalama degerleri ile medyan degerleri arasinda ¢ok az farlilik gozlenmesi,
incelenen elementler arasinda normal bir dagilimin oldugunu goéstermektedir [25].

As, Ba, Cd, Cu, Ni, Pb ve Zn elementlerinin hesaplanan ortalama degerleri, standart sapma
degerlerine gore biiyiik yani elde edilen verilerin ortalamaya yakin oldugu goriilmiistiir (Tablo 1).

Cizelge 1. Inceleme alan1 sediment drneklerinin istatistiksel degerleri (mg/kg)

Minimum Maksimum Aralhk A. Ortalama Std. Sapma

Ag 0.02 0.98  0.96 0.14 0.2
As 3.7 101.5 978 313 28.7
Ba 70 460 390 213.0 127.8
Cd 0.10 097 087 0.36 0.26
Cu 25.2 1525 1273 61.0 335
Ni 7.80 742  66.4 18.7 14.2
Pb 12.3 834 711 35.2 21.1
Zn 59 163 104 97.1 31.3

Hesaplanan sperman korelasyon katsayilarina bakildiginda, Ag-Cd (0.70), Ag-Zn (0.65), Cd-
Cu (0.62), Cd-Pb (0.63), Cd-Zn (0.96), Cu-Cd (0.62), Cu-Zn (0.63) ve Pb-Zn (0.65) elementleri arasinda
yiksek pozitif bir korelasyon oldugu gozlenirken, Ag-As (-0.008), As-Ni (-0.32), Ba-Ni (-0.12), Cu-Ni
(-0.05), Pb-Ni (-0.19), Ni-Zn (-0.08) elementleri arasinda negatif korelasyon oldugu gézlenmistir (Tablo
2). Elementlerin pozitif korelasyon gdstermesi, bu element ciftlerinin birlikte hareket ettigini
gostermektedir. Cd ile Zn arasinda ¢ok yiiksek pozitif bir korelasyon (0.96) goriilmesi, Cd ve Zn
elementlerinin ¢aligma alanindaki hidrotermal cevherlesmelere yakin olabilecegini isaret etmektedir.
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Cizelge 2. Elementler arasinda hesaplanan korelasyon katsayilar1 (**0.01 ve *0.05)

Ag As Ba Cd Cu Ni Pb Zn
Ag 1
As -0.008 1
Ba 0.4 0.118 1
Cd T03(**) 0.186 0.313 1 .618(**)
Cu 0.332 0.353 0.075 .618(**) 1
Ni 0.246 -0.322 -0.121 0.043 -0.049 1
Pb 0.258 0.218  .502(*) .625(**) 0.161 -0.188 1
Zn 651(*%) 0.244 0.267 .959(**) .634(**) -0.081 .649(**) 1

Korelasyon matrisinde, bir degisken ile digeri arasindaki iliski belirlenir. Faktor analizlerinde
amagc, elementler arasindaki korelasyon iliskilerini faktdr gruplar ile agiklamaktir. Korelasyon matris
degerlerine bakilarak faktor sayilari belirlenebilir. Her degisken, yiiksek korelasyona sahip diger bir
degisken ile ayn1 grupta toplanarak faktor elde edilir [26].

Dere sedimentlerinde incelenen elementlerin faktor analizi SPSS 15.0 programi kullanilmaistir.
Bu faktor analizinde faktor sayisi 3 olarak belirlenmistir. Faktor yiiklerini daha iyi agiklamak igin
varimax dondiirme yapilmistir. Toplam varyans degerleri incelendiginde, baslangi¢ 6zdegerlerinde tiim
degiskenler 1. siitunda, degiskenlerin 6zdegerleri 2. siitunda, 6zdegerlerin agikladig1 varyans ylizdeleri
3. Siitunda ve birikimli varyans degerleri 4. siitunda yer almaktadir (Tablo 3).

Dondiirme isleminden sonra, kare yiikler toplamindaki 6zdegerler, varyans % ve birikimli
varyans degerlerinde degisme gozlenmistir. Ancak toplam birikimli varyanslarda bir degisme
olmamistir. Tablo 3’te toplam varyansin % 37.0’sini 1. Faktor; % 22.4’1inii 2. faktor ve % 18.7’sini 3.
faktor aciklamaktadir. Bu tabloda toplam varyans degerlerinin 1. faktorden 3. faktore azaldigi
goriilmektedir. Birden biiyiik (>1) ilk 3 faktoriin toplam birikim varyansi % 78.1°dir. Bu ii¢ faktdriin
disinda kalan birikimli varyans ise % 21.9’dur (Tablo 3).

Cizelge 3. Inceleme alan1 sediment rneklerinde toplam varyans

Aciklanan Toplam Varyans

Dondiirme Yapildiktan Sonra Karesel Yiiklerin

Degiskenler Baslangic Ozdegerleri Toplami
. Kiimiilatif Ozdegerler Varyans (%)  Birikimli Varyans
Ozdegerler Varyans % % (%)
Ag 3.6 45.0 45.0 3.0 37.0 37.0
As 1.5 18.4 63.5 1.8 224 59.4
Ba 1.2 14.6 78.1 1.5 18.7 78.1
Cd 0.7 8.5 86.6
Cu 0.6 7.0 93.5
Ni 0.4 5.1 98.6
Pb 0.1 1.0 99.6
Zn 0.03 0.4 100
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Varimax dondiirme analiz sonuglar1 Tablo 4’te goriildiigii gibi, Ag, Cd, Cu ve Zn elementleri 1.
Faktorii olugturmustur. Cu magmatik kayaglarda ¢ok fazla bulunabilir [27]. Bazaltik kayaclarin ilk
kristallesme evrelerinde silikatli minerallerin yapisina girebilir. Cu, kalkofil 6zellige sahip oldugundan
stilfiirli mineralleri olusturabilir [28]. Ayrica Cu elementi biyotit, piroksen ve amfibol igerisinde iz
element olarak da bulunabilir [29]. Cd’un Zn minerali olan sfalerit (ZnS) i¢inde iz element seklinde
aciklanabilir [30]. Ayrica, bu ii¢ elementin birlikte bu faktorde bulunmasi, eski maden kalintilar1 veya
atiklar1 seklinde antropojenik kaynakli da olabilir.

Ba ve Pb elementleri 2. Faktorde bulunmaktadir (Tablo 4). Pb, arazide gézlemlenen galenlerden
kaynakli olabilir. Baryum elementi dogada fazla bulunan elementlerden biri olup, volkanik kayaglarda
zenginlestigi goriilmektedir [31].

3. Faktorde As elementi yer almaktadir (Tablo 4). As ¢ogu siilfiirlii minerallerin (pirit, sfalerit
gibi) kristal yapisinda bulunabildigi gibi, kendi mineralini de olusturabilir [32]. As, killer ve Fe oksit -
hidroksitler tarafindan tutularak ince taneli dere sedimentlerinde zenginlesmis olabilir [33].

Cizelge 4. Rotasyonlu Faktor Matrisi

Faktor 1 Faktor 2 Faktor 3
Ag 0.68 0.37 -0.40
As 0.30 -0.02 0.75
Ba 0.07 0.85 0.02
Cd 0.89 0.38 -0.02
Cu 0.83 -0.18 0.26
Ni 0.15 -0.22 -0.80
Pb 0.35 0.76 0.22
Zn 0.88 0.36 0.10

Faktor yiikleri grafiginde, incelenen elementler arasindaki iligkiler gorsel olarak verilmistir. Bu
grafikte benzer elementler ti¢ farkli grupta yer almistir (Sekil 3).
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Sekil 3. Faktor Yiikleri Grafigi
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Alansal dagilim haritalart SURFER 9.0 programi kullanilarak ¢izilmistir. Elde edilen
degerlerden dagilim haritasinin olugmasi i¢in, bu degerlerin % 25’1 esik, % 50°si normal, %75 anomali
ve %951 yiiksek anomali degerler olarak alinmstir.

Inceleme alan1 ve yakin gevresindeki sedimentlerin alansal olarak dagilim grafikleri Sekil 4’te
verilmistir. Ag ve Ba elementleri 5 nolu lokasyonda en yiiksek degeri gosteren anomaliye sahiptir. Ag
caligma alanindaki diger tiim 6rnek lokasyonlarinda % 25 olan esik degerlerdedir. Ba elementi, 2 ve 3
nolu lokasyonlarda da ¢ok yiiksek anomali gostermektedir. Bu element 4, 6-8, 16, 17 ve 19 nolu
lokasyonlarda ise normal degerleri yansitmaktadir.
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Sekil 4. Aktarma ve ¢evresindeki sediment 6rneklerinde incelenen elementlerin alansal dagilimi

As elementi 19 nolu lokasyonda c¢ok yiiksek bir anomaliye sahip olup, 5, 18, 21 ve 22 nolu
lokasyonlarda anomali gostermektedir. Ni elementi sadece 15 nolu lokasyonda yiiksek anomaliye
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sahiptir ve ¢alisma alanindaki diger tiim 6rnek lokasyonlarinda esik degerlerdedir. Cd elementi 18 nolu
lokasyonda ¢ok yiiksek anomali degerlerine sahiptir. 3, 4, 17, 19 ve 20 nolu lokasyonlarda normal
anomali degerlerindedir. Diger tiim lokasyonlarda ise, esik degerlerdedir. Cu elementi 17 ve 18 nolu
lokasyonlarda ¢ok yiiksek anomali degerlerine sahiptir ve 1, 4, 13, 19 ve 20 nolu lokasyonlarda normal
anomali degerlerindedir. Zn elementi 18 ve 20 nolu lokasyonlarda ¢ok yiiksek anomali 4, 17 ve 19
nolu lokasyonlarda biraz daha diisiik anomali degerlerine sahiptir. Pb elementi 20 nolu lokasyonda ¢ok
yiliksek anomali gostermektedir. Calisma alaninin yani dagilim grafiginin gliney kisminda anomali
gbzlenirken kuzeye dogru Pb degerlerinde azalma oldugu gozlenmistir (Sekil 4). Ornek lokasyonlarinin
tiimii hidrotermal alterasyona maruz kalan Hallaglar Volkaniklerinden alimmustir. Bu nedenle, dere
sedimentlerine hidrotermal cevherlesmeler yansimis oldugu sdylenebilir.

Dere yataklarinda incelenen elementlerin bazi lokasyonlarda anomali gdstermesi bazi faktorlere
baglidir. Bu faktorler; (1) dere tabanindan veya yamaglarindan asindirilmis direngli agir metaller (2)
derelerin kaynak alanlarindan agindirilan ince taneli ikincil cevher mineraller ve (3) dere sularindan
kaynaklanan Fe-Mn oksit — hidroksitler tarafindan adsorbe edilen metallerdir [33].

Calisma alaninda Ornekler birbirine ¢ok yakin alindigindan incelenen element degerleri
yiiksektir. Bu da alman 6rneklerin cevherlesmeye yakin oldugunu ve daha sonra yiiksek erozyon ile
hemen ortamdan uzaklagtigin1 géstermektedir [34, 35].

5. Sonuc¢

Balikesir iline 21 km uzaklikta bulunan inceleme alani, Hallaglar volkanik kayaglar1 i¢inde yer
almaktadir. Caligma alan1 ve yakin ¢evresindeki dere yataklarinda GPS yardimiyla farkli lokasyonlardan
23 adet sediment 6rnegi alindi ve bu sementlerdeki element degerleri jeokimyasal olarak incelenmistir.
Incelenen elementlerin ortalama degerleri standart sapma degerlerinden yiiksek oldugu gdzlenmistir.

Elementler arasindaki sperman korelasyon katsayilarina bakildiginda, Ag-Cd, Ag-Zn, Cd-Cu,
Cd-Pb, Cu-Cd, Cu-Zn ve Pb-Zn element ciftleri arasinda yliksek, Cd-Zn element ¢ifti arasinda ¢ok
yiiksek pozitif bir korelasyon oldugu gozlenirken, Ag-As, As-Ni, Ba-Ni, Cu-Ni, Pb-Ni, Ni-Zn element
ciftleri arasinda negatif korelasyon oldugu gozlenmistir. Element ¢iftleri arasindaki bu iligki
incelendiginde, bu elementlerin ¢aligma alanindaki hidrotermal ¢ozeltilere yakin olabilecegini isaret
etmektedir.

Yapilan istatistiksel hesaplamalara gore, toplam varyansin % 37.0’sini 1. Faktor; % 22.4’{inii
2. faktor ve % 18.7’sini 3. faktor agiklamaktadir ve toplam varyans degerlerinin 1. faktorden 3. faktore
azaldig1 goriilmektedir. Birden biiyiik (>1) ilk 3 faktoriin toplam birikim varyans1 % 78.1°dir.

Calisma alanindaki dere sedimentlerindeki elementlerin alansal dagilimlarina gore, As, Ba, Cd,
Cu, Pb ve Zn degerlerinin genel olarak orta ve giiney kesimlerde yiiksek anomaliler sundugu
goriilmektedir. Dere sedimentlerinde incelenen elementlerin yiiksek anomaliye sahip olmasi,
hidrotermal ¢gozeltilerden etkilenmis olabilecegini gdstermektedir.
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PAMUK VE VISKON IiPLIKLERDE FARKLI SPLAYS
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OZET

Caligsma ile farkl iplik numaralar1 agisindan pamuk ve viskon hammaddeli iplikler i¢in optimum splays yonteminin
ortaya konulmasi amaglanmistir. Bu kapsamda Ne 20, Ne 30, Ne 40, Ne 50 ve Ne 60 olarak %100 pamuk ve %100
viskon ring iplikler dogrudan igletme igi {iretimden alinarak temin edilmis ve s6z konusu ipliklere Savio Polar
IDLS bobin makinesinde havali splays, 1slak splays ve twin (mekanik) splays mekanizmalar ile splays iglemi
uygulanmigtir. Caligma sonuglari genel olarak kopma mukavemeti ve uzamasi agisindan %100 pamuk iplikler igin
en uygun splays yonteminin twin splays, en uygunsuz splays yonteminin havali splays oldugunu, islak splays
yOnteminin ise havali splays yontemine yakin ama daha iyi oldugunu; %100 viskon ipliklerde ise pamuk ipliklerin
aksine en olumlu splays yonteminin havali splays en olumsuz splays yonteminin ise twin splays oldugunu, 1slak
splays yonteminin havali splays yontemine daha yakin olup ince ipliklerde daha iyi sonuclar verdigini ortaya
koymustur.

Anahtar Kelimeler: Havali splays, 1slak splays, twin (mekanik) splays, pamuk, viskon, iplik numarasi

INVESTIGATION OF THE EFFECTS OF DIFFERENT SPLICE
METHODS ON YARN TENSILE PROPERTIES IN COTTON AND
VISCOSE YARNS

ABSTRACT

It is aimed to reveal the optimum splicing method for cotton yarns and viscose yarns in terms of different yarn
counts with this study. In this context, 100% cotton and 100% viscose ring yarns as Ne 20, Ne 30, Ne 40, Ne 50
and Ne 60 were taken directly from the yarn factory, and splicing process was applied for these yarns with air
splicer, wet splicer and twin splicer in Savio Polar IDLS winding machine. Study results generally show that the
most positive splicing method for 100% cotton yarns is twin splicing, the most negative splicing method is air
splicing, and the wet splicing method is close to but better than the air splicing method in terms of retained breaking
strength and elongation; Contrary to cotton yarns, the most positive splicing method is air splicing and the most
unfavorable splicing method is twin splicing in 100% viscose yarns, the wet splice method is closer to the air splice
method and gives better results in fine yarns.

Keywords: Air splice, wet splice, twin (mechanical) splice, cotton, viscose, yarn count

1. Giris

Bobin makinelerinde sarim sirasinda egrilmis iplikte mukavemeti diisiik bolgelerden dolay1
bir¢cok kopus meydana gelir. Bu kopuslar disinda iplik temizleyiciler, istenilen iplik kalitesine ulagsmak
icin belirlenen ¢ap ve uzunluk diginda kalan ince-kalin yer vb. iplik hatalarinin kesilerek
uzaklastirilmasini saglar. Her iki durumda da kopan veya kesilen iplik u¢larinin birlestirilmesi ve bobin
sarimina devam edilmesi gereklidir. Bu amagla iki iplik ucunun gesitli tekniklerle birbirine eklenerek
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birlestirilmesine ‘ug birlestirme’, ‘diigiimleme’ ya da ‘splays’ denir.

Splays ile iki iplik ucunu olusturan lifler birbirine karigtirilarak birlestirildigi i¢in birlesme yeri
ana iplige gore goriinlis ve mekanik 6zellikler agisindan 6nemli 6lgiide farkli olmaz. Splays kalitesi, son
iplik performansi agisindan c¢ok oOnemlidir, ancak birlestirmenin etkinligi Oncelikle ¢ekme
mukavemetine ve fiziksel goriiniime baglidir. Iplik uglarinim iyi eklenmedigi durumlarda iplik kopma
mukavemeti ve uzama azalir ve kumas iiretimi sirasinda makinelerde ¢ok fazla kopus ve dolayisiyla
verim diisiik olur. Ek yerlerinde olusan tiiyler, siirtinme sonucu iplik mukavemetinin azalmasina ve
daha sonra kumays iiretiminde ipligin kopmasina ve verim kaybina, ayrica kumasta tiiyliiliigiin artmasina,
gOriiniimiin bozulmasina ve boncuklanma vb. sebeplere neden olur. Bobinleme sonrasi dokuma hazirlik
ve dokuma islemlerinde iplik kopuslarinin 6nlenebilmesi i¢in iplik ug birlesme bolgesindeki ortalama
mukavemet azalmasinin %20’den daha diisiik olmasi istenir [1-3].

Farkl1 iplik hammaddelerinin kullanilmasi ve splays isleminin optimize edilmesi agisindan bir¢ok
splays yontemi gelistirilmistir. Bu yontemler pnomatik yontem (havali-islak splays), mekanik yontem,
pno-mekanik yontem ve elektrostatik yontem olarak siralanmistir [4]. Bunlar arasinda pnomatik ekleme
(Air Splice) en popiiler olanidir ve standart splays olarak tanimlanir. Pnomatik ekleme prensibinde
(Sekil 1) splays, farkli yogunluktaki iki farkli hava iiflemesiyle 6zel bir bolmede (Sekil 2) iki asamada
gerceklesir [5]. Ik hava iiflemesi iplik biiliimiinii acar ve serbest uglarma neden olur. Ardindan
biikiilmemis lifler birbirine karistirilir ve baska bir hava iiflemesi ile ana iplikle ayn1 yonde biikiiliir ve
birlestirme gerceklestirilmis olur.

Standart splays; termo splays, enjeksiyonlu splays ve elasto splaysa doniistiiriilebilir. Standart
splays uygulama alanlar1 pamuk, pamuk karigimlari, polyester, viskon ve pamuklu kompakt ipliklerdir
[1]. Standart splays uygulamasinda nemli hava kullanimi ile (Moist Air Splice) splays performansi
artirllmaktadir. Moist Air splays yontemi katli pamuk iplikleri, yliksek biikiimlii yiin iplikler ve keten
iplikler hari¢, hemen hemen her tiir kisa ve uzun lif iplikleri i¢in uygun olup yiiksek kaliteli pamuk,
elastanli pamuk, polyester, Tencel, Lyocell ve karisimi ipliklerde splays performansini artirmaktadir.
Bu splays havasi teknolojisi, 1s1 kullanimiyla (Heat Splicer) zorlu iplik yapilari olan kalin yiin iplikler,
yiiksek biikiimlii iplikler, %100 yiin ve karisimlarinda kullanilir [8].

Sekil 1. Havali splays (Air splicer) mekanizmasi [6] Sekil 2. Splays bolmesi [7]

Sekil 3. Islak splays (Wet Splicer) [6] Sekil 4. Mekanik splays (Twin Splicer) [6]
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Islak splays (Sekil 3) yonteminde ekleme islemi, su enjekte edilirken vakum altinda
gergeklestirilir. Tiim splays parcalari, disariya tehlikeli su sigramasini 6nlemek i¢in su gegirmez bir
muhafaza i¢ine yerlestirilmistir. Mekanizmanin uygulama aralig1 kalin %100 pamuklu diiz ve fantezi
iplikler, %100 pamuklu kompakt iplikler, merserize/single iplikler, elastomerik iplikler, iki katli iplikler,
open-end iplikler, sentetik iplikler, keten ipliklerdir [8].

Mekanik splays (Twin Splicer) (Sekil 4), pnomatik splaysa gore daha az kullanilan bir yontemdir
Bu islemde, kopan iplik uglarinin 6nce biikiimii agilir, daha sonra iki iplik ucunun gekilmesiyle sakallar
olusturulur ve bu sakallar {ist iiste bindirilir ve tekrar birlikte biikiiliir. Bu yontemin avantajlari, hava
veya herhangi bir yabanci maddenin olmamasi ve sonuglarin tekrarlanabilir olmasidir. %100 pamuk,
%100 pamuk fantezi iplikler, kompakt iplikler, elastomerik iplikler, pamuk ve karigimlarinda olduk¢a
iyi splays performansi vermektedir [8].

Splaysl1 ipligin performansi; hammadde, iplik numarasi, iplik biikiimii vb. iplik parametreleri,
splays parametreleri ve splays yontemleri bazinda birgok arastirmaci tarafindan aragtirilmastir.

Splays parametreleri agisindan Cheng vd. [9-10] iplik u¢ agma hava miktari, ug birlestirme siiresi,
iplik u¢ uzunluklari iplik biikiim katsayisi ve lineer yogunlugunun splaysli ipliklerin genel 6zellikleri ile
mukavemeti {izerinde en 6nemli etkiye sahip parametreler oldugunu; Webb vd. [11] splays basincinin
splaysl iplik iizerinde en 6nemli faktor oldugunu; Lewandowski ve Drobina [12], splays uygulanan
ipliklerin ¢ekme 6zellikleri {izerinde en etkili faktoriin agilis havasi basinct oldugunu, agilma ve splays
zamaninin ise ¢aplarini etkiledigini; Celik ve Kaynak [13] en uygun splays goriiniimii i¢in optimum
hava basinciin ipligin lif icerigine gore degistigini, iplikte polyester orami arttikca 4 -5 bar hava
basincinda diigiim ¢apinin ana ipligin ¢apina gore arttigini, 6 bar hava basincinda ise diiglim ¢apinin
azaldigini; Jaouachi vd. [14] Spandex© filamentin iplikteki agisal konumunun 1slak splays yonteminde
ek yeri uzunlugu ve siiresinden etkilendigini; Wu vd. [15], uygun ek yeri uzunlugunun, hava akimi
karsisinda yeteri kadar serbest lif ucu olugsmasi ve birlesme kolaylhigi i¢in faydali oldugunu
belirtmislerdir.

Iplik egirme tipi agisindan Dash vd [16], kompakt ipliklerde uglar1 birlestirilen bdlgenin
mukavemetinin ring ipliklerden yliksek oldugunu, ancak kompakt ipliklerde iplik u¢ birlesme bolgesi
mukavemetinin normal iplik mukavemetine oraninin konvansiyonel ring ipliklerinkinden daha diisiik
oldugunu ifade etmislerdir.

Lif cinsi acisindan Das vd [17] lifler arasindaki siirtiinme ne kadar yiiksekse, eklenmis ipligin
kompakthiginin da o kadar yiiksek oldugunu; Navaz vd. [18]) sentetik elyaf orani arttikca dogal ve
sentetik karisimli ipliklerde birlesme bolgesinin mukavemet dzelliklerinin arttigini; Giirkan Unal vd.
[19-20] lif gapinin, kisa lif igeriginin, iplik numarasinin, iplik biikiimii ve a¢ilis hava basincinin tutulan
splays capini etkiledigini belirlemiglerdir.

Splays yontemleri agisindan Kaushik vd. [21] 1slak splaysin kuru splaysa gore daha iyi sonug
verdigini, splays kalitesinin sirasiyla polyester, polyester zengin karisimlar, viskon, pamuk ve yiin
ipliklere dogru azaldigini, kalin ring ipliklerinin en iyi splays 6zelligi kazandirdigini; Taskin vd. [22] ve
Hassen vd. [23] splays mekanizmasi tipinin, splays 6zelliklerini degistirdigini ve 1slak splaysin ek yerini
mukavemet ve goriinim Ozelliklerini iyilestirdigini; Taskin vd. [24] havali veya su piiskiirtmeli
elastosplays kullanildiginda her iki sistem i¢in de mukavemet azalmasimin %20°nin altinda oldugunu,
iplik ug birlestirme havasi arttiginda mukavemetin ve uzamanin azaldigini, Uyanik [25] twin (mekanik)
splays mekanizmasinin pamuk lifi ve akrilik lif i¢in en uygun oldugunu, rejenere seliilozik lifler i¢in ise
en az uygun oldugunu, polyester elyaf i¢in tiim splays mekanizamalarinin kullanilabilecegini, en iyi
splaysin ince iplikler i¢in havali splays, kalin iplikler i¢in ise twin splays oldugunu; Uyanik [26] splays
yontemlerinin 6rme kumaslarin patlama mukavemetine etkisi olmadigini ortaya koymuslardir.

Bu ¢aligmada, farkli iplik numaralar1 agisindan pamuk ve viskon hammaddeli iplikler igin
optimum splays yonteminin ortaya konulmasi amaglanmistir. Diger ¢alismalardan farkli olarak Ne 50
ve Ne 60 ince numarali ipliklerin splays yontemleri agisindan incelenmesinin literatiire 6nemli katki
saglamasi beklenmektedir.
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2. Materyal ve Yontem

Calisma kapsaminda Ne 20, Ne 30, Ne 40, Ne 50 ve Ne 60 olarak pamuk ve viskon hammaddeli
ring iplikler (Ne 60 pamuk ipligi {iretim sorunu nedeniyle temin edilememistir) dogrudan isletme ici
iiretimden alinarak temin edilmis ve s6z konusu ipliklere Savio Polar IDLS bobin makinesinde havali
splays, 1slak splays ve twin (mekanik) splays mekanizmalari ile splays islemi uygulanmistir. Her bir
mekanizmada kullanilan splays parametreleri Cizelge 1-2’de verilmistir.

Her bir ipligin splays oncesi ve sonrasi kopma mukavemeti ve uzama degerleri Mesdan-Lab
Splice Scanner-3 test cihazinda TS 245 EN ISO 2062 standardina gére 250 mm 6l¢tim uzunlugu ve 100
m/dk test hiz1 ile on kez tekrarli olarak Sl¢lilmiistiir. Splays dncesi ve sonrasi test cihazinda yapilan
Olciim sonuglari Cizelge 3'te gosterilmistir.

Cizelge 1. Havali ve 1slak splays parametreleri

Ug hazirlama hava tiflemesi-T1 2
Ustiiste binen u¢ uzunluk ayari-L 10
Splays hava iiflemesi-T2 6
Hava basinci-P 6 bar

T1- Hava iifleme siiresi. 1-12 arasi ayarlanir (1 en kisa hava tiflemesidir)
L- Ustiiste binen ug uzunlugu. 1-12 arasi ayarlanir. | minimum ug uzunlugunu (kisa splays); 12 maksimum ug¢ uzunlugunu (uzun splays) verir.
T2- Hava tiflemesi, 1-12 arasi ayarlanir (1 en kisa hava tiflemesidir)

Cizelge 2. Twin splays parametreleri

Biikiim agma (Untwisting-U) 5
Tekrar biikkme (Re-twisting-R) 3
Cekim (Drafting-D) 2

U-R- 1 — 7 aras1 ayarlanir (1 en diisiik mukavemet degeridir)
D- Splays ¢apini ayarlar. 0 — 4 arasi ayarlanir (Cap 0°dan 4’e dogru azalir)

Cizelge 3. Splays oncesi ve sonrasi ipliklerde mukavemet ve uzama degerleri

Iplik | Havah | Islak | Twin | iplik" | Havah
Ne20 | 1695 | 1128 | 1190 | 1521 | 494 | 290 | 2.90 | 3,65
%100 Ne30 | 15,03 | 1212 | 12,54 | 1496 | 331 | 233 | 241 | 2,79
pamuk Ned0 | 1586 | 11.88 | 13.69 | 13.67 | 2.80 | 214 | 2.64 | 245

Ne 50 17,03 | 12,58 | 14,09 | 15,71 | 2,79 1,76 2,29 | 244

Ne 20 17,27 | 15,82 | 13,60 | 14,93 | 13,05 | 11,88 | 10,52 | 10,29
Ne 30 16,05 | 1547 | 12,41 | 11,66 | 12,26 | 11,68 8,63 6,87
Ne 40 16,37 | 16,00 | 15,12 | 12,35 | 11,46 | 10,55 | 10,23 | 6,90
Ne 50 16,49 | 14,62 | 14,74 | 10,87 | 11,11 | 10,16 9,45 | 4,77
Ne 60 14,44 | 13,39 | 13,93 | 11,15 | 9,01 7,08 7,90 | 4,56

%100
viskon

*
Splays 6ncesi
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3. Bulgular ve Tartisma

3.1. Kopma mukavemeti

Ipliklerin splays &ncesi ve sonrasi kopma mukavemeti degerleri Sekil 5’te verilen grafikte
gosterilmistir. Grafige gore %100 pamuk iplikleri i¢in splays dncesi mukavemete en yakin degerleri
twin splays mekanizmasi verirken en uzak degerleri havali splays mekanizmasinin verdigi, 1slak splays
degerlerinin havali splays degerlerine yakin ancak biraz daha yiiksek oldugu goézlenmektedir. Kumasg
iretim asamalarinda iplik kopuslarmin Onlenebilmesi i¢in iplik splays bolgesindeki ortalama
mukavemet azalmasinin %20’den daha diisiik olmasi sartin1 tiim iplik numaralarinda sadece twin splays
degerlerinin sagladigi, havali splays igin bu sartin sadece Ne 30 pamuk ipligi i¢in, 1slak splays i¢in ise
Ne 20 pamuk ipligi harig¢ tiim iplik numaralarinda saglandig1 tespit edilmistir. Hatta Ne 30 pamuk ipligi
i¢in twin splays yonteminde kullanilan ipligin mukavemet degeri neredeyse splays oncesi mukavemet
degeri ile hemen hemen aynidir. En olumsuz splays yontemi Ne 20 pamuk ipliginde splays déncesine
gore %33,46 mukavemet azalmasi gosteren havali splays yontemi olmustur.

Ayn1 grafikten %100 viskon iplikler icin splays Oncesi ve sonras1 mukavemet degerleri
incelendiginde, %100 pamuk iplikleri i¢in elde edilen sonuglarin goriilmedigi ve Ne 20 viskon iplik
harig¢ splays dncesi mukavemete en uzak degerleri twin splays yonteminin gosterdigi belirlenmistir. Ne
20, Ne 30 ve Ne 40 viskon ipliklerde splays oncesine gore en yakin degerleri havali splays degerleri
verirken Ne 50 ve Ne 60 viskon ipliklerde ise havali splays degerlerine ¢ok yakin olan 1slak splays
degerleri vermistir. Splays Oncesine gore %20’den daha diisiik mukavemet degerleri havali splays i¢in
gdzlenmezken 1slak splays icin Ne 20 ve Ne 30 viskon ipliklerde, twin splays i¢in ise Ne 20 viskon iplik
hari¢ tiim ipliklerde gozlenmistir. Splays dncesine gére %34,09 diistisle Ne 50 viskon iplik twin splays
ile en olumsuz mukavemet degerini gostermistir.

20
18

Ia | I ]
' ]
0

Ne 20 Ne 30 Ne 40 Ne 50 Ne 20 Ne 30 Ne 40 Ne 50 Ne 60

1

()]

1

H

1

Kopma mukavemeti, cN/tex
=
N & ()] [o0] o N

%100 pamuk %100 viskon

miplik mHavalh mlislak = Twin

Sekil 5. ipliklerin splays &ncesi ve sonras1 kopma mukavemeti degerleri

3.2. Kopma uzamasti

Sekil 6’da verilen splays oncesi ve sonrasi1 kopma uzamasi degerlerinin gosterildigi grafige gore
%100 pamuk ipliklerde Ne 40 pamuk ipligi hari¢ tlim iplik numaralarinda splays Oncesi uzama
oranlarina en yakin degerleri twin splays yonteminin verdigi gériilmektedir. Ne 40 pamuk ipliginde en
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iyl kopma uzamasi degerini 1slak splays yontemi vermistir. Ne 20 pamuk ipliginde havali ve 1slak splays
degerleri ayni iken Ne 30 ve Ne 50 pamuk ipliklerinde havali splays degerleri 1slak splays degerlerinden
daha diisiik olup splays dncesine gore en olumsuz sonucu gostermistir. Splays bolgesindeki kopma
uzama degeri azalmas1 %20°den daha diisiik olarak havali splays icin tiim iplik numaralarinda, 1slak
splays i¢in Ne 20 ve Ne 30 pamuk ipliklerinde, twin splays icin ise sadece Ne 20 pamuk ipliginde
gozlenmektedir. En fazla azalma %41,28 orani ile Ne 20 pamuk ipliginde hem havali splays hem de
1slak splays i¢in tespit edilmistir.

%100 viskon ipliklerin splays dncesi ve sonras1 kopma uzamasi degerleri Sekil 6’da verilen
grafikten incelendiginde tiim iplik numaralarinda oldukga belirgin sekilde twin splays degerlerinin
splays dncesi degerlere gore ¢ok diisiik oldugu ve azalma oranlariin Ne 20 viskon iplikten Ne 60 viskon
iplige dogru sirasiyla %21,12, %44, %39,77, %57,12 ve %49,4 oldugu goriilmektedir. Ne 60 viskon
iplik harig¢ tiim diger ipliklerde havali splays degerleri, splays Oncesi degerlere en yakin sonucu vermis
olup azalma oranlar1 %4,73 ve 8,92 degerleri arasinda yani kabul edilen sinirlar i¢inde tespit edilmistir.
Islak splays yontemi ise Ne 60 viskon ipliginde splays dncesine gore en yakin sonucu verirken Ne 20
ve Ne 30 viskon ipliklerde havali splaysa gore belirgin diisiik, Ne 40 ve Ne 50 viskon ipliklerde ise
havali splays degerlerine daha yakin ama diisiik degerler vermis olup 1slak splays i¢in en fazla azalma
orani %29,65 ile Ne 30 viskon iplikte gézlenmistir.

[I{ i
ikl
T Illlllui

Ne 20 Ne 30 Ne 40 Ne 50 Ne 20 Ne 30 Ne 40 Ne 50 Ne 60

Kopma uzamasi, %
PR R RPREPRRE
OCORFRPNWMULO

O R, NWRULIO YO

%100 pamuk %100 viskon

miplik mHavall mislak ®Twin

Sekil 6. Ipliklerin splays dncesi ve sonras1 kopma uzamasi degerleri

Tiim pamuk ve viskon iplikler birlikte incelendiginde beklendigi sekilde, pamuk ipliklerin
splays oncesi kopma uzamas1 degerlerinin viskon ipliklerin kopma uzamasi degerlerine gore oldukca
diisiik oldugu ve dolayisiyla splays sonrasi kopma uzamasi degerlerinin de buna paralel olarak pamuk
ipliklerinde daha diisiik oldugu grafikten agikca izlenmektedir. Ancak bu durum ipliklerin kopma
mukavemeti degerleri agisindan gdzlenen bir durum olmayip splays oncesi mukavemet degerleri tiim
iplik numaralarinda pamuk ve viskon ipliklerde birbirine yakindir ve splays sonrasi degerler splays
yontemleri agisindan farklilik gdsterdigi i¢in aynmi iplik numarali fakat farkli hammaddeli ipliklerde
farkli splays degerleri elde edilmistir.
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4. Sonuclar

Bu calismada, farkli iplik numaralarina sahip pamuk ve viskon ipliklerin havali splays, 1slak
splays ve twin (mekanik) splays yontemleri agisindan splays Oncesine gore kopma mukavemeti ve
kopma uzamas1 degerlerinde meydana gelen degisiklikler incelenmis ve s6z konusu iplikler igin
optimum splays yontemi ortaya konulmaya ¢alisiimistir.

Calisma sonuglar1 genel olarak kopma mukavemeti ve uzamasi agisindan %100 pamuk iplikler
icin en uygun splays yonteminin twin splays, en uygunsuz splays yonteminin havali splays oldugunu,
1slak splays yonteminin ise havali splays yontemine yakin ama daha iyi oldugunu ancak Ne 40 ve Ne
50 gibi ince ipliklerde havali splays ile 1slak splays yontemleri arasindaki farkin agilarak ince ipliklerde
1slak splays yonteminin ¢ok daha uygun oldugunu ortaya koymustur.

%100 viskon ipliklerde ise pamuk ipliklerin aksine en uygun splays yontemi havali splays iken
en uygunsuz splays yontemi twin splays yontemidir. Kopma mukavemeti agisindan havali splays
yontemine yakin sonuglar gosteren 1slak splays yontemi Ne 20-40 arasi ipliklerde daha uygunsuz iken
Ne 50 ve Ne 60 ipliklerde daha iyi sonuglar vermistir. Kopma uzamasi agisindan ise havali splays ve
1slak splays yontemleri arasinda mukavemet sonuglarinda elde edilen yakin degerler goriilmeyip aradaki
fark kalin ipliklerden ince ipliklere dogru azalmistir.
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ABSTRACT

Denim fabrics are very preferred in recent years because it is easy to use and does not require ironing. But there
is a limited study about the thermal and sensorial comfort of denim fabrics in the literature. The aim of this paper
is to investigate the effect of the denim fabric composition on thermal comfort and sensorial comfort properties of
denim fabrics. For this purpose, air permeability, thermal comfort, and water vapour permeability properties of
3/1 Z twill woven denim fabrics have been examined. Also, the Kawabata KES-FB4 system was used for the
evaluation of the surface properties of fabric samples. It was found that the fabric with high surface roughness (F2)
had a low thermal absorptivity value, and the fabric with low surface roughness (F3) had a high thermal
absorptivity value. On the other hand, the lowest friction coefficient (MIU) was found in the lowest thickness value
F4 coded fabric.

Keywords: Denim, Thermal comfort, Water vapour permeability, Kawabata KESFB, Surface roughness

3/1 Z DIMI DOKUMA DENIM KUMASLARIN ISIL KONFOR VE
YUZEY OZELLIKLERININ INCELENMESI

OZET

Denim kumaslar, jean olarak tanimlanan pantolonlarin iiretiminde kullanilan, ¢ok tercih edilen bir iirlindiir. Ciinkii
ozellikle giinliik giyimde iitliye gerek duyulmadan kolay kullanim &zellikleri saglar. Ancak literatiirde denim
kumaglarin termal ve dokunsal konforu ile ilgili sinirl sayida ¢alisma bulunmaktadir. Bu makalenin amaci, denim
kumaglarin termal konfor ve dokunsal konfor 6zelliklerine denim kumag kompozisyonunun etkisini arastirmaktir.
Bu amagla 3/1 Z dimi dokumali denim kumaslarin hava gegirgenligi, 1s1l konfor ve su buhari gegirgenlik 6zellikleri
incelenmistir. Ayrica test edilen kumag numunelerinin yiizey 6zelliklerinin degerlendirilmesi igin Kawabata KES-
FB4 sistemi kullanilmistir. Yiizey piiriizliiliigii yiiksek olan kumasin (F2) diisiik 1s1l sogurma degerine sahip
oldugu, diisiik yiizey piiriizliliigiine (F3) sahip olan kumasin ise yiiksek 1sil sogurma degerine sahip oldugu
bulunmustur. En diisiik siirtinme katsayis1 (MIU) ise en diisiik kalinlik degerine sahip olan F4 kodlu kumasta
bulunmustur.

Anahtar Kelimeler: Denim, Termal konfor, Su buhari gegirgenligi, Kawabata KESFB, Yiizey piiriizliligii

1. Introduction

Denim fabrics are preferred because they are easy to use, need no ironing, and provide wear
comfort to users. Denim is produced with 3/1 and 2/1 twill structures with indigo dyed warp and white
weft yarns, having weights of 14.5 ounces per square yard [1]. Denim fabrics are used especially in the
manufacture of overalls and trousers which has good durability and comfort properties for this reason
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denim jeans are extremely popular for leisurewear. Denim fabrics are the name given to the fabrics that
are mostly dyed with warp indigo dye and weft are produced in white colour. For this reason, one side
of the material is seen with the blue warp threads and the other side is seen with white weft threads.
Denim jeans are produced using the yarn called elastic core-spun yarn in order to provide comfort and
freedom of movement to the wearer. This yarn consists of a hard, textured or elastic filament in the
center covered with cut natural, man-made or synthetic fibers [2]. Nowadays, a double core yarn, defined
as dual-core, has been developed in order to improve the recovery properties of elastic yarns. These
yarns are especially preferred in denim fabric production, as they cause improvement in elasticity and
growth properties. These yarns consist of a combination of a softcore such as elastane at the center with
a hardcore such as polyester or PBT [3].

Denim fabrics are subjected to processes such as dyeing, finishing, and coating to satisfy the
expectancy of people from fashion, but this duration influences some comfort characteristics like
permeability. Thermophysiological comfort is correlated with the heat and moisture transmission
characteristics of the clothes, as well as the interaction of the fabric with the skin. The most preferred
method of producing denim clothes with better thermal comfort is the production of denim with different
fiber compositions [4]. Although denim fabrics are popular, there are not many studies on comfort
properties and especially tactile comfort properties.

Tactile comfort is the feeling that results from the touch of the fabric on the skin and is expressed
in terms such as softness, smoothness, wetness, and itching. These descriptors may relate to the quantity
of surface fibers and contact points, evaluate fabric, mechanical and surface properties, containing wet
adhesion to the surface. Tactile comfort is influenced by fiber properties, yarn construction, fabric
construction, and finishing applied to the fabric. The KES-FB measurement system developed by
Kawabata and Niwan was used to estimate human tactile sensations by using mechanical measurements
of fabrics [5]. Previous studies have revealed that surface properties are parameters that contribute
strongly to the perceived touch of the fabric compared to other properties [6]. Kawabata KES-FB4
system was used for the measurements of geometrical surface roughness (SMD) and coefficient of
friction (MIU) values of fabrics. SMD was identified as the average deviation of surface roughness of
the fabric which unit is micrometer (um). MIU represents the smoothness, roughness, and crispness of
the fabric as well as the friction coefficient of the fabric surface. SMD value measures the geometric
roughness value of the fabric and the lower the SMD value, the smoother the fabric surface [7].

In a study investigating the properties affecting the warm-cool feeling in cotton denim fabrics, it
was observed that fabrics produced with a finer yarn count were measured cooler than the others. In
addition, the washing process creates a feeling of coolness, but the washing process has a negative effect
on the thickness, bulk density, and coating factor [8]. The effects of visual and tactile factors on
consumers' purchasing process of denim bottom garments showed that dark denim prices are perceived
as high and consumers evaluate the thermophysiological and tactile comfort properties of denim trousers
by using their fingers. In addition, it has been shown that social, psychological, and sensory pleasures
are also taken into account when determining the comfort characteristics of a denim product [9]. In a
study investigating the thermal comfort of denim fabrics under dynamic humid conditions, a model was
developed for the development of garments with higher thermal resistance under wet conditions. They
explained that denim manufacturers will be able to produce garments that provide great benefits to users
by making use of the findings obtained from this model [10]. The impact of fabric structural properties
on thermal and air permeability features of denim fabrics were investigated in a study. It was concluded
that properties such as fiber type, yarn structure and fabric thickness affect thermal comfort [11].
Jamshaid et al. [12] compared areal density, fabric thickness, air permeability, thermal insulation, and
liquid moisture management features of a group of woven and knitted denim fabrics. The results showed
that moisture management, thermal resistance, and air permeability results of knitted denim fabrics are
higher than woven denim fabrics. The thermal comfort features of cotton and cotton/elastane denim
fabrics were investigated and less thermal conductivity, absorptivity, and resistance results were
observed in elastane composition fabric samples. Adding elastane to denim fabrics increases the thermal
resistance of samples and gives a warm feeling and increases the water vapor resistance of fabric
specimens [13]. Hosen et al. [ 14] investigated the effect of different softeners on the thermal and comfort
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features of stretch denim fabrics. Different types of enzymes and softeners were applied to %98 cotton
and %?2 elastane including denim fabric. The results demonstrated that the water vapor permeability
values are higher when non-ionic softeners are used than in both enzyme washing and stone enzyme
washing, while the thermal conductivity is lower when non-ionic and anionic softeners are used.

Giinesoglu [15] investigated the effects of hydrophilic polyurethane coating on denim fabric’s
physical and comfort properties. It was concluded that the coating process affects the abrasion resistance,
tensile strength, air permeability, water vapor permeability, and contact angle values of denim fabrics.
The performance and comfort characteristics of laminated and raised denim woven fabrics were
researched and some tests were applied to fabric samples such as; fabric thickness, air permeability, and
water vapor permeability. It was concluded that the raising operation increases the air permeability
properties of the fabric sample. It was declared that because of sealing operation the air permeability
results of laminated fabrics measured zero [16]. In another study, the tactile comfort of denim fabrics
from the perspective of mechanical properties and sensory properties was investigated. Softness,
roughness, and tactile comfort properties were assessed by experts and consumers using subjective
evaluation scales. The results emphasized that low-tensile mechanical properties were highly correlated
with perceived tactile comfort and stone washing was the most efficient way of developing tactile
comfort compared to enzyme washing [17]. Tactile comfort properties of different types of denim
fabrics were measured with the FTT (Fabric Touch Tester) test device and sensory evaluations with a
questionnaire. Cotton was used on the front side of the fabric and composition fibers were used with
contact to the skin side. The result showed that the fibre type, weaving type and weft yarn count affect
the tactile comfort properties of denim fabrics [18].

There are some studies about the physical features of denim fabrics in the literature but there is
limited work on the thermal and tactile comfort features of denim fabrics with different compositions.
This paper deals with air permeability, thermal comfort, water vapour permeability, and surface
properties of 3/1 Z twill weaved denim fabrics. Contribution to previous studies, denim fabric’s surface
properties were carried out by using Kawabata FB4 measuring device.

2. Material and Method

Table 1 shows the properties of 3/1 Z twill weaved denim fabric samples. In this study, four
fabrics were used, one without elastane and the other three with elastane. One of the fabrics containing
elastane is dual-core and the other two are core-spun yarns. Core-spun yarns got this name because
elastane is in the centre of the yarn. The yarn specified as dual-core consists of Elastomultiester (EME)
and elastane and it is produced by feeding EME and Elastane together into the centre of the yarn. The
tested fabrics were conditioned under the standard atmospheric conditions which are 20+2°C
temperature and 65+2 % relative humidity for 24h. The thickness values of the fabrics were measured
according to ASTM D1777 using a James Heal R&B cloth thickness tester. Depending on the thickness
values of the fabrics, the volume of 1 m? fabric was calculated in cm®. The fabric density in gr/cm’® was
found by dividing the calculated fabric weight by the volume value. By using the SDL Atlas air
permeability measuring device, the air permeability tests were carried out under 100 Pa pressure in a 20
mm?2 test area according to the ASTMD737-04 (2012) standard. The Alambeta tester is designed for the
measurement of static and dynamic thermal properties of textile structures. The Alambeta tester
generally consists of a measuring head and a base on which the sample is placed. Properties of fabrics
such as thermal conductivity, thermal resistance, and thermal absorbency were measured using the
Alambeta test device [19]. Permetest device is a new device that is used to quickly measure the water
vapour, thermal resistance, and relative water vapour permeability properties of smooth fabric structures
(fabric, non-woven surface, and paper) without damaging the sample [20]. The relative water vapour
permeability results of fabrics were tested with the Permetest test device according to ISO 9920 testing
standard. The measuring head is covered with the semi- permeable foil, while the test sample is placed
on the curved moistened porous surface and exposed to the parallel airflow of adjustable velocity [21].
The coefficient of friction (MIU), mean deviation of MIU (MMD), and surface roughness (SMD) values
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of fabrics were measured with the Kawabata KES-FB4 measurement system. Measurements were made
using the ISO 4287:1997 “Geometric Product Properties- Surface Texture: Profile Method Terms,
Definitions and Surface Texture Parameters” standard. This system allows measuring the friction force
as the fabric passes under the metallic friction head. With the help of this device, hand movements in
the form of slipping from the fabric surface made by experts while evaluating the fabric texture can be
simulated and objective measurement results can be obtained. ANOVA (single factor variance) analyses
were used to determine the statistical significance of the fabric types and to deduce whether the
parameters were significant or not, the p values were examined. If the p-value of a parameter was greater
than 0.05 (p>0.05), the parameter was not investigated further.

Table 1. Fabrics used in the experiments

Fabric Warp Warp Picks  Weigh
Code Yarn Weft Composition Ends t Thickness Density
Count Yarn (cm) (cm)  (gr/m? (mm) (g/cm®)
(Ne) Count )
(Ne)

~ %100 Cotton

7.6/1 6/1 24 19 396 0.69 0.57
F1 Cotton Cotton
%95
Cotton, %3.5
EME, %1.5
Elastane
9.4/1 12/1 32 17 295 0.62 0.47
F2 Cotton DualCore
%97 Cotton %3
Elastane
10/1 13.1/1 34 20 326 0.56 0.58
F3 Cotton Corespun
%98 Cotton, %2
Elastane
F4 10/1 13/1 31 22 311 0.52 0.59

Cotton Corespun
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3.Results and Discussion

3.1.4ir Permeability

The structural properties of the woven fabric and the finishing process exerted on the fabric affect
the air permeability properties. To be detailed, fabric structure, fabric density, yarn twist amount, yarn
count, yarn type especially the fabric porosity and thickness type affect the air permeability of woven
fabrics. The air permeability of textile fabric structures is determined by the airflow rate passing through
a material with the effect of the pressure difference between the two fabric surfaces [22]. Figure 1 shows
the air permeability values of tested fabrics. When we compare the same yarn count of F3 and F4 fabrics,
F3 fabric showed a higher air permeability value because of lower picks number per cm and lower
density value. It supports previous work, when the number of filling yarns per centimeter decreases, the
air permeability of the woven increases [23]. When the fabric that does not contain elastane is compared
with the fabrics containing core-spun and dual-core, the lowest air permeability value was seen in the
fabric without elastane (F1). Additionally, there was no significant relationship between elastane
content and air permeability between fabrics produced from dual-core and core-spun. For this reason, it
can be said that the parameters affecting air permeability are structural parameters rather than
composition in this study. The highest weight F1 coded fabric showed the lowest air permeability value.
This supports previous studies that air permeability decreases as weight increases [24]. The ANOVA
test results supported that fabric type had an important effect on the air permeability of denim fabrics

(Table 2).
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Figure 1. Air permeability values of the fabrics
Table 2. Anova table for air permeability results
Sum of Squares df Mean Square F Sig.
Between Groups 4438.746 3 1479.582 267.133 .000
Within Groups 88.620 16 5.539
Total 4527.366 19
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3.2.Thermal Conductivity

The thermal conductivity of a material depends on its ability to conduct heat. The thermal
conductivity values of fabrics are calculated according to the equation (1):

A= Q/(F.1.AT/c) W.m 'K (1)

Where; Q conducted heat amount, F area of which the heat conducted, t time of heat was conducted,
AT drop of temperature, and ¢ fabric thickness [25]. The thermal conductivity values of tested fabrics
were given in Figure 2.

80

60

40

20

0
F1 F2 F3 F4

Fabric Code

Thermal Conductivityx10-3 (W/m.K)

Figure 2. Thermal conductivity values of the fabrics

The thermal conductivity results of fabrics were close to each other because all fabrics were
produced with cotton warp yarn. The thermal conductivity value of the fabric produced with F2 coded
dual-core yarn was found to be equal to the F1 coded fabric made of 100% cotton. The fabric with the
highest thermal conductivity test result was 97% Cotton, and 3% Elastane added fabric (F3), which also
had the highest air permeability test result. When we compare F3 and F4 cotton and elastane included
fabrics, the higher elastane composition F3 coded fabric showed a higher thermal conductivity value.
The relationship between thermal conductivity and air permeability were given in Figure 3. The
correlation coefficient is 0.90 here which means there is a good relationship between thermal
conductivity and air permeability. As in previous studies, it has been shown that the increase in air
permeability also increases the thermal conductivity value [26]. Because fibrous materials are composed
of entrapped air and fibers. Stagnant air is defined as the amount of air held in the fabric’s internal
structure. Since the thermal conductivity value of stagnant air is less than the fibres, the amount of
stagnant air is one of the important factors affecting the thermal conductivity value of textile structures
(Aair = 0.025) [27]. The ANOVA test results supported that fabric type had an important effect on the
thermal conductivity of denim fabrics (Table 3).
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Table 3. Anova table for thermal conductivity test results

Sum of Squares df Mean Square F Sig.

Between Groups 332.457 3 110.819 5.756 .007
Within Groups 308.020 16 19.251
Total 640.477 19
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Figure 3. Relationship of AP and thermal conductivity of fabrics
3.3. Thermal Absorptivity

Based on the study of Yoneda and Kawabata, the temperature of the external environmental
conditions was ignored and the thermal absorptivity definition was revealed based on the thermal and
non-thermal properties of the fabric [19]. The thermal absorptivity results of samples were given in
Figure 4. Fabrics with a higher thermal absorption value felt cooler on first contact with the skin than
fabrics with a lower thermal absorption value. The most important factor affecting this is the fabric
surface character and thermal absorption can be calculated according to the following:

b=V(.p.c )W.s”. m 2K )

Where: A thermal conductivity, p fabric density, and c the specific heat of fabric [28]. The highest
thermal absorption results were evaluated in the highest thermal conductivity and density values of
cotton and elastane woven fabrics (F3 and F4). This is most likely due to fabrics that contain less
entrapped air having higher thermal absorptivity values. The yarn count of F3 and F4 coded fabrics was
almost the same because elastane composition was higher, F3 coded fabric showed a higher thermal
absorptivity value. Elastomultiester fiber is a multi-component fiber and its chemical structure includes
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40% polyester (3-GT type) and 60% polyester (2-GT type). For this reason, when these two different
polyesters are exposed to heat, they shrink at different degrees and show elasticity. The lowest thermal
absorptivity value was seen in %95 Cotton, %3.5 EME, %1.5 Elastane including dual-core weft yarn
weaved fabric (F2). This means these fabrics feel warmer than the other fabrics according to Alambeta
test results. Although all fabrics were produced with cotton as raw material, the thermal absorptivity
value of this fabric was lower due to the presence of EME fiber, that is, a polyester-containing fiber in
the fabric [29]. The ANOVA test results supported that fabric type had an important effect on the
thermal absorptivity of denim fabrics (Table 4).

300

200

100

0
F1 F2 F3 F4

Fabric Code

Thermal Absorptivity (W.s 2 /m2.K)

Figure 4. Thermal absorptivity values of fabrics

Table 4. Anova table for thermal absorptivity test results

Sum of Squares df Mean Square F Sig.
Between Groups 6288.400 3 2096.133 3.556 .038
Within Groups 9430.400 16 589.400
Total 15718.800 19

3.3.Thermal Resistance

Thermal resistance is the most important feature that determines the heat flow from the body in
different climatic conditions. In cold climate conditions, it is desirable to reduce the heat flow from the
body by using fabrics with high thermal resistance. In a given climatic condition, if the thermal
resistance of the garment is small, the heat energy will gradually decrease with a feeling of coolness
[30]. The thickness and thermal conductivity ratio of the fabric are effective in the measurement of
thermal resistance, and this value is calculated according to the equation below [31]:

R=h/A m2K.W! 3)
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The thermal resistance test results of samples were shown in Figure 5. The thermal resistance value
changes directly proportional to the thickness of the fabric and inversely proportional to the thermal
conductivity value. In addition, the primary determinant of thermal resistance is fabric thickness [32].
The highest thermal resistance values were seen in the highest thickness F1 cotton and F2 Cotton and
dual-core weft yarn weaved fabrics. The highest air permeability, thermal conductivity and thermal
absorptivity value, F3 coded fabric showed the lowest thermal resistance value. This can be explained
with the higher density of this fabric. As a result of the increase in fabric density, the thermal resistance
value of the fabric will decrease. The greater amount of entrapped air in fabrics acts as a barrier to
thermal transmittance. When we compare F3 and F4 fabrics, F4 coded fabric showed a higher thermal
resistance value because of the lower thermal conductivity value. The ANOVA test results supported
that fabric type had an important effect on the thermal resistance value of denim fabrics (Table 5).

0 I I I I
F1 F2 F3 F4

Fabric Code

= = =
IS (o)} 00 o N >

Thermal Resistance x10-3(m2.K/ W)
N

Figure 5. Thermal resistance values of fabrics

Table 5. Anova table for thermal resistance test results

Sum of Squares df Mean Square F Sig.
Between Groups 41.393 3 13.798 9.332 .001
Within Groups 23.656 16 1.479
Total 65.049 19

3.5. Relative Water Vapour Permeability

Water vapour permeability is the capability to transmit vapour from the body to the outer surface.
The relative water vapour permeability (RWVP) has been calculated according to the below equation:

RWVP= 100. Us/U0 4)
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Where: Us the ratio of heat loss from the measuring head with a fabric sample, Uo the ratio
of heat loss from the measuring head without a fabric sample [33]. The water vapour
permeability values of fabrics were given in Fig. 6. The highest relative water vapour
permeability value was seen in the lowest density value F2 coded dual-core weft yarn including
fabric. This may be attributed to lower mass per square meter and thickness which causes the
water vapour to pass easily through the fabric. The same warp yarn count F3 and F4 coded
fabrics showed a close relative water vapour permeability value but F4 coded lower weight and
thickness fabric showed a higher relative water vapour permeability value. Fabric thickness is
one of the important parameters affecting the water vapour permeability value and as the
material thickness increases, the water vapour permeability decreases. The highest thickness
and weight value F1 coded fabric showed the lowest water vapour permeability value. As the
water vapour permeability value of the fabrics increases, sweat evaporates and it becomes easier
to be discharged from the human body to the outside. This means the highest water vapour
permeability fabrics felt more comfortable and sweat in vapour form can be transferred to the
outer surface of the fabric more easily. The ANOVA test results supported that fabric type had an
important effect on the relative water vapour permeability value of denim fabrics (Table 6).
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Figure 6. Relative water vapor permeability values of fabrics

Table 6. Anova table for relative water vapour permeability test results

Sum of Squares df Mean Square F Sig.
Between Groups 137.553 3 45.851 11.482 .003
Within Groups 31.947 8 3.993
Total 169.500 11
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3.6. Surface Properties

Kawabata has formed some terms for determining the tactile comfort of fabrics from mechanical
measurements of fabrics. For the measurement of these mechanical properties, four devices were
produced in cooperation with Kato Ironworks. With the help of these devices tensile, shear, bending,
compression, and surface characteristics of fabrics can be measured. In this study, the fabric surface
properties were emphasized and the surface properties of fabrics were measured with the Kawabata
KES-FB measurement system. KES-FB measures geometrical roughness successfully and the KES-FB4
system is used for SMD (mean deviation of surface roughness) measurements. Also, MIU (coefficient
of friction) and MMD (mean deviation of MIU) parameters were taken from the KES-F4 measurement
system. Fabrics with lower MIU and SMD values often show better surface features [7]. MIU is
associated with the slipperiness sensed when touching the surfaces of objects, and a higher MIU result
indicates lower slipperiness [34]. The highest coefficient of friction value (MIU) was shown in F3 the
highest warp and weft setting value fabric, this means that fabric warp and weft setting value increases,
and MIU value also increases. The lowest coefficient of friction value (MIU) was seen as the lowest
thickness value fabric (F4) which means this fabric is more slippery than others. The ANOVA test
suggested that there wasn’t a significant difference between the coefficient of friction value (MIU) of
fabrics (F = 0.414, p = 0.748 > 0.05).

0.172
0.17

0.168

MIU Values

0.166
0.164

0.162
F1 F2 F3 F4

Fabric Code

Figure 7. MIU values of fabrics

The surface roughness (SMD) values of fabrics were given in Figure 8. The highest surface roughness
value was shown in F2 the lowest weight and density value fabric. Kim et al. (2005) declared that there
was an inverse relationship between geometrical roughness, perceived softness, and warmth of touch.
They find SMD= -0,683. perceived softness and SMD= -0,725. warmth of touch [5]. This means that a
rougher surface provides a cooler and rougher touch. F2 coded fabric was woven with dual-core weft
yarn. The results showed that the surface roughness value of F2 coded fabric was higher than the other
fabrics. In other words, this fabric has a cooler and rougher handle than others. On the contrary, this
fabric was measured with the lowest thermal absorptivity value according to Alambeta test results. The
lowest SMD value was shown in F3 coded the highest thermal absorptivity value fabric. This means
that this fabric has a low geometric roughness value and can be said to feel softer. In this study, the SMD
value of the fabric with a high thermal absorptivity value was found to be low, while the SMD value of
the fabric with a low thermal absorptivity value was found to be high. The screenshot of the Kawabata
test system was given in Figure 9. The ANOVA test results supported that fabric type had an important
effect on the surface roughness value of denim fabrics (Table 7).
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Table 7. Anova table for surface roughness test results

Sum of Squares df Mean Square F Sig.
Between Groups 4.507 1.502 18.546 .001
Within Groups .648 8 .081
Total 5.155 11
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Figure 8. SMD values of fabrics
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Figure 9. Screenshot of Kawabata test system

3. Conclusion

In this study, the air permeability, thermal properties, water vapour permeability, and surface
roughness properties of a group of denim fabrics were investigated. The results showed that the highest
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thermal resistance values were seen in the highest thickness F1 cotton and F2 coded cotton dual-core
composition weft yarn weaved fabrics. % 97 Cotton, %3 Elastane included fabric showed the highest
air permeability, thermal conductivity, and thermal absorptivity values (F3). There is a strong
relationship between thermal conductivity and air permeability (R2 = 0.90). The reason for this is that
the amount of stagnant air in the fabric structure is one of the most important parameters affecting the
thermal conductivity value and the conductivity value decreases as the amount of stagnant air increases.
The highest thermal absorptivity values were seen in the highest density value elastane included fabrics
(F3 and F4). This is most probably due to fabrics that contain less entrapped air having higher thermal
absorptivity values. Also, EME included fabric showed the lowest thermal absorptivity value because
this fiber consists of polyester fibers and the thermal absorptivity value of polyester is lower than that
of cotton. It was found that the fabric with a high surface roughness had a low thermal absorptivity
value, and the fabric with low surface roughness had a high thermal absorptivity value in this study. On
the other hand, the lowest friction coefficient (MIU) was found in the lowest thickness value F4 coded
fabric.
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OZET

Ekonominin ve toplumun hizla gelismesiyle birlikte ¢esitli agir metallerle kirlenmis topraklar ¢evre ve halk
sagligimi tehdit etmektedir. Bu calismada, kuru ve yagish donemlerde Adiyaman’in degisik alti bdlgesinden
alinan toprak orneklerinde agir metal kirliliginin saptanmasi amaglanmistir. Toprak 6rnegi alinan noktalarda agir
metal konsantrasyonunu belirlemek i¢in 2017 yili Agustos (kurak donem) ve Kasim (yagisli dénem) aylarinda,
Adiyaman organize sanayi bolgesi civarindan (1 ve 2 no’lu istasyon) iki adet, atiksu aritma tesisi yakinindaki
bolgeden (3 no’lu istasyon) bir adet, ¢cimento fabrikasi civarinda bulunan tarim alanindan (4 no’lu istasyon) bir
adet, Golbagt Golii yakininda bulunan tarim alanindan (5 no’lu istasyon) bir adet, Celikhan ilgesi tiitiin
tarlasindan (6 no’lu istasyon) bir adet olmak iizere toplamda 12 adet toprak numunesi alinmistir. Topraktaki agir
metallerin tespit edilmesi i¢in 0-20 cm derinlikten 6rnekler alinmistir. Alinan 6rneklerde Fe, As, Ni, Al, Mn ve
Co agir metallerinin konsantrasyonlarmin 8l¢iimii ICP-MS (Indiiktif olarak eslestirilmis plazma spektroskopisi-
kiitle spektrometri) cihazi kullanilarak gergeklestirilmistir. Yapilan Ol¢iimler sonucunda agir metal
konsantrasyonlarinin bazi bdlgelerde sinir degerlerini gectigi bazi bolgelerde ise izin verilen degerlere yaklastigi
bulunmustur. pH degerleri ise 8,14 ile 8,45 arasinda Ol¢iilmiis ve topragin orta derecede alkali yapiya sahip
oldugu goriilmiistiir.

Anahtar Kelimeler: Toprak kirliligi, Diinya saglik orgiitii, Yeralti suyu, ICP-MS, Arsenik

INVESTIGATION OF HEAVY METAL POLLUTION IN THE SOILS
OF THE ADIYAMAN PROVINCE

ABSTRACT

A hazard to the environment and general public health is posed by soils contaminated with various heavy metals
due to the economy's and society's rapid development. In this study, it was aimed to detect heavy metal pollution
in soil samples taken from different six regions of Adiyaman during dry and rainy periods. In order to determine
the heavy metal concentration at the points where soil samples were taken, in August (dry period) and November
(rainy season) of 2017, two units from the vicinity of Adiyaman organized industrial zone (station 1 and 2) were
collected from the area near the wastewater treatment plant (station 3), one from the agricultural area (station 4)
located around the cement factory, one from the agricultural area (station 5) located near Golbas1 Lake, one from
the tobacco field of Celikhan district (station 6). A total of 12 soil samples were taken. Samples were taken from
0-20 cm depth to detect heavy metals in the soil. The concentrations of Fe, As, Ni, Al, Mn and Co heavy metals
in the samples taken were measured using ICP-MS (Inductively coupled plasma spectroscopy-mass
spectrometry) device. As a result of the measurements, it was found that heavy metal concentrations exceeded
the limit values in some regions and approached the permissible values in some regions. The pH values were
measured between 8.14 and 8.45 and it was seen that the soil had a moderately alkaline structure.

Keywords: Soil pollution, World health organization, Groundwater, ICP-MS, Arsenic
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1. Giris

Toprak birgok zararli maddenin alicisidir. Toprag: kirleten atiklar farkli kaynaklardan topraga
girebilir. Bunlar; kentsel, endiistriyel, tarimsal veya niikleer kaynakli olabilir [1]. Modern tarima gegis
ve sanayilesmenin 20. yiizyilin baglarindan itibaren hizlanmasi ile birlikte diinya niifusundaki hizli
artisa paralel olarak dogal kaynak ekosistemleri biiyiik dlglide tahrip olmustur. Bu nedenle toprak
kirliligi de bir ¢evre sorunu olarak goriilmeye baslanmistir [2]. Dogal yapisi lizerinde tarimsal ve
endiistriyel faaliyetler nedeniyle toprak tamamen veya kismen yabanci maddelerle kirlenmektedir. Bu
maddelerin birgogu belirli oranlarda ve 6zellikle eser miktarlarda topragin yapisinda mevcuttur. Bu
ylizden agir metaller, kimyasal kirlilik diisiiniildiigiinde akla gelen kirleticilerdir [3]. Agir metal
kirliliginin biiyiik bir kismindan motorlu tasitlar ve bilingsiz tarimsal faaliyetler sorumludur [4].

Orman yanginlari, hava akimlar1 ve volkanik faaliyetler vb. dogal kaynaklardan ortaya ¢ikan
agir metaller toprak kirliligine neden olmaktadir. Insan faaliyetleri sonucu olusan fosil yakitlarm
yakilmasi, atiklarin depolanmasi ve yakilmasi, dokiimciiliik, giibre ve pestisit kullanimlari, madencilik
vb. ise antropojenik kaynaklidir [5].

Hava ve suya gore topraklar, dis faktorler icin yiiksek tamponlama kapasitesine sahip
sistemlerdir. Topragin yapisindaki bozulmalarin sisteme eklenen Kkirleticilerle ortaya c¢ikmasi
durumunda toprakta karsilasilan sorunlarin ¢éziilmesi de zor, karmasik ve masrafli olmaktadir. Agir
metaller, aritma ¢amurlari, giibreler, kat1 atiklar ve atiksular toprak kirlenmesine sebep olan baslica
kirleticiler arasinda yer almaktadir [6].

Termik santraller, ¢imento-cam iiretimi, ¢dp ve atik ¢amur yakma tesisleri ve demir-gelik
sanayi, agir metallerin ¢evreye salinimini etkileyen en 6nemli endiistriyel faaliyetlerdir. Bu tesislerin
faaliyetleri sonucunda havaya salinan agir metaller nihayetinde yere ulasir ve havadan aerosoller ya da
toz seklinde insanlar ve hayvanlar tarafindan solunur [7].

Agir metallerin endiistriyel {irlinlerin iiretiminde yaygin olarak kullanilmasi nedeniyle,
insanlarin metallere maruziyeti son 50 yilda 6nemli dl¢lide artmigtir. Bunun nedenleri tarimsal iiretim
yontemlerindeki biiyiik degisiklikler, artan giibre ve pestisit kullanimi, ulagim araglarindan ¢ikan
egzoz emisyonlari, artan lretimle artan kati atiklar, atik su ve sagliksiz depolanmasi ve besin
maddelerine erisimi, kentsel gelisim ve stresli yasam kosullaridir. Ayrica amalgam dolgu
maddelerinde, boya ve musluk suyunda kursun, islenmis gidalarda, kozmetiklerde, sampuanlarda, sag
bakim iirlinlerinde ve dis macunlarinda bulunan kimyasal kalintilar yiiziinden insanlar siirekli olarak
agir metallerle yasamaktadirlar [8].

Agir metallerin neden oldugu toprak kirliligi diinya capinda son yillarda dikkatleri iizerine
cekmistir. Agir metallerden kaynaklanan toprak kirliligi, sanayi ve madencilik faaliyetlerinin gelismesi
ve aritilan atiksularin yeniden sulamada kullanilmasi ve aritma ¢amur uygulamalarinin yayginlasmasi
ile diinya ¢apinda bir sorun haline gelmistir. Ekosistemin fonksiyonlar1 ve toprak verimliligi tizerinde
agir metallerin toprakta birikmesi onemli fonksiyonlara sahiptir. Besin zinciri yoluyla topraktan
bitkilere gecen agir metaller insan ve hayvanlara kadar ulagsmaktadir [8].

Son yillarda, toprak ortiisii izerinde 6nemli bir etkiye sahip olan ve topraklarin verimliligini
disiiren agir metaller ortaya ¢ikmaya baglamistir. Niikleer enerji santralleri, maden ocaklari ve isleme
tesisleri, kimya ve demir-gelik endiistrileri, atiklarin ve fosil yakitlarin yakilmasi, karayolundaki arag
trafigi, aritma camuru, giibre, pestisit ve atiksu uygulamalar1 gibi ¢esitli insan faaliyetleri sonucunda
topragin agir metal agisindan kirlenmesi kaginilmazdir [9].

Agir metal kirliligi diinyanin birgok yerinde yeralti su kaynaklarini tehdit etmektedir. Agir
metaller, yeralti su kaynaklarinin en 6nemli kirleticileri arasindadir [10]. Bu agir metallerin bazilari
canli organizmalarin biiylimesi, gelismesi ve sagligi igin elzemdir, digerleri ise yok edilemez
olduklarindan ve ¢ogu organizmalar iizerinde toksik tiirler olarak siiflandirildigindan zaruri degildir
[11]. Bununla birlikte, agir metallerin toksisitesi, ortamdaki konsantrasyon seviyelerine baglidir.
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Ortamdaki artan konsantrasyonlar ve topraklarin agir metalleri tutma kapasitesinin azalmasiyla, yeralti
suyuna ve toprak ¢ozeltisine sizarlar. Boylece bu toksik agir metaller canli dokularda birikebilir ve
besin zinciri boyunca konsantre olabilir.

Endiistrinin ve ekonominin hizli gelisimi ile birlikte giderek daha fazla kirletici topraga
salinmaktadir [12]. Agir metallerin (Pb, Cr, As, Zn, Cd, Cu, Hg, Ni vb.) topraklarda asir1 birikmesi
sadece toprak kirlenmesine neden olmakla kalmaz, ayn1 zamanda mahsuller tarafindan agir metal
aliminin artmasina ve dolayisiyla gida kalitesi ve gilivenliginin etkilenmesine neden olabilir [13].
Boylece topraklardaki agir metal kirliligi hem gelismis hem de gelismekte olan iilkelerde énemli bir
konu haline gelmistir [14]. Agir metaller toksisite, biyolojik olarak parcalanamazlik ve kalicilik
Ozelliklerine sahip olduklarindan, farkli tiirdeki kirleticilere gore oOzellikle tehlikelidirler [15].
Topraktaki agir metaller ¢evre icin potansiyel tehditler olusturur ve insan sagligina zarar verebilir.
Potansiyel insan sagligi riskleri nedeniyle, toprak-bitki sistemindeki agir metal birikimi, artan bir
kamuoyu endisesine yol agmistir [16].

Agir metaller tarafindan toprak kirliligi kritik bir kiiresel ¢evre sorunudur. Caligmada, agir
metalle kirlenmis veya kirlenmemis bolgelerin tesbit edilmesi ve topraklardaki olasi agir metal kirliligi
kaynaklarininin belirlenmesi amaglanmustir. Bu amagla, Adiyaman linin farkl1 6 bdlgesinden kuru ve
yagisli donemlerde aliman toprak Omneklerinde agir metal analizleri ve pH dlclimleri
gergeklestirilmistir. Toprak orneklerinde elementel analizler, ICP-MS cihazi kullanilarak 6l¢lilmiistiir.

2. Materyal ve Metod
2.1. Materyal

2.1.1.Calisma Alan

Adryaman ili, Giineydogu Anadolu bdlgesinde 38°11°-37°25° N ve 39°14-37°31” E boylamlar1
arasinda yer almakta olup, denizden yiiksekligi 669 metredir. Komsulari; dogusunda Diyarbakir,
batisinda Kahramanmaras, kuzeyinde Malatya ve giineyinde ise Sanlmurfa’dir.

Karasal iklime sahip olan Adiyaman’da genelde yazlar sicak ve kurak, kiglar 1lik ve yagislh
ge¢mektedir. Dogu Anadolu-Akdeniz bolgesi arasinda gegit konumuna sahiptir. Bolgedeki diger
illerden daha fazla yagis almaktadir. Tiirkiye Istatistik Kurumu (TUIK) 2016 yili niifus sayimm
sonugclar1 dikkate alindiginda ilin toplam niifusu 610.484 kisidir [17].

2.1.2.Calismada Kullanilan Toprak Ornekleri

Adiyaman’daki topraklarim agir metal iceriklerini belirlemek amaciyla, Adiyaman organize
sanayi bolgesi altindan, organize sanayi bolgesi civarindan, aritma tesisi ¢ikisindan, ¢imento fabrikasi
civarinda bulunan zeytin bahgesinden, Golbasi ilgesinde Golbagi Golii civarinda bulunan elma
bahgesinden ve Celikhan ilgesinde bulunan tiitiin tarlasindan olmak {izere toplam 6 istasyondan toprak
ornekleri alinmstir.

2.2. Metod

Calisma kapsaminda, Adiyaman'daki kirliligin derecesini belirlemek igin farkli kullanim
alanlarindan Agustos-Kasim 2017'de toprak ornekleri alindi. Topraktaki agir metal konsantrasyonunu
temsil edebilmesi i¢in alt1 farkli 6rnekleme istasyonu belirlenerek kurak ve yagish donem olmak tizere
toplamda 12 adet toprak numunesi alindi. Sekil 1’de ¢aligma alaninin konumu ve numunelerin alindigi
istasyonlar goriilmektedir.
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2.2.1.Toprak Orneklerinin Alinmasi ve Korunmas

Numuneler alinmadan 6nce topragin ylizeyindeki bitki oOrtiisii, tag, ¢akil vb. temizlendi. Daha
sonra topraktaki agir metallerin tespit edilmesi i¢in 0-20 cm arasindaki toprak tabakasini temsil eden
her 1 kg'lik toprak numunesi alinarak kavanozlara yerlestirildi [18].

2.2.2. Toprak Orneklerinin Analize Hazirlanmasi
Laboratuvara getirilen numuneler havada kurutma islemi sonrasinda, iri parcaciklar elle ezilip

ufalanarak homojen hale getirilmis ve daha sonra da ICP-MS cihazinda Olglimlere hazir hale
getirilmistir [19]. Toprak numuneleri kurutulduktan sonra 5 mm ¢apli bir elekten gecirilmistir [20].

2.2.3.Toprak Orneklerinde Yapilan Analizler

Mikrodalga ekstraksiyonu
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ICP-MS kullanilarak toprak numunelerindeki agir metallerin belirlenmesi i¢in yapilan bir 6n
islemdir. EPA 3051A yontemine gore yapilan bu 6n hazirlik isleminde Berghof marka speedwave
mikrodalga firin kullanilmistir [20].

ICP-MS cihazi ile agir metal konsantrasyonunun tayini

Topraklarda agir metal konsantrasyonunun belirlenmesinde Perkin Elmer marka, Optima
NexION 350X ICP-MS cihazi kullanilmig ve dlgiimler EPA 6010C metoduna gore belirlenmistir [19].
ICP-MS cihazinda ikili olarak incelenen numunelerin tamamindan ii¢ 6l¢iim yapilmistir. Olgiimler
sonucunda bulunan degerlerin ortalamalar1 alinmis ve agir metal konsantrasyonlar1 belirlenmistir.

3. Bulgular ve Tartisma

3.1. pH Degerleri

Degisik kullanim alanlarina gore, organize sanayi bolgesi civarindan, aritma tesisi gikist
civarindan, ¢imento fabrikasi civarindan, Gdlbagi ilgesi Golbast Golii civarindan ve Celikhan ilgesi
titlin tarlasindan 0-20 cm derinlikten alinan toprak orneklerindeki pH degerleri 8,14-8,45 arasinda
bulunmustur (Cizelge 1). Elde edilen pH degerlerine gore topragin orta alkali bir siniflandirma i¢inde
oldugu goriilmiistiir [21].

Cizelge 1. Toprak numunelerinin pH degerleri

Istasyon No  Numune Alma Bélgeleri pH Degeri
1 Orgazine sanayi bolgesi alt1 8,30
2 Organize sanayi bolgesi civart 8,32
3 Aritma tesisi ¢ikisi 8,14
4 Cimento fabrikasi civarinda bulunan zeytin bahgesi 8,45
5 Golbasi Golii civarinda bulunan elma bahgesi 8,36
6 Celikhan ilgesi civarinda bulunan tiitiin tarlas1 8,18

3.2. Agw Metal Degerleri

Numuneler ikili c¢alisilmis ve tiim numuneler lic kez tekrarli olarak ICP-MS cihazi ile
dlciilmiistiir. Ol¢iim degerlerinin  hesaplanmasinda {ic 6l¢iim sonucunda bulunan degerlerin
ortalamalar1 alinmigtir. Toprakta miisaade edilen agir metal sinir degerleri Cizelge 2’de verilmistir
[22-25]. Kurak (Agustos) ve yagish (Kasim) donemde alinan toprak oOrneklerinin agir metal
degerlerinin ortalamalar1 sirasiyla Cizelge 3 ve Cizelge 4 ’te verilmistir.

Cizelge 2. Toprakta miisaade edilen agir metal sinir degerleri

Diinya Saglik Orgiitii ABD Cevre
Agir Metaller (WHO)/Diinya Tarim Orgiitii Koruma Ajansi (US Diinya ortalama
(FAO) (mg kg EPA) (mg kg™ degerleri (mg kg!)

Fe 50000 - 40000

As 20 8,172 6

Ni 50 - 50

Al - - -

Mn 2000 - 1000

Co 50 - 8
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Cizelge 3. Toprak orneklerinin ortalama agir metal degerleri kurak donem (mg/kg)

Istasyon No Al As Fe Mn Ni Co
1 32509443 6,514 41447426 10741304 883,542 59,895
2 60630,086 8,172  52601,675 13079,896 1091,162 73,613
3 22607,551 5457 17175600 4252496 262,506 21,447
4 19293,865 5460  27493,650 7199821 118,647 17,205
5 7950,492 7,781 31189471 8249713 77248 15741
6 12753,646 5900  27307,049 6489,176 44,575 11,698

Cizelge 4. Toprak 6rneklerinin ortalama agir metal degerleri yagish donem (mg/kg)

Istasyon No Al As Fe Mn Ni Co
1 29865265 5,582 27135417 6344350 949,504 59,181
2 41099,959 8227  38163,125 9442,822 926,570 60,930
3 23332342 6,153 18513,719 4397,681 261378 20,659
4 16021,161 5819  23196,730 5807,895 106,778 14,887
5 6297,253 9,091  24922,606 6319457 75337 14,718
6 10544,693 6,997  22180,796 4931270 39,886 9,459

Olgiimii yapilan numunelerdeki ortalama agir metal konsantrasyonlar: dikkate alindiginda,
kurak doénemde Al igin 7950-60630 mg/kg, As ic¢in 5,457-8,172 mg/kg, Fe i¢in 17175,6-52601,6
mg/kg, Mn i¢in 4252,4-13079,8 mg/kg, Ni i¢in 44,575-1091,162 mg/kg ve Co icin 11,698-73,613
mg/kg arasinda degisen degerler elde edilmistir. Tiim istasyonlardaki ortalama degerler ise Al igin
25957,51 mg/kg, As icin 6,54 mg/kg, Fe igin 32869,15 mg/kg, Mn igin 8335,401 mg/kg, Ni igin
412,9467 mg/kg, Co i¢in 33,2665 mg/kg olarak bulunmustur.

Yagishh donemde alinan 6rneklerde ise, Al i¢in 6297-41100 mg/kg, As i¢in 5,582-9,091 mg/kg,
Fe icin 18514-38163 mg/kg, Mn i¢in 4398-9443 mg/kg, Ni i¢in 39,886-949,504 mg/kg ve Co igin
9,459-60,930 mg/kg arasinda degisen degerler elde edilmistir. Tiim istasyonlardaki ortalama degerler
ise Al icin 21193,45 mg/kg, As icin 6,978167 mg/kg, Fe icin 25685,4 mg/kg, Mn i¢in 6207,246
mg/kg, Ni i¢in 393,2422 mg/kg, Co i¢in 29,97233 mg/kg olarak bulunmustur.

Degisik bolgelerden temin edilen toprak numunelerinin tamamimin agir metal
konsantrasyonlarinin ortalamasi alindiginda her iki dénem i¢in kiyaslandiginda ayni siralamaya sahip
oldugu goriilmiistiir. Bu siralama ise; Fe > Al > Mn > Ni > Co > As olarak bulunmustur. Elde edilen
agir metal konsantrasyonlarinin ortalama degerleri incelendiginde Ni ve Mn i¢in WHO/FAO
tarafindan belirlenen toprakta miisaade edilen agir metal sinir degerlerini astig1, Fe, As ve Co igin ise
sinir degerlerinin altinda oldugu goriilmiistiir (Cizelge 2). En yiiksek deger ise kurak donemde 2 nolu
istasyonda (Organize sanayi bolgesi civarl) Al konsantrasyonu 60630 mg/kg olarak tespit edilmistir
(Cizelge 3). Ni ve Mn i¢in sinir degerlerini asan en yiiksek konsantrasyonlar 1 ve 2 nolu (Organize
sanayi bolgesi civari) istasyondan alinan 6rneklerde goriilmiistiir.

Akyildiz ve Karatag yaptiklar1 ¢aligmada, Ni degerini en yiiksek 366,9 mg/kg ortalamasini ise
94,51 mg/kg, Fe icin en yiiksek 33000 mg/kg, Mn i¢in 5,09-1135 mg/kg arasinda, As i¢in ortalama 3
mg/kg, Co i¢in ortalama 26,6 mg/kg olarak bulmustur [26].

Kul vd. Bayburt ilinin farkli noktalarindan elde edilen toprak orneklerinin agir metal analiz
sonuclarina gore, toprak orneklerinin agir metal igerikleri Mn igin <0,000-373,75 mg kg™, Fe igin
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<0,000-22343,57 mg kg, Co igin <0,000-7,09 mg kg, Ni i¢in <0,000-133,63 mg kg, araliginda
oldugunu tespit etmiglerdir [27].

Suyun yagisla seyrelmesi, seyreltilmis sulama suyundan agir metallerin daha diisiik emilmesi ve
diisiik konsantrasyonlu sulama suyu ve/veya topraktan agir metal emilimi nedeniyle tiim agir metal
konsantrasyonlar1 yagislt donemde kuru doneme gore daha diisiik olarak bulunmugtur. Dudal vd. [28],
agir metallerin ¢Oziiniir organik madde ile birlikte hareketliliginin yogun yagis olaylarindan
etkilenebilecegini belirtmislerdir. Ote yandan, topragin kimyasal ve fiziksel &zellikleri, sadece agir
metal konsantrasyonuna degil, ayn1 zamanda g¢evresel faktorlere, topragin adsorpsiyon-desorpsiyon
ozelliklerine, ¢dkelme reaksiyonlarina ve toksik metal zelliklerine de baglh olan agir metallerin
biyoyararliligin1 ve hareketini etkiler [29, 30].

4. Sonuclar

Metal atiklar su ve toprak ylizeyini kirleterek insan sagligi {izerinde zararli etkilere neden olur.
Agir metal kirliligi, besin zinciri yoluyla potansiyel birikim riski nedeniyle organizmalarin ve
insanlarin sagliglr ve esenligi i¢in biiyiik bir tehdit olusturmaktadir. Toprakta bulunan agir metal,
bitkilerde kolaylikla birikir ve daha sonra besin zinciri yoluyla tasimir ve bdylece insan saglig1 i¢in
biiyiik bir tehdit haline gelir. Ayrica yiizeysel sulara ve daha sonra da yeralt1 sularina ulasarak ekolojik
dengeye zarar verir. Bu ¢alismada Adiyaman ili’nin farkli bélgelerdeki alti noktasindan alman toprak
orneklerinde pH ve agir metal analizleri yapilmistir. Yapilan analizler sonucunda pH degerinin 8,14 ile
8,45 arasinda oldugu ve bu sonuca gore de topragin yapisimnin orta alkali bir yapida oldugu
goriilmiigtiir. Kurak ve yagisli donemlerde alinan numunelerde yapilan analizler sonucunda ortalama
agir metal konsantrasyonlart ise, Al i¢in 6297-60630 mg/kg, As icin 5,457-9,091 mg/kg, Fe igin
18514-52601,6 mg/kg, Mn i¢in 4252,4-13079,8 mg/kg, Ni icin 39,886-1091,162 mg/kg ve Co igin
9,459-73,613 mg/kg arasinda degisen degerlerde bulunmustur.

En yiiksek konsantrasyon Al i¢in 60630 mg/kg olarak 2 nolu istasyonda, As i¢in 9,091 mg/kg
olarak 5 nolu istasyonda, Fe i¢in 52601,6 mg/kg olarak 2 nolu istasyonda, Mn i¢in 13079,8 mg/kg
olarak 2 nolu istasyonda, Ni i¢in 1091,162 mg/kg olarak 2 nolu istasyonda ve Co i¢in 73,613 mg/kg
olarak yine 2 nolu istasyonda 6l¢iilmiistiir.

Toprak numunelerinin tamaminin agir metal konsantrasyonlarinin ortalamasi gézoniinde
bulunduruldugunda hem kurak ve hem de yagisli dénem i¢in kiyaslandiginda siralamanin degismedigi
tespit edilmistir (Fe > Al > Mn > Ni > Co > As). Bu sonuglara gore Ni ve Mn ortalama degerlerinin
WHO/FAO tarafindan belirlenen toprakta miisaade edilen agir metal sinir degerlerini astig1, Fe, As ve
Co i¢in ise smir degerlerinin altinda kaldigi belirlenmistir. Ni ve Mn ortalama degerlerinin sinir
degerlerini asan en yiiksek konsantrasyonlari 1 ve 2 nolu (Organize sanayi bdlgesi civari) istasyondan
alman oOrneklerde goriilmiistir. Bunun nedeninin endiistriyel ve yiikseltiden kaynakli olabilecegi
diistintilmektedir. Sonug¢ olarak numune alinan bolgelerde toprakta bazi agir metaler (Ni ve Mn)
acisindan kirlenmenin bagladigint gostermektedir. Elde edilen bu sonuglar toprak kalitesinin
degerlendirilmesinde ve metalle kirlenmis topraklarin geri kazanilmasina yonelik c¢abalarin
desteklenmesinde faydali olabilir.

Tesekkiir

_ Bu calisma; Adiyaman Universitesi Bilimsel Arastirma Projesi birimi tarafindan
MUFLAP/2017-0007 nolu proje kapsaminda desteklenmistir.

Cikar Catismasi Beyani

Makale yazarlari herhangi bir kurum, kurulus, kisi ile kisisel ve finansal g¢ikar c¢atigmasi
olmadigini beyan etmektedirler.

ADYU Miihendislik Bilimleri Dergisi 18 (2022) 562-570



569 H. Tiirkmenler

Kaynaklar

[1] Altmbas,__U., Cengel, M., Uygal, H., Okur, B., Okur, N., Kurucu, Y., Delibacak, S., “Toprak
Bilimi”, Ugiincti Baski, Ege Universitesi Ziraat Fakiiltesi Yaymlari No.557, Ege Universitesi
Basimevi, [zmir, (2008).

[2] Tiirkoglu, B., “Toprak Kirlenmesi ve Kirlenmis Topraklarin Islah1”, Yiiksek Lisans Tezi,
Cukurova Universitesi, Fen Bilimleri Enstitiisii, Adana, (2006).

[3] Mater, B., “Toprak Cografyasi1”, Istanbul: Cantay Kitabevi, (1998).

[4] ilkilig, C., Behcet, R., “Hava Kirliliginin insan Saglig1 ve Cevre Uzerindeki Etkisi”, Dogu Anadolu
Bolgesi Arastirmalari, 5(1): 66-72, (2006).

[5] Lombi, E., Wenzel, W. W., Adriano, D. C., “Soil Contamination, Risk Reduction and
Remediation”, Land Contamination & Reclamation, 6 (4), 183-197, (1998).

[6] Basci, N., “Cr (VI) Iyonunun Siis Bitkileri Kullanilarak Topraktan Gideriminin Arastirilmas1”,
Yiiksek Lisans Tezi, Cukurova Universitesi, Fen Bilimleri Enstitiisii, Adana, (2009).

[7] Kahvecioglu, O., Kartal, G., Giiven, A., Timur, S., “Metallerin Cevresel Etkileri”, TMMOB
Metalurji Mithendisleri Odast Dergisi, 136, 47-53, (2003).

[8] Durak, Z., “Adana Sofulu Diizensiz Cop Depolama Alaninda Olusan C6p Sizinti Sularmin Bitki
Yetistirilmesinde Kullanilmas1”, Yiiksek Lisans Tezi, Cukurova Universitesi, Fen Bilimleri
Enstitiisii, Adana, (2005).

[9] Celik, A., Kartal, A. A., Akdogan, A., Kaska, Y., “Determining the Heavy Metal Pollution in
Denizli (Turkey) By Using Robinio Pseudo-Acacia L.”, Environment International, 31, 105-112,
(2005).

[10] Marcovecchio, J.E., Botte, S.E., Freije, R.H., “Heavy metals, major metals, trace elements”, In:
Nollet LM, editor. Handbook of Water Analysis, 2nd ed. London: CRC Press; (2007).

[11] Underwood, E.J., “Trace Elements in Humans and Animals” Nutrition. 3rd ed. New York:
Academic Press; (1956).

[12] Yang, P., Mao, R., Shao, H., & Gao Y., “The Spatial Variability of Heavy Metal Distribution in
the Suburban Farmland of Taihang Piedmont Plain, China”, Comptes Rendus Biologies, 332, 558-
566, https://doi.org/10.1016/j.crvi.2009.01.004, (2009).

[13] Lu, Y., Yin, W., Huang, L. B., Zhang, G. L., & Zhao, Y. G., “Assessment of Bioaccessibility and
Exposure Risk of Arsenic and Lead in Urban Soils of Guangzhou City, China”, Environmental
Geochemistry and Health, 33, 93-102, https://doi.org/10.1007/s10653-010-9324-8, (2011).

[14] Nicholson, F. A., Smith, S. R., Alloway Carlton-Smithd, C., & Chambers, B. J., “An Inventory of
Heavy Metals Inputs to Agricultural Soils in England and Wales” Science of the Total
Environment, 311, 205-219, (2003).

[15] Yan, X., Gao, D., Zhang, F., Zeng, C., Xiang, W., & Zhang, M., “Relationships between Heavy
Metal Concentrations in Roadside Topsoil and Distance to Road Edge Based on Field
Observations in the Qinghai-Tibet Plateau, China”, International Journal of Environmental
Research and Public Health, 10, 762-775, https://doi.org/10.3390/ijerph10030762, (2013).

ADYU Miihendislik Bilimleri Dergisi 18 (2022) 562-570


https://doi.org/10.1016/j.crvi.2009.01.004
https://doi.org/10.1007/s10653-010-9324-8
https://doi.org/10.3390/ijerph10030762

H. Tiirkmenler 570

[16] Fu, S., & Wei, C. Y., “Multivariate and Spatial Analysis of Heavy Metal Sources and Variations
in a Large Old Antimony Mine, China”, Journal of Soils and Sediments, 13, 106-116.
https://doi.org/10.1007/s11368-012-0587-9, (2013).

[17] Tiirkiye Istatistik Kurumu (TUIK), 24638 say1 ve 31 Ocak 2017 Yayim Tarihli Haber Biilteni.

[18] Loughran, R.J., Wallbrink, P.J., Walling, D.E., Appleby, P.G., “Sampling Methods. In: Zapata, F.
(eds) Handbook for the Assessment of Soil Erosion and Sedimentation Using Environmental
Radionuclides”, Springer, Dordrecht. https://doi.org/10.1007/0-306-48054-9 3, (2002).

[19] EPA, 2007a, Method 6010C, “Inductively Coupled Plasma-Atomic Emission Spectrometry”,
Revision 3, February (2007).

[20] EPA, 2007b, Method 3051A, “Microwave Assisted Acid Digestion of Sediments, Sludges, Soils,
and Oils”, Revision 1, February (2007).

[21] Dagdeviren, S., “Corlu ve Civarindaki Topraklarda Agir Metal Konsantrasyonunun Belirlenmesi
ve Sonuclarmin Yapay Sinir Aglar1 ile Degerlendirilmesi”, Yiiksek Lisans Tezi, Trakya
Universitesi, Fen Bilimleri Enstitiisii, Edirne, (2007).

[22] Onyedikachi, U.B., Belonwu, D.C. & Wegwu, M.O., “Human health risk assessment of heavy
metals in soils and commonly consumed food crops from quarry sites located at Isiagwu, Ebonyi
State”, Ovidius University Annals of Chemistry, 29(1), 8-24. DOI: 10.2478/auoc-2018-0002,
(2018).

[23] Ozkan, A., “Antakya-Cilvegozii karayolu etrafindaki tarim arazilerinde ve bitkilerdeki agir metal
kirliligi” Cukurova Universitesi Miihendislik & Mimarhk Fakiiltesi Dergisi, 32(3), 9-18, (2017).

[24] Chiroma, T. M., Ebewele, R. O., Hymore, F.K., “Comparative Assessement of Heavy Metal
Levels in Soil, Vegetables and Urban Grey Waste Water used for Irrigation in Yola and Kano”,
International Refereed Journal of Engineering and Science, 3(2), 01-09, (2014).

[25] Bowen, H.J.M., “Elements in lithosphere and biosphere”, Environmental Chemistry of the
Element, Academic Press, Beijing, pp. 174-208, (1979).

[26] Akyildiz, M., Karatas, B., “Adana Sehir Merkezindeki Topraklarda Agir Metal Kirliliginin
Arastirilmas1”, Cukurova Universitesi Miihendislik Mimarhk Fakiiltesi Dergisi, 33(2), ss. 199-
214, (2018).

[27] Kul, S., Giil, V., Cengiz, 1., “Toprak ve Bitkilerde Agir Metal Kirliliginin Arastirilmasi: Bayburt
Ili Ornegi”, Journal of Anatolian Environmental and Animal Sciences, Y1l: 6, Say1: 2, (195-203),
(2021).

[28] Dudal, Y., Sévenier, G., Dupont, L., Guillon, E., “Fate of the metal-binding soluble organic
matter throughout a soil profile”, Soil Sci., 170, 707-715, (2005).

[29] Cuevas, G., Walter, 1., “Metales pesados en maiz (Zea mays L.) cultivado en un suelo enmendado
con diferentes dosis de compost de lodo residual”, Rev. Int. Contam. Ambient, 20, 59—68, (2004).

[30] Li, J., Rate, A.W., Gilkes, R. J., “Fractionation of trace elements in some non-agricultural
Australian soils”, Aust. J. Soil Res, 41, 1389-1402 (2003).

ADYU Miihendislik Bilimleri Dergisi 18 (2022) 562-570


https://doi.org/10.1007/s11368-012-0587-9
https://doi.org/10.1007/0-306-48054-9_3

SR N Arastirma Makalesi o Wi,
Adiyaman Universitesi

€
Miihendislik Bilimleri Dergisi \
2006 18 (2022) 571_580 2006

Y

Y

ADy,

ADy
/ ky

KAYIPLI RESIM SIKISTIRMA ALGORITMALARINI TEMEL ALAN
RASTGELE SAYI URETECI

Selman YAKUT!"

Tnénii Universitesi, Mithendislik Fakiiltesi, Yazilim Miihendisligi Béliimii, Malataya, 02040, Tiirkiye
Gelis Tarihi/Received Date: 19.07.2022 Kabul Tarihi/Accepted Date: 11.10.2022 DOI: 10.54365/adyumbd.1145590

OZET

Dijitallesen diinyada veri giivenligi 6énemli bir problemdir. Veri giivenligini saglamak icin ¢esitli kriptografik
sistemler ve uygulamalar kullanilir. Rastgele sayilar ise bu sistemlerin ve uygulamalarin 6nemli bir pargasidir. Bu
makalede resim sikistirma algoritmalarinin temeli olan ayrik kosiniis doniigiimiinii kullanan bir rastgele say1
iireteci Onerildi. Bu iiretegte oncelikle sikigtirilacak olan resim, ayrik kosiniis doniigiimii ile frekans diizlemine
aktarilir. Frekans diizleminde insan gérme duyusu dikkate alinarak resmi ifade eden belirli katsayilar dikkate alinip
digerleri ihmal edildiginden veri kayb1 olur. Daha sonar Frakans diizlemindeki veri ters ayrik kosiniis dontisiimii
kullanilarak yeniden uzay diizlemine aktarilir. Bu doniisiim esnasinda hesaplanan kiisurath degerler resmi ifade
etmek icin yuvarlanir. Yuvarlama esnasinda bu veriler geriye dondiiriilemeyecek sekilde kaybedilir. Bu kayiplar
bir entropi kaynagi olarak kullanild1 ve ham rastgele sayilar iiretildi. Bu sayilardaki olas1 zayifliklar kriptografik
6zet fonksiyonunun son islem algoritmasi olarak kullanilmasiyla giderildi. Kriptografik 6zet fonksiyonu olarak
SHAI1 algoritmas1 kullanildi. Onerilen iiretec herhangi bir dijital veri kaynagini rastgele say iireteci olarak
kullanabilir. Onerilen iiretecin giivenligi yapilan testlerle ve analizlerle gdsterildi.

Anahtar Kelimeler: Ayrik kosiniis doniigiimii, Rastgele sayilar, Rastgele sayt iireteci, Son islem algoritmalart

RANDOM NUMBER GENERATOR BASED ON LOST PICTURE
COMPRESSION ALGORITHMS

ABSTRACT

Data security is an important problem in the digitalized world. Various cryptographic systems and applications are
used to ensure data security. Random numbers are an important part of these systems and applications. In this
article, a random number generator using the discrete cosine transform, which is the basis of image compression
algorithms, is proposed. In this generator, the picture to be compressed first is transferred to the frequency plane
with the discrete cosine transform. Data loss occurs because certain coefficients expressing the picture are taken
into account and others are neglected by considering human vision in the frequency plane. Then the data in the
frequency plane is transferred back to the space plane using the inverse discrete cosine transform. The fractional
values calculated during this conversion are rounded up to represent the picture. During rounding, this data is
irreversibly lost. These losses were used as a source of entropy and raw random numbers were generated. Possible
weaknesses in these numbers were addressed by using the cryptographic hash function as the post-processing
algorithm. The SHA1 algorithm was used as the cryptographic hash function. The proposed generator can use any
digital data source as a random number generator. The safety of the proposed generator has been demonstrated by
tests and analysis.

Keywords: Discrete cosine transform, random numbers, random number generator, post processing algorithms

1. Giris

Bilgi giivenligi giinden giline daha fazla dijitallesen diinyanin énemli bir problemidir. Akill
telefon, tablet, bilgisayar, kamera gibi dijital veri kaynaklar1 yaygin bir sekilde ve artarak
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kullanilmaktadir [1]. Bu dijital kaynaklarinin zayif yonlerini kullanmaya yonelik birgcok saldiri
yapilmaktadir [1]. Bu saldirilarin engellenmesi ve magduriyetlere sebebiyet vermemek igin ¢ok sayida
kriptografik sistem ve protokol kullamilmaktadir [3-5]. Bu sistemlerin ve protokollerin hem veri
kaynaklarinin giivenligini hem de verilerin giivenligini saglamasi amaglanir. Bunlarin giivenligi ise
temel olarak anahtar degeri, tohum degeri gibi gizli ve giivenli degerlere dayanir [3-4]. Bu degerlerin
giivenliginin garanti edilmesi i¢in giivenli rastgele sayilar kullanilir.

Rastgele sayilar bilgi giivenligi izerinde belirleyici olan 6nemli parametrelerden biridir [3-7]. Bu
sayilar bir¢ok kriptografik uygulamanin ve sistemin 6nemli bir pargasidir [6,7]. Ozel-genel anahtar cifti,
gizli anahtar, tohum degeri bunlarin baginda gelmektedir. Bu degerin biitiin sistem iizerinde kritik bir
oneme sahip oldugundan bu sayilarin iiretilmesi 6nem arz etmektedir.

Rastgele say1 iiretimi ¢esitli yontemler ve kaynaklar kullanilarak yapilabilir. Ancak temel olarak
rastgele say1 iiretecleri gercek rastgele sayi iiretecleri (GRSU), s6zde rastgele sayi iiretegleri(SRSU) ve
hibrit rastgele say1 iiretecleri(HRSU) olmak iizere ii¢ smnifa ayrilir. GRSU iiretegleri elektronik giiriiltii,
radyoaktif bozulma gibi fiziksel ve tekrarlanmayan kaynaklari kullanir [8, 9]. SRSU belirli bir algoritma
ve tohum degeri kullanilarak hesaplamalara dayanan iireteglerdir [10-12]. HRSU ise bu iki yaklasimin
beraber kullanimina dayanir.

Farkli rastgelelik kaynaklarindan {iretilen ham rastgele sayilardaki muhtemel zayifliklarin
korelasyonun giderilmesi i¢in son islem algoritmalar1 kullanilir. Literatiirde ¢ok sayida son islem
algoritmasi mevcuttur ve bu algoritmalarin rastgele say1 tiretiminde kullanimi yaygimndir [6, 13-17].
Bunlarin 6nemli bir tiirii ise kriptografik 6zet algoritmalaridir [14]. Bunun baslica sebebi ise bu
algoritmalar tek yonlii fonksiyonlardir ve giris verisi 6zet degerinden iiretilemez. Ayrica bu
algoritmalarin ¢akismaya karsi dayanikli olmasi diger bir 6nemli giivenlik parametresidir. Boylece bu
algoritmalarla diizgiin bir dagilima sahip ve giiclii istatistiksel 6zelliklere sahip sayilar tiretilir [17, 18].

Dijital verilerin iletim ve depolama islemlerindeki yiikiinli azaltmak i¢in bu veriler sikistirma
islemlerine tabi tutulur [19]. Sikistirma islemi kayiph ve kayipsiz sikistirma olmak iizere ikiye ayrilir
[20-22]. Kayipsiz sikistirmada resim iizerinde herhangi bir kayip olmadan orijinal resmin sikistirlir.
Kayiph sikistirmada ise orijinal resim bazi geri dondiiriilemeyen kayiplara ugrar ve orijinal resmin
yeniden lretilemez. Kayipl sikistirmada yaygin kullanilan yaklasim orijinal resmin ¢esitli doniistimler
yardimiyla frekans uzayina aktarilmasi ve aktarilan bu verinin frekans uzayindaki cesitli iglemler
yardimiyla sikistirilmasina dayanair. JPEG gibi birgok algoritmanin kullamildigi Ayrik Kosiniis
Doniistimii (AKD) ise bunlarin baginda gelir.

AKD veri sikistirma i¢in kullanilan yontemlerin basinda gelir [19, 24, 25]. AKD uygulanan
veriler frekans diizlemine aktarilir. Frekans diizlemine insan gérme duyusunu dikkate alinarak bazi
katsayilar hesaplamada daha fazla dikkate alinirken bazi katsayilar ise goz ardi edilir [26]. Bdylece insan
gozii ile fark edilmeden veya az fark edilen veriler ihmal edilir ve kaybedilir. Daha sonra veri, Ters
Ayrik Kosinlis Doniigiimii (TAKD) wuygulanarak yeniden uzay diizlemine aktarilir. Bu aktarma
stirecinde bir dizi matematiksel islemler kullanilarak veri nemli oranda sikistirilir [23]. Sikigtirilan veri
uzay diizlemine aktarildiginda bazi kayiplara ugrar ve orijinal veri yani sikistirma islemine ugramamis
olan hali bu sikistirilmig veriden yeniden tiretilmesi miimkiin olmaz. [24-29].

Onerilen yéntemde ayrik kosiniis doniisiimii kullamlarak sikistirilan resimdeki kayiplar kullanilarak
ham rastgele sayilar iiretildi. Herhangi bir isleme ugramamis olan orijinal resim sikistirma isleminden
gecirilerek oncekle frekans uzayina aktarilir. Frekans uzayina aktarilan verilerin insan gérme duyusu
dikkate alinarak bazi katsayilart muhafaza edilirken bazi katsayilari ise goz ardi edilir. Daha sonra
frakans uzaymdaki veriler TAKD kullanilarak yeniden uzay diizlemine aktarilir. Yeniden aktarma
isleminde veriler sikistirilmis resme doniistiiriiliirken yuvarlama islemlerine tabi tutulur. Yuvarlanan bu
verilerin kiisurathi kismi geriye dondiiriilemez bir sekilde kaybedilir. 6nerilen bu yontemde kayip olarak
ifade edilen bu veriler entropi kaynagi olarak kullanildi ve bu entropi kaynagindan ham rastgele sayilar
tiretildi. Uretilen bu sayilar son islem olarak kriptografik 6zet algoritmalarindan gegirildi. Boylece
iretilen rastgele sayilarin hem uniform bir dagilima sahip olmasi hem de giivenli bir hale gelmesi
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saglandi. Onerilen ydntemle birgok dijital veri kaynagi rastgele say1 iireteci olarak kullanilabilir. Ayrica
bu yontemle iiretilen rastgele sayilarin giivenli oldugu istatistiksel testlerle ve analizlerle gosterildi.

Bu galismanin devami su boliimler olusur. ikinci boliimde 6nerilen ydntemin yapisi, kullanilan
entropi kaynagi ve yapilan islemler incelendi. Sonraki boliimde {iretilen sayilarin istatistiksel
sonuglarina yer verildi ve kullanilan yontemin giivenlik degerlendirmesi yapildi. Son bdliim de ise
yapilan ¢aligmayla ilgili sonuglara yer verildi.

2. Onerilen Yontem

Onerilen yontemle kriptografik uygulamalar basta olarak birgok uygulamanin énemli bir parcasi
olan giivenli rastgele sayilar iiretildi. Bu yontemin genel yapist Sekil 1’de verildi. Bu yapida 6ncelikle
herhangi bir sikistirma ve benzeri islemden gecirilmeyen resim, orijinal resim olarak ifade edilir ve AKD
kullanilarak frekans diizlemine aktarilir. Bu diizleme aktarilan veri insan géorme duyusunun hassas
oldugu katsayilar korunurken digerleri daha az muhafaza edilir. Daha sonra frekans diizlemindeki veri
TAKD ile tekrar uzay diizlemine doniistiiriiliir. Bu ters donilisiim isleminde hesaplanan degerlerin
sikistirilmis resme doniistliriilmesi i¢cin hesaplanan degerler yuvarlanir. Yuvarlama igleminde kiisurat
verileri kaybedilir. Kaybedilecek bu verilerin ham rastgele say1 iiretiminde kullanildi. Boylece dijital
resim bir entropi kaynagi olarak kullanildi. Daha sonra bu ham veriler ise son iglem olarak kriptografik
hash algoritmasindan gegirilerek giivenli gergek rastgele sayilar tiretildi.

Orjinal
Resim

Hash
Fonksiyonu

Rastgele
Sayilar

Sekil 1. Onerilen metodun genel yapisi

AKD wverilerin uzay diizleminden frekans diizlemine aktarilmasin1 saglayan furier tabanli bir
doniisiimdiir. i1k olarak orijinal veri AKD ile frekans diizlemine aktarilir. Bu diizleme aktarilan veriler
katsay1 matrisi ile ifade edilir. Bu katsay1 matrisinin bazi degerleri korunurken bazi degerler ise ihmal
edilir. Daha sonra frekans diizlemindeki veri TAKD doniistimii kullanilarak uzay diizlemine aktarilir.
Boylece orijinal veriden bazi kayiplar verilerek sikigtirilmis veri olusturulur. AKD doénilisiimii igin
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kullanilan formiil denklem1’de verildi. Oncelikle bu denklem kullanilarak uzay diizlemindeki resim
frekans diizlemine aktarildi. Bu matrisler kullanilarak ilgili diizlemler arasinda doniisiimler yapildi.

N-1
N_1
C(u,v) = a(wa(v) E 2 f(xy) (cos (2x ;—Nl)nx +sin 2y ;-Nl)ﬂx) )]
y=0
x=0

Burada a(u) ve a(v) degerleri denklem 2’de gibi hazirlanir ve bu degerlerin 6lgeklendirilmesi olarak

k - 0 se
N

2
2kth' ¥
N ise

TAKD ise denklem3’te gosterildigi gibi gerceklestirilir. Bu veriler kullanilarak frekans
diizleminde bulunan veriler TAKD yeniden uzay diizlemine aktarilir.

N-1
N1
fl,y) = E z a(wa(v)C(u,v) (cos (2x -2|-Nl)nx + sin 2y ;-Nl)nx> )
y=1
x=0

Tasarlanan iiretecte son islem algoritmasi olarak SHA1 kriptografik 6zet fonksiyonu kullanildi.
Bu fonksiyon bir¢ok kriptografik protokoliin ve sistemin temilinde yer alir. Bu fonksiyonlar1 verilen bir
mesaj icin bu mesajin parmak izi olarak ifade edilebilen dzetini olusturur. Ozet ¢ikarma isleminde giris
verisi bazi mantiksal veya cebirsel islemlerden gecirilir ve sikistirilir. Bdylece giris verisindeki
muhtemel zayifliklar ve korelasyon giderilerek giivenli 6zet degerleri iiretilir. Bu fonksiyonlarin genel
yapisi Sekil 2’de verildi. Burada giris mesaj1 bloklara ayrilarak SHA1 algoritmasindan gegirilir. Son
blok islendikten sonra ise 6zet degeri Uiretilir.

Hash fonksiyonlari tarafindan {iretilen 6zet degeri kullanilan fonksiyona baglidir. Farkli hash
fonksiyonlari kullanarak degisen uzunluklarda 6zet degeri liretilebilir. Bununla beraber kullanilan belirli
bir fonksiyon i¢in giris mesajinin uzunlugundan bagimsiz olarak {iretilen Ozet degeri sabit bir
uzunluktadir. Bu problemin iistesinden gelmek ve istenilen uzunlukta ¢ikis verisi liretmek i¢in Sekil 3’te
verilenn yap1 onerildi. Bu yapida kriptografik hash fonksiyonlar1 ardisik baglanarak 6zet degerinin
boyutundan daha biiyiik boyutta rastgele sayilarin liretilmesi saglandi. Her bir adimda alinan 6zet degeri
hem rastgele say1 iiretiminde ve hem de bir sonraki 6zet degerinin hesaplamasi igleminde giris olarak
kullanilir.
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Orijinal
Resim

SHA1
Hesapla

Ozet Degeri

v
( Durdur )

Sekil 2. Kriptografik 6zet fonksiyonlarinin yapisi

Hash Hash

v - Hash o
" | Fonksivomu " | Fonksivonu Fonksivonu

Sekil 3. Tasarlanan Son islem algoritmasinin yapist

3. Onerilen Yontemin Sonu¢ Analizi

Rastgele sayilarin kullanildigi uygulamalarin giivenligi rastgele sayilarin giivenligine baglhdir.
Ciinki bu sayilar bu uygulamalarin en temel ve Onemli pargasini olusturur. Dolayisiyla bu
uygulamalarda kullanilan sayilarin giivenli olmasi bir zorunluluktur. Bu sayilarin giivenli kabul
edilebilmesi i¢in ¢esitli giivenlik parametreleri saglamasi gerekir. Bu parametrelerden ilki rastgele
sayilarin iiretildigi kaynagin ve kullanilan yontemin giivenli olmasidir. Ikinci olarak iiretilen rastgele
sayilar herhangi bir istatistiksel zayiflik icermemelidir. Diger bir énemli parametre ise bu sayilar
kriptografik uygulamalar i¢in gerekli giivenlik gereksinimlerini karsilamalidir. Bununla beraber rastgele
sayilarin iiretim maliyeti diger 6nemli bir parametredir.

Onerilen yaklasim kayipli sikistirmada yaygim kullamlan AKD ve TAKD doniisiimlerine dayanur.
Bu yaklasimla orijinal veriden bazi kayiplar verilerek sikistirilmis veri iiretilir. Burada kayip miktari
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orijinal resimdeki sikisma oranina gore degisir. Burada frekans uzayina aktarilan verinin bazi katsayilari
g6z ard1 edildigi i¢in orijinal resim yeniden tiretilmez. Boylece sikigtirilmig veri iretilirken olusan bu
kayip entropi kaynagi olarak kullanilabilir. Bu ¢aligmada bu entropi kaynagi kullanilarak ham rastgele
sayilar iiretildi. Cizelge 1°de rasgele say: iiretiminde kullanilan orijinal resmin piksel degerleri verildi.
Cizelge 2’de sikigtirilma isleminin ilk adimi olan AKD uygulanan verileri gostermektedir. Cizelge 3°te
TAKD uygulanarak frekans diizleminden uzay diizlemine yapilan doniisiimiinde belirlenen katsay1
degerlerini vermektedir. Cizelge 4’te ise rastgele say1 liretiminde kullanilan ham verilere ait degerlerden

bir kismin1 gotermektedir.

Cizelge 1. Orijinal resmin piksel degerleri

576

1 2 3 4 5 6 7 8 9 10 11 12
1 225 226 225 226 227 228 228 228 227 229 228 227
2 224 225 225 226 227 228 227 228 228 228 228 227
3 224 225 226 226 227 228 228 227 227 229 228 228
4 224 225 225 228 227 226 228 228 228 229 228 229
5 222 225 224 226 226 228 227 228 228 228 228 228
6 223 224 224 226 226 226 227 227 228 228 228 229
7 224 224 225 226 226 226 226 226 227 228 228 228
8 223 223 224 225 226 226 227 227 227 228 226 227
9 224 224 224 226 226 227 228 228 229 227 228 227
10 224 224 225 225 226 228 227 228 229 229 229 228
Cizelge 2. AKD uygulanan 6rnek veriler
1 2 3 4 5
1| 29785.268548935 | 3603.6006282669 | - 1621.0367620252 | -
5 7 1762.6738572141 | 1 2092.8148100998
9 0
2 | 13557.385878640 | 1558.1216927027 | - 634.42129016171 | -
7 4 619.01199500747 | 6 603.34543007665
1 1
3 | 10940.093938826 | 779.34394080099 | - 583.21332475493 | -
9 7 521.38607623483 | 3 827.62945938361
4 9
4 | 85.499501216937 | - - - 974.35782902438
0 2757.8076229132 | 685.66672461063 | 354.22035986818 | 4
8 9 5
5] - - 365.11599345481 | - 702.70634982826
100.69822820358 | 2397.7256428767 | 3 680.76776413132 | 3
7 4 9
Cizelge 3. TAKD uygulanan 6rnek veriler
1 2 3 4 5
1| 0.9015851089411 | 0.9161522000505 | 0.9178059014820 | 0.9390508862937 | 0.9374344864367
95 51 07 54 37
2| 0.9046356808919 | 0.9267774796945 | 0.9197659788204 | 0.9224150439785 | 0.9270464462315
01 00 72 54 55
31 0.9045306289278 | 0.9324461299318 | 0.9277718853286 | 0.9319092018998 | 0.9282959338848
33 00 33 30 07
41 0.9389076318003 | 0.9348412245355 | 0.9145530950416 | 0.9180743975832 | 0.9133471878124
96 32 29 35 85
51 0.9162760588034 | 0.9168415288831 | 0.9118447435356 | 0.9116009112549 | 0.9132425398526
25 39 91 35 93
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1 2 3 4 5
0.3541070951821 | 0.89418678815326 | 0.7856514041724 | 0.3157921625145 | 0.76253624698767
15 3 84 26 9
0.7242892136173 | 0.57598426059149 | 0.9140302764604 | 0.6895677943898 | 0.73245670615540
96 7 37 59 4
0.7112029400390 | 0.06992733108683 | 0.8049467972498 | 0.7887611772957 | 0.07554177236679
44 07 41 83 04
0.9669476102078 | 0.67672338970317 | 0.3939392837652 | 0.3633820265958 | 0.99747376330117
82 0 63 43 3
0.8541411475512 | 0.82703583756170 | 0.6316853525483 | 0.2285204068661 | 0.06871201991887
18 9 45 53 69

Onerilen iiretegteki muhtemel korelasyon ve zayifliklar giderilmesi igin SHA1 kriptografik 6zet
fonksiyonu kullanildi. Bu fonksiyon kriptografik uygulamalar ig¢in gerekli olan gereksinimleri
karsiladigindan iiretilen sayilarin giivenligini garanti eder. R1-R4 olarak ifade edilen bu gereksinimler
iiretilen sayilarin istatistiksel zayiflik icermemesi, yeniden iiretilememesi, geriye dondiiriilememesi gibi
parametrelerdir. Ilk olarak SHA1 fonksiyonu, kriptografik dzet fonksiyonlarinda oldugu gibi tek yonlii
oldugundan 6zet degerinden giris mesaji hesaplanamz [30]. Ayrica kriptografik 6zet fonksiyonlar
cakigsmaya kars1 dayanikli oldugundan farkli giris mesajlar1 i¢in ayni 6zet degerinini iiretilemez. Bu
gereksinimlerin kargilanmasi saglanmasi giivenligi belirleyen iki 6nemli parametredir.

Giivenli rastgele sayi iiretegleri herhangi bir istatistiksel zayiflik icermemelidir. Bu zayifliklar
rastgele sayilari gesitli saldirilara karsi agik hale getirir. SHA1 fonksiyonunun son islem olarak
kullanilmas1 {tretecteki muhtemel istatistiksel zayifliklarin giderilmesini saglar. Rastgele say1
ireteclerini istatistiksel olarak degerlendirmek i¢in histogram analizi yaygm bir sekilde kullanilan
testlerden biridir. Ayrica iiretilen sayilarin diizgiin bir dagilima sahip olmasi iiretilen sayilarin giivenligi
icin diger bir 6nemli parametredir. Sekil 4’te verilen sonuglar iiretilen sayilarin [0-1] araligindaki
dagilimimi vermektedir. Sekilde dikey veriler [0-1] araliginda iiretimini yatay eksende ise iiretilen say1
adedini gostermektedir. Sekilde goriildiigii gibi iiretilen sayilarin bir diizgiin dagilima sahip oldugunu
ve iiretecin glivenli oldugunu gosterir.

0.8 F I

0.7 Il i

Sekil 4. Kullanilan Ham verilerin {iretim araligt
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Histogram analizi istatistiksel analizde yaygin kullanildigindan iiretilen sayilarin analizinde de
kullanildi. Béylece iiretilen rastgele sayilar istatistiksel olarak analiz edilir ve iiretegteki muhtemel
istatistiksel zayifliklar tespit edilir [31]. Histogram analizinde elde edilen diizgiin dagilim Onerilen
yontemin giivenli oldugunu ve istatistiksel zay1flik igermedigini gosterir. Onerilen yontemle ilgili test
sonuclart Sekil 5'te verildi. Sekildeki yatay eksen verilen araliktaki sayilar1 gosterir. Sekildeki dikey
eksen rastgele sayilarin iiretim adedini gosterir. Burada iiretilen adedinin bir birine yakin oldugunu ve
diizgilin bir dagilima sahip oldugunu gosterir.

1500

1000

Sekil 5. Uretilen ham verilerin histogram dagilimlari

4. Sonuglar

Rastgele sayilar bircok uygulamanin 6nemli bir par¢asini olusturur. Bu sayilar atmosferik veri,
elektriksel giiriiltii gibi farkli kaynaklardan iiretilebilir. Bu ¢aligmada ayrik kosiniis doniigiimiinii temel
alan kayipl sikistirma islemleri kullanilarak rastgele sayilar iiretildi. AKD uzay diizlemindeki verileri
frekans diizlemine aktarilir. Frekans diizlemine aktarilan veriye ait katsay1 matrisindeki bazi katsayilar,
insan gérme duyusu dikkate alinarak korunurken bazisi ise ihmal edilir. Bdylece orijinal resim bazi
kayiplar verilerek sikistirilir. Daha sonra frekans diizlemindeki veriler TAKD kullanilarak yeniden uzay
diizlemine aktarilir. Bu sayialar1 uzay diizleminde ifade etmek i¢in veriler yuvarlanir ve kayiplar olusur.
Bu calismada bu kayiplar entropi kaynagi olarak kullanilip rastgele sayilar iiretildi. Uretilen saylardaki
muhtemel zayifliklarin giderilmesi i¢in son iglem algoritmasi olarak SHA1 kriptografik 6zet fonksiyonu
kullanildi. Bu fonksiyonun tek yonlii ve cakismaya dayanikli olmas iiretilen sayilarin giivenli olmasini
saglar. Boylece basta kriptografik uygulamalar olmak iizere bir¢ok alanda gerekli olan giivenlik
gereksinimleri karsilanir. Histogram analizi kullanilarak iiretilen sayilarin herhangi bir istatistiksel
zayiflik icermedigi gosterildi.
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ABSTRACT

Analysis of the free and forced vibration responses of beams is one of the most critical problems to be examined
in the design step of these structural members. The finite-element method which solves boundary value problems
can be applied efficiently to vibration problems. In this study, the natural vibration frequency, damped and
undamped transient analyses of the pinned-pinned beams are investigated. The well-known finite-element software
packages, ANSYS and SAP2000, are used. The 2-D elastic beam which is based on the Euler-Bernoulli Beam
theory, 3-D two-node and 3-D three-node beam elements which are based on Timoshenko beam theory, and four-
node shell elements are used in ANSYS, and the frame member is utilized in SAP2000. The effect of these
elements on the dynamic behaviors of the isotropic beam is discussed. The results are given in tabular and graphical
form for the free and forced vibration, respectively.

Keywords: Free Vibration, Forced Vibration, Beam, Finite-Element Method, Viscoelastic

SONLU ELEMAN MODELLEME TEKNIKLERININ KiRISLERIN
DINAMIK ANALIZINE ETKIiSI

OZET

Kiriglerin serbest ve zorlanmig titresim davraniglarin analizi, bu yapt elemanlarinin tasarim asamasinda
incelenmesi gereken en kritik problemlerden biridir. Smir deger problemlerini ¢ézen sonlu elemanlar yontemi,
titresim problemlerine de etkin bir sekilde uygulanabilir. Bu ¢alismada, iki ucundan sabit mesnetli kiriglerin dogal
titresim frekanslari ile soniimlii ve soniimsiiz zorlanmis titresim analizleri incelenmistir. Analizlerde, iyi bilinen
sonlu eleman yazilim paket programlart ANSYS ve SAP2000 kullanilmistir. ANSYS'te Euler-Bernoulli Kiris
teorisine dayanan 2 boyutlu elastik kiris, Timoshenko kiris teorisine dayanan 3 boyutlu iki diigiimlii ile 3 boyutlu
¢ digimli kiris elemanlart ve dort digiimlii kabuk elemanlar kullanilirken SAP2000'de ise gerceve elemant
kullanilmistir. Bu elemanlarin izotropik kirisin dinamik davraniglart iizerindeki etkisi tartigilmigtir. Sonuglar,
serbest ve zorlanmis titresim igin sirasiyla tablo ve grafik seklinde verilmistir.

Anahtar Kelimeler: Serbest Titresim, Zorlanmis Titresim, Kirig, Sonlu Elemanlar Yontemi, Viskoelastik.

1. Introduction

Beams are widely used in many engineering applications as structural members therefore
understanding their vibration behaviors is an important case. The finite element is one of the most
common methods in the analysis of vibration problems of beams., Kapur [1], Thomas and Abbas [2]
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Gupta and Rao [3], Dawe [4], Chen and Yang [5], and Ahmed [6] can be cited as pioneering studies
concerning finite-element and beam vibration. Hereafter, the vibration of beam problems solved by the
finite element method will be discussed. Yang et al. [7] have studied the free in-plane vibration of
generally curved beams with variable curvatures, shear deformation, and rotary inertia using the
Galerkin finite element method. Natural vibrations of laminated and delaminated beams have been
investigated using a mixed finite-element model by Ramtekkar [8] and Ramtekkar et al. [9].

The vibration of axially or transversely Euler—Bernoulli beams is studied by Alshorbagy et al.
[10] wusing the principle of virtual work. Jafari and Eftekhari [11] have presented a coupled finite
element-differential quadrature formulation for the forced vibration of beams subjected to moving
dynamic loads. Yang et al. [12] studied the dynamic buckling of the thin walled beams with the aid of
spline finite element.

Euler—Bernoulli and Timoshenko cross-ply beams are investigated to determine the natural
frequencies by Madenci and Ozutok [13] using the Géateaux differential approach and finite element.
Javid and Hemmatnezhad [14] have studied the large-amplitude oscillations of heterogeneous Euler-
Bernoulli beams by employing the von Karman type nonlinear strain-displacement relationship. Vo et
al. [15] have examined the vibration and buckling behaviors of functionally-graded sandwich beams. In
their study, a refined shear deformation theory with the combination of the finite-element method is
applied to determine the natural frequencies and corresponding mode shapes, critical buckling loads,
and load—frequency curves. Rakowski and Guminiak [16] have presented the finite-element solution to
non-linear free vibration characteristics of isotropic Timoshenko beams.

The natural frequencies of the composite coated beams with isotropic core have been investigated
by Tekili et al. [17]. Enriched finite-element methods have been developed by Hsu [18] to investigate
the vibration behavior of beams using hierarchical approximation and partition of unity method where
Timoshenko beam theory is considered. The free vibration and buckling analyses of heterogeneous
beams are conducted by Kahya and Turan [19]. In their study, the first-order shear deformation and
element with five nodes and ten degrees of freedom are used. Natural frequencies of there-dimensional
Timoshenko sandwich beams are determined by Hui et al. [20] where a hierarchical one-dimensional
unified formulation is adopted to the finite-element method. Karkon [21] has presented an efficient
finite-element method to tackle the vibration, bending, and stability analyses of Timoshenko beams.
Eroglu and Tufekci [22] have studied in-plane free vibration of planar curved beams with variable
curvature, and cross-section. The free vibration of tapered bi-directional heterogeneous beam is studied
by Nguyen and Tran [23] using hierarchical approximation and the first-order shear deformation theory.
Pegios and Hatzigeorgiou [24] have investigated the free and forced vibration behaviors of the Euler—
Bernoulli beam.

To the best of the authors' knowledge only there are few available works that directly dealt with
the type of element for the free vibration of structural elements in the open literature. Using the
appropriate element type in the dynamic analysis of beam structures via the FEM is an important factor
that affects the accuracy of the results. In this regard, this research focuses on the element type for the
vibration problems of beams. Several finite element types which are generally used in the FEM are
compared for the free vibration and forced vibration analysis. The material of the beam is assumed to
be isotropic and homogenous. In the viscoelastic analysis, the Rayleigh damping matrix is applied and
the mass proportional Rayleigh damping coefficient is assumed to be zero. To present this study in
better means, it is ordered as follows: Section 2 provides information about the details of the analysis.
Section 3 shows the results and discussion and finally, Section 4 is dedicated to the most important
conclusion of this study.

2. Material and Methods

A beam having a rectangular cross-section with length L, depth /# and width b is examined. The
simulated boundary condition is pinned-pinned and the beam geometry is uniform for the sake of
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simplicity. Steel and Aluminum are used in the analysis as the beam materials. The illustration of beam
with its boundary conditions is given in Figure 1.

]

»l
[ il

Figure 1. Illustration of homogeneous isotropic beam with pinned ends

The finite element applications on the dynamic analysis of beam are conducted using two different
software packages as ANSYS and SAP2000. The element types used in ANSYS are BEAM3,
BEAMI188, BEAM189, and SHELL181, respectively.

BEAM 3 is a two-node uniaxial beam element in 2-D having tension, compression, and bending
capabilities. The element has three degrees of freedom at each node that are translations in the x and y
directions and rotation about the z direction. BEAM 3 uses Euler-Bernoulli beam theory where the shear
deformations are neglected. BEAM188 uses Timoshenko beam theory where the shear deformation
effects are considered. The two-node element in 3-D may be linear, quadratic, or cubic. The degrees of
freedom at each node are six or optionally seven having translations in and rotations about the x, y, and
z directions. BEAM 189 uses the same theory and degree of freedom with BEAM188, however, it is a
quadratic three node beam element in 3-D. Both elements are proper for slender to moderately thick
beams. SHELL181, based on Mindlin-Reissner shell theory, is a linear four node element. The element
has six degrees of freedom at each node as the translations in and rotations about the x, y, and z axes. It
is mainly used for the analyzing thin to moderately thick shells. For more detailed information about the
restriction and assumptions of these finite element types please see [25].

The SAP2000 offers frame, hinge, cable, shell, plane, asolid, solid, link and tendon elements and
the frame element is used in this study. The frame element is based on 3-D beam-column formulation
may be prismatic or nonprismatic. The element includes the effects of biaxial bending and shear
deformations, torsion and axial deformation and is proper for beams, columns, braces, and trusses in 2-
D and 3-D structures [26].

3. Results and Discussions

The material properties used in this paper are: Eg, =210 GPa, pg, = 7850 kg/m’, v, = 0.3 and
E 4 =70GPa, p, =2707 kg/m®, v4; =0.3. The geometric properties are: 2 = 0.125 m, b = 0.125 m,

and L = 0.5 m. Effects of the element type on the free vibration, damped and undamped forced vibration
are studied and comprehensive numerical examples are presented hereafter. As a first step, a
homogeneous beam with simply-supported ends is considered for the free vibration, and the first 15
natural frequencies of steel and aluminium beam are determined using different elements. The tabulated
results are given in Tablel and 2 and compared with those of Li [27] for the purpose of verifying.

As it can be seen from the Table 2 and 3, each of ANSYS results with all elements considered
here is closer to the exact solution of Li [27] than those of the SAP2000. Also, comparing with other
ANSYS elements, BEAM188 provides more accurate results. Natural frequency and SAP2000 analyses
are concluded here.
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Table 1. First 15 natural frequencies (Rad/s) of homogeneous beam with pinned ends (Steel)

Mode Li [27] BEAM188 BEAM189 BEAM3 SHELL181 SAP2000
1 6728.89 6717.35 6716.73 6712.33 6714.21 6838.20
2 22279.03 22181.53 22173.99 22136.92 2214446 | 22963.49
3 41094.04 40833.16 40806.78 40708.76 40701.85 | 42184.48
4 60889.98 60424.76 60362.56 60194.80 60135.11 61678.20
5 80895.78 80217.43 80098.05 79865.57 79702.21 64721.27
6 82755.11 81568.31 81574.59 81166.19 81147.34 | 80592.34
7 90616.10 89478.84 89485.13 89108.13 88523.80 | 96582.80
8 100855.65 99965.48 99770.70 99487.96 99469.11 98689.99
9 109474.39 108416.36 108422.65 108102.20 106412.03 | 115887.89
10 120693.16 119619.28 119311.41 119009.81 118299.81 | 127848.87
11 133540.31 132568.93 132562.64 132317.60 132053.71 | 132130.93
12 140396.00 139166.27 138720.17 138424.86 138519.10 | 147365.39
13 159973.97 158625.30 158003.26 157745.65 158380.25 | 158326.72
14 160222.27 159354.15 159316.45 159178.22 159077.69 | 161533.53
15 179443.08 178015.21 177179.54 177009.90 176991.05 | 174575.48

Table 2. First 15 natural frequencies (Rad/s) of homogeneous beam with hinged ends (Al)

Mode Li [27] BEAM188 BEAM189 BEAM3 SHELL181 SAP2000
1 6615.66 6604.26 6603.63 6599.23 6601.11 672391
2 21904.14 21808.31 21801.40 21764.33 21771.87 22579.70
3 40402.57 40146.41 40120.02 40023.89 40016.98 41479.45
4 59865.40 59408.15 59347.20 59181.95 59122.89 60647.36
5 79534.57 78866.54 78747.16 78520.97 78363.89 63639.56
6 81362.61 80198.58 80198.58 79802.74 81430.08 79245.42
7 89091.33 87970.88 87977.16 87606.45 87034.68 97040.76
8 99158.58 98287.87 98093.09 97816.63 97483.62 97040.78
9 107632.30 106587.96 106600.52 106280.08 104621.32 113951.03
10 118662.29 117602.38 117307.07 117005.48 116308.04 125712.15
11 131293.26 130338.40 130332.11 130093.35 130910.17 129922.64
12 138033.60 136822.64 136389.10 136093.79 136188.04 144902.44
13 157282.14 155954.94 155345.47 155094.15 154440.69 155680.62
14 157526.26 156671.23 156633.53 156495.30 156401.05 158833.84
15 176423.64 175018.13 174195.03 174031.67 174012.82 171656.62

As the elasto-dynamic cases, the maximum vertical displacement and moment are examined. The
load type applied to beams for undamped forced vibration is depicted in Figure 2.

P(t)

I _____________________________ .

Figure 2. The dynamic load function for the undamped forced vibration
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The maximum vertical displacement and moment responses of aluminum and steel beams are
illustrated in Figure 3 and 4. It can be observed in the given figures that periods and amplitudes of the
vibration are greater when Al is used as the material of the beam.

0.003

0.001 A

-0.001 A

-0.003

\ 1 — —Al Steel

-0.005

Max. vertical displacement (mm)

-0.007 T T T T T T
0.000 0.001 0.002 0.003 0.004 0.005 0.006 0.007
Time (sec.)

Figure 3. The maximum vertical displacements versus time for Steel and Aluminum beam
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Figure 4. The maximum moments versus time for Steel and Aluminum beam

The influences of element types of ANSY'S on the undamped forced vibration of aluminum beam
are shown in Figure 5 and 6. The results of BEAM188 and BEAM189 overlap, since both of these
elements are based on first-order-shear deformation theory. Note that aluminum is used as the beam
material for all the element type analyses hereafter to satisfy a comprehensive reading. The shear
deformation is not considered in BEAM3, for this reason the amplituted and periods differ from those
of BEAM188 and BEAM189.
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Figure 5. (a) Maximum vertical displacement versus time (b) its detailed illustration between 0.0050
and 0.0070 seconds for undamped vibration.
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Figure 6. (a) Maximum moment versus time (b) its detailed illustration between 0.0040 and 0.0060
seconds for undamped vibration.

The step load function shown in Figure 7 is used for the element type investigation of damped
forced vibration. Note that ANSYS offers many forms of damping and in this study, the Rayleigh
damping matrix is applied and the mass proportional Rayleigh damping coefficient () is ignored. The
coefficient of damping, g, is calculated from values of & (the ratio of actual damping to critical damping),
and w; by p=2 &/ w: , and w; is the first fundamental frequency of the structure here.
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Figure 7. The dynamic load function for the undamped forced vibration

The viscoelastic response of beam are illustrated in Figures 8 and 9 for the maximum vertical
displacement and maximum moment, respectively. From the figures, the results obtained by using Beam
elements are in exact agreement with each other, however, results obtained by using SHELL181 do not
overlap those of BEAM3, BEAM188 and BEAM189.
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Figure 8. (a) Maximum vertical displacement versus time (b) its detailed illustration between 0.0080
and 0.0100 seconds for damped vibration.
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Figure 9. Maximum moment versus time for damped vibration

4. Conclusions

In this study, the finite-element method is used for the vibration problems of homogeneous
isotropic beams. BEAM3, BEAM188, BEAM189 and SHELL181 are compared for free vibration and
forced vibration analysis of the beams. BEAM 3 is based on the Euler-Bernoulli beam theory or classical
beam theory. BEAM188 and BEAMI189 are based on the first order shear deformation theory.
SHELLI181 is based on the Mindlin-Reissner shell theory. The influence of the type of element on the
free vibration response of the beams is obvious. Results of ANSY'S are closer to the exact solution than
those of the SAP2000. It is suggested to use BEAM188 or BEAM 189. In the elastic case results of
BEAMI188 and BEAM189 overlap, because both of these elements are based on FSDT. In the
viscoelastic case, it is concluded that results obtained by using SHELL181 do not overlap those of
BEAM3, BEAM188 and BEAM189.
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OZET

Bu calismada i¢ borusu helisel tip olan bir es merkezli ve i¢ ice borulu 1s1 degistiricide paralel akig sartlarinda 1s1
transferini iyilestirmek amaciyla nanoakiskan kullaniminin 1s1 transferine olan etkisi incelenmistir. Calismanin
amaci grafit-saf su nanoakiskani kullanarak 1s1 degistiricide 1s1l verimliligin arttirtlmasidir. Deney setinde saf
suyun igerisine %0,25 hacimsel oranda grafit siispanse edilmis ve nanoakiskan kullaniminin saf suya gore 1s1
transferine ve etkinlik katsayisina olan etkisi deneysel olarak incelenmistir. Sicak akigkan olarak grafit-saf su
nanoakiskani, soguk akiskan olarak da saf su kullanilmistir. Calismada sicak su debisi 3 1/dk, giris sicakligi 55 °C
degerinde sabit alinmigtir. Sicak akiskanin soguk akiskana debi oranlarinin 1, 0.75, 0.5 ve 0.25 olmasi igin, soguk
akiskan debisi 3, 4, 6 ve 12 1/dk olmak iizere dort farkli degerde alinmistir. Saf su ve nanoakiskan ile yapilan
deneylerden elde edilen veriler kullanilarak hesaplamalar yapilmis ve karsilagtirilmistir. Elde edilen sonuglara gore
bu 1s1 degistiricide grafit-saf su nanoakigkanin kullanilmasinin 1s1l verimliligi artirdig1 gézlemlenmistir. Sistem
kararli hale geldikten sonra alinan verilerde grafit-saf su nanoakiskanin saf suya gore paralel akista 3 1/dk debide
%13,23 iyilestirme oranina sahip oldugu gézlemlenmistir.

Anahtar Kelimeler: Is1 degistiricisi, Nanoakiskan, Grafit, Saf su, Etkinlik, Helisel boru, Nano partikiil.

IMPROVING THE PERFORMANCE OF HEAT EXCHANGERS USING
GRAPHITE CONTAINING NANOFLUID

ABSTRACT

In this study, the effect of nanofluid usage on heat transfer was investigated in order to improve heat transfer by
using a spiral tube in a double tube type heat exchanger. When nanofluid and pure water are used in the study, the
effect of heat transfer and efficiency coefficient and comparison of these two were experimentally investigated.
The hot water flow rate was kept constant at 3 I/min and the temperature at 55°C. The ratios of hot and cold fluid
flow are taken as 1, 0.75, 0.5 and 0.25. In other words, the cold fluid flow rate was given to the system as 3,4,6,12
I/min and observations were made. As a result of the results obtained, it was observed that nanofluid is efficient in
this type of heat exchanger. In the data obtained after the system stabilizes. In the data obtained after the system
became stable, it was observed that it had an improvement rate of 13.23% at a flow rate of 3 1/min in parallel flow
compared to graphite water.

Keywords: Heat exchanger, Nanofluid, Graphite, Pure water, Effectiveness, Spiral Tube, Nanoparticle

1. Giris

Glniimiizde teknolojinin gelismesine bagli olarak endiistride duyulan ihtiyaclar 6nemli oranda
degismeye baslamustir. Ozellikle son dénemlerde artan enerji ihtiyaci ile birlikte enerjinin daha verimli
kullanimu igin yapilan ¢alismalar artmistir. Iklimlendirme, 1s1tma ve sogutma sistemleri ¢alisma yapilan
alanlarin basinda gelmektedir. Is1 transferi ¢aligmalarinda farkli akigkanlar kullanilmaya baglanilmistir.
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Son yillarda nano boyutlardaki pargalarm {iiretimi ve sivilara siispanse edilmesi ile olusan
nanoakiskanlar olduk¢a dikkat ¢ekmektedir. Nanopartikiillerin 1s1l iletkenlik katsayilarinin yiiksekligi
nedeniyle bu materyaller geleneksel sivilardan daha iyi 1s1l iletkenlige sahiptir. Sivilara siispanse edilen
bu nano parcalar saf metaller, alasimlar ve oksit bilesenlerden olugsmaktadir. Nanoakiskan
olusturulurken su, yag, etilen ve glikol gibi sivilar tercih edilmektedir. Isil performansa etki eden baglica
parametrelerden olan 1si1l iletim katsayisi ve ylizey alani, nanoakigkanlar tarafindan artirildigi igin
verimli sistemler elde edilmektedir. Fakat nanoakiskanlar olusturulurken tam homojen bir karisim elde
edilemedigi i¢in basta ¢okelme, basing diisiisli olmakta ayrica sistemlerde aginmalar olabilmektedir. Isil
performanslarimin yiiksek olmasi gbz 6niine alindiginda bu gibi olumsuzluklari gidermek i¢in ¢cok sayida
caligma yapilmaktadir. Bu tiir avantaj ve dezavantajlart géz oniinde bulundurarak bir¢cok deney ve
calisma da deney akiskani olarak nanoakiskanlar kullanilmaktadir.

Xuan ve ark. [1] ¢aligmalarinda; nanopartikiillerin eklenmesi ile is yapan akigkanin 1s1 transferi
performansinin 6nemli derecede iyilesmesine neden olan temel fiziksel olaylar1 incelemislerdir. Netice
olarak akiskan igerisine siispanse edilen partikiillerin akigkanin ylizey alanini ve 1sil kapasitesini
blyiittiigiinii, nanopartikiillerin akigkan efektif 1s1l kapasitesini artirdigini, akiskanin ¢alkantilarinin ve
tiirbiilans siddetinin arttigini, partikiiller arasindaki etkilesim ve ¢arpigmalarin akigkanin yiizey alaninin
artmasina neden oldugunu tespit etmislerdir. Chein ve Chuang [2] yaptiklart ¢alismada, CuO-su
akigkaninin sogutma performansini gozlemlemislerdir. Akiskan tarafindan tutulan 1s1l direng, enerji ve
basing kayiplar1 bir yana, optik mikroskopla gézlemlenen nano pargaciklarin ¢okiintii goriintiilerini
ortaya ¢ikarmiglardir. Sistemde nanoakigkan gecen mikro kanallarin, su gecen mikro kanallara gére daha
fazla 1s1 tuttugunu ve daha diisiik duvar sicakliklarina ulasildigini tespit etmislerdir. Sundar ve ark. [3]
yaptiklart c¢alismada, sabit 1s1 akisinda dairesel boruda akan MWOCNT-Fes;O4/su  hibrid
nanoakigkanlarinin, tiirbiilansli akis icin 1s1 transfer katsayisi ile siirtiinme faktoriinii incelemislerdir. Bu
calisma %0,3’liik bir partikiil oraninda 22000 Reynolds sayisinda, Nusselt sayisinda %31,1 artig ve
%18’lik basing diisiisii oldugunu gostermistir. Khedkar ve ark. [4] es merkez borulu 1s1 degistiricisinde
TiO»-su nanoakigkani ile 1s1 transferini incelemislerdir. Ayni1 Reynolds sayisi araliginda nano partikiil
eklenmesi, baz akiskandaki 1s1l performansi arttirmis ve baz akiskana gore daha yliksek 1s1 transfer
katsayis1 elde edilmistir. Noghrehabai ve Rashid [5] yaptiklar1 ¢calismada sabit 1sida ve dairesel tiipte
nanoakigkanlarin 1s1l performansini goézlemlemislerdir. Saf su ile karsilagtirma yapildiginda
nanoakiskan %0,9 hacim konsantrasyonunda Reynolds sayisinin 2070 oldugu degerde ortalama 1s1
transferinin %16,8 arttig1 goriilmiistiir. Kiling ve ark. [6] ara¢ radyatoriindeki 1s1 transferini artirmak igin
saf su, grafen oksit ve grafen nano ribon nanoakigkanlarini kullanarak deneysel ¢alisma yapmislardir.
Farkli debi ve farkli sicakliklarda deneyler yaptiktan sonra, 1s1 transfer katsayisindaki en yiiksek artisi
9%0,01 su tabanli grafen oksit i¢in %8,7 ve %0,01 su tabanli grafen nano ribon i¢in %18,9 bulmuslardir.

Bu calismada i¢ borusu helisel boru olan ¢ift borulu 1s1 degistiricisinde nanoakiskanin 1s1l
performansa etkisini 6lgmek i¢in saf su ile nanoakiskan kiyaslanarak deneyler yapilmis ve sonuglar
incelenmigstir. Hazirlanan sistemde sicak akigkan sicakligi (55°C) sabit tutulmustur. Soguk akiskan 4
farkl debide (3 I/dk, 4 I/dk, 6 I/dk ve 12 1/dk) olmak iizere paralel akis sartlari i¢in ayr1 ayr1 deneyler
gerceklestirilmistir. Elde edilen veriler ile Reynolds sayisindaki degisim, Nusselt sayisindaki degigim,
1s1 transfer hizindaki degisim ve 1s1l etkinlik degerleri hesaplanmustir.

2. Materyal ve Metod

2.1. Deneysel Sistem

Deney seti Inénii Universitesi Miihendislik Fakiiltesi Makine Miihendisligi Laboratuvarina
kurulmus ve deneyler gerceklestirilmistir. Deney i¢in grafit nano partikiilleri saf su igerisine hacimce
%0,25 oraninda eklenerek Reynolds sayisi, Nusselt sayisi, 1s1 transfer hizi ve 1s1l etkinlik incelenmistir.
Deney setinin sematik gosterimi Sekil 1°de verilmistir. Deney seti ¢ift borulu 1s1 degistirici, sirkiilasyon
pompasi, 1sitici depo, debi dlger ve sicaklik kontrol cihazlarindan olugmaktadir. Akigskan Debisinin sabit
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tutulmasi i¢in sirkiilasyon pompasi kullanilmistir. Kullanilan pompanin debisi 3 1/dk’dir. Isitma
sisteminin sabit 1s1 sartlarina gore ayarlanabilmesi i¢in elektrikli ayarli rezistans kullanilmigtir. Soguk
akigkanin debisini kontrol edebilmek ve bu akisi dogrulamak igin debi Olger ve ayarli vanadan
faydalanilmistir. Deney setinde sistemdeki akiskanlarin sicakliklarini kontrol altina tutmak ve dogru
veri almak i¢in sicak ve soguk akiskan giris ve cikislarina birer adet olmak iizere toplam 4 adet Tekon
marka K tipi termokupl eklenmistir. Bu termokupllardan alinan veriler Elimko marka E-58 modelindeki
sicaklik kontrol cihazi ile kaydedilmistir.

Pompa

Iz Degistiricisi

Sicakhk Kontrol Cihan

Sekil 1. Deney setinin sematik gosterimi

Deney setinin farkli agilardan fotografi Sekil 2’de verilmistir.

Sekil 2. Deney setinin farkli agilardan goriiniimii
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2.2. Nano Partikiil, Saf Suyun Ozellikleri ve Nanoakiskanin Hazirlanmast

Yapilan deneyde grafit nano partikiilleri ve saf su ile olusturulan nanoakiskan kullanilmistir.
Grafit ve saf suya ait teknik ve termofiziksel 6zellikler Cizelge 1°de gosterilmistir. Ultrasonifikator ve
homojenizatdr kullanilarak hacimce %0,25 konsantrasyonda nanoakiskan olusturmak icin 8 litre saf
suya 46 gr grafit parcaciklari eklenmistir. Ultrasonikfikator cihazi ultrasonik titresimler saglayarak
nanoakiskanda nano partikiillerin ¢okelmesini engellemek igin kullanilmigtir. Nanoakigkanin kararl
hale gelebilmesi i¢in 5 saat siiresince kullanilan Hiel Sher Up 400 ST ultrasonifikator cihazi 400 watt
giice ve 63 Hz'lik frekansa sahiptir. Nanoakiskan Inonii Universitesi Gida Miihendisligi
Laboratuvarinda hazirlanmigtir. Nanoakigkanlarin hazirlanma siirecine ait homojenizator ve
ultrasonifikator cihazlarinin goriiniimii Sekil 3’de verilmistir.

Sekil 3. Homojenizator ve ultrasonifikator

Cizelge 1. Grafit ve saf suyun termofiziksel 6zellikleri

Grafit Saf Su
p (kg/m?) 2300 992
Cp (J/kgK) 711 4182
k (W/mk) 168 0,618
M (mPa.s) - 0,62
2.3. Teorik Analiz
2.3.1. Hesaplama Yéntemi
-Kesit alan1 (m?)
.d?
A = Tdic 2.1
4
-Yiizey alani (m?)
Ayiizey =m-di-L 2.2)
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-Sicak suyun hiz1 (m/sn)
_
vy = oA (2.3)

-Sicak akigkanin birim zamanda verdigi 1s1 (W)

Qn = m.cp,. (Tn, = Thy) (2.4)
Burada nanoakigkanin 6zgiil 1sis1 (Cp) Xuan ve Roetzel modeli kullanilarak hesaplanmaktadir

[7].

_ ¢-(Pn-CP,n)+(1—@)—(pf.cp’f)
Cpmf =
' Pnf

2.5)

Denklem 2.5’deki yogunluk, saf su i¢in soguk su tablolarindan okunmaktadir, nanoakigkan
yogunlugu ise Pak ve Choi modeli ile 2.6 nolu denklem ile tahmin edilmektedir [8]. Burada p yogunlugu,
n nano partikiilleri, f temel siviy1 ve nf nano siviy1 temsil etmektedir. ¢ ise nano partikiiliin hacimsel
oranini simgelemektedir.

Pnp =@ ppn+ (1= ).pf (2.6)
-Ortalama logaritmik sicaklik farki (K)

— (Thl _TY1)_(T’12 _TJ’Z)

ATypg = ) 2.7)
(Thy=Ty,)

-Is1 Taginim Katsayis1 (W/m?K)

Qn = U.As. ATy (2.8)

vA = % (2.9)
Boru et kalinligi ¢ok diisiik oldugu i¢in ihmal edilirse;

U=h; (2.10)

Elde edilir ve

Qn=h.Ay - 41,5 (W) (2.11)

Buradan;

h=—Sr (2.12)
Ay-ATiog

-Nusselt Sayis1

des = dj; (2.13)

Nu = % (2.14)

Nusselt sayis1 hesabinda 1s1l iletkenlik saf su i¢in yine tablolardan okunmustur. Nanoakigkan i¢in

ise Maxwell-Garnet modeli ile denklem 2.12 kullanilarak hesaplanmistir [9].
kn+2kp—20(ks—kn)
T ken+2kp+0(kp—ky)

knp = (2.15)

Burada gecen ¢ nano partikiillerin hacimsel oranin1 vermektedir ve denklem 2.16 ile
hesaplanmaktadir. m,, ve my partikiillerin ve kullanilan temel sivinin kiitlesidir.
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mn

—_Pp
¢ = m:ﬂ
pP1 Pf
-Reynolds Sayisi
Vp-d
Re = PVhQes
Hh
-Etkinlik Degeri [10]

Qgercek
& = 2gers
Qmax

Qgercek = Mp.Cpy,. (Thz - Thl)
Qmax = M. Cp,.- (Th1 - Tcl)
-lyilestirme Orani

Egrafit—Esu

Esu

ile hesaplanmaktadir.

3. Bulgular ve Tartisma

596

(2.16)

(2.17)

(2.18)

(2.19)

(2.20)

2.21)

Yapilan bu ¢aligmada paralel akis sartlarinda 1s1 verimlilik gézlemlenmistir. Deney setinde paralel
akig sartlarinda sicak akiskan (saf su ve nanoakiskan) sabit sicaklikta ve debide, soguk akiskan(saf su)

3,4,6 ve 12 1/dk hacimsel debide iken 1s1 transfer degisimi incelenmistir.

Deney akigskani olarak grafit-saf su nanoakiskani kullaniminin 1s1l verimliligi artirdigi
gozlemlenmistir. Paralel akigta bu iki sivinin 1s1 transfer hizinin karsilastirilmasi Sekil 4’de verilmistir.

5000
4500
4000
3500
3000

Isi transfer hizi (w)

2500

2000

e Saf su

3.00

4.00

Grafit-Saf su

Debi (I/dk)

6.00

12.00

Sekil 4. Is1 transfer hizinin debideki degisimi

Temel s1viya katilan nano partikiiller 1s1 transfer hizini1 olumlu yonde etkilemektedirler [11-12].
Grafit-saf su nanoakigkani, saf suya gore 3 I/dk debide %11,51, 4 1/dk debide %8,69, 6 1/dk debide
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%7,62 ve 12 1/dk debide %2.21 daha yiiksek 1s1 transfer hizina sahiptir. Is1 transfer hizinda artis farks,
diisiik debilerde daha belirgindir.

Akigkanlarin 1s1] etkinligi denklem 2.18 ile hesaplanmis olup nanoakigkanin 1s1l etkinlige olan
etkisi gozlemlenmistir. Akiskanlar arasindaki 1s1l etkinlik farki Sekil 5°de gosterilmektedir. Isil etkinlik
katsayisinda 3 1/dk debide %40,83, 4 I/dk debide %38, 6 1/dk debide %37,3 ve 12 1/dk debide %29,71
oraninda grafit- saf su nanoakigkaninin kullaniminin daha iyi oldugu goériilmiistiir.

e Saf su Grafit-Saf su

0.9

0.8

0.7

0.6

0.5 _—
0.4 —

0.3

0.2

0.1

Isil etkinlik (€)

3.00 4.00 6.00 12.00
Debi (L/dk)

Sekil 5. Isil etkinlik farka

Grafit nano partikiillerin termofiziksel 6zellikleri nedeniyle, akigkana siispanse edildiginde yiizey
alanim arttirdigindan 1s1 transfer hizini1 etkilemesi beklenmektedir. Sekil 6’da deney akiskani olarak
kullanilan grafit-saf su nanoakiskani ve saf su arasindaki 1s1 tasinim farki goriilmektedir.

e Saf su Grafit-Saf su
3500
3000
2500
2000
1500

1000

Ist taginim katsayisi (w/m?2k)

500
3.00 4.00 6.00 12.00
Debi (I/dk)

Sekil 6. Is1 taginim katsayisinin degisimi

Is1 tasmim katsayisinin 1s1 iletim katsayisina orani olan Nusselt sayisi denklem 2.14 ile
hesaplanabilir. Yapilan calismada Nusselt sayisinin debiye gore degisimi gdzlemlenmistir. Bu sonuglar
Sekil 7°de verilmistir. Grafit-saf su nanoakiskaninin kullanildig1 deneyde saf su ile yapilan deneylere
gore Nusselt sayisindaki artislar 3 ve 4 1/dk debilerde %14,1, 6 1/dk debide %19,7 ve 12 I/dk debide
9%3,99 oraninda olmustur.
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- 60
= 50
: 5 /
>
© 30
D 20
(%]
3 10
2
3.00 4.00 6.00 12.00
e Saf su 27.28453592  33.42056495 37.89978815 @ 47.70810438
e Grafit-Saf su 31.13582981 | 38.16428277 @ 45.29151441  49.61222134
Debi (I/dk)

e S3f SU e Grafit-Saf su

Sekil 7. Nusselt sayisindaki degisim

4. Sonuc¢

Yapilan deneyde i¢inde sicak akiskan olarak saf su bulunan ¢ift boru tipli 1s1 degistiricinin
icerigini degistirip suya grafit nano partikiillerinin slispanse edilmesi ile 1s1 transferinin, etkinlik
katsayisiin ve iyilestirme oranlarinin farkli debilerde etkileri incelenmistir.

Calismada grafit/saf su bazli nanoakiskan kullanilarak, 1s1 transfer hizi, toplam 1s1 transferi ve
Nusselt sayis1 gibi termal performans degerlerinde saf suya gore iyilestirmeler yapilmigtir. Deneyde elde
edilen verilere gore sicak akigkana nano partikiil olarak grafit eklenmesi 1s1 transferini artirmistir. Elde
edilen sonuglar literatiirdeki ¢caligsmalarla benzerlik gostermistir.

Grafit-saf su nanoakigkanmin kullanildigi deneyde 1s1l performansin saf su ile yapilan deneye
gore daha iyi oldugu goriilmiistiir. Ayn1 zamanda Nusselt sayisinin daha yiiksek degerlere ulagtigi tespit
edilmigtir. Grafit-saf su nanoakiskaninin 1s1 transfer katsayisinin suya gore yiiksek olmasi deney
sonuglarinda belirgin olarak goriilmiistiir. Grafit-saf su nanoakiskaninin saf suya gore 1s1 taginim
katsayisinin daha iyi oldugu deneysel ¢alisma ile de saglanmigtir. Grafit- saf su nanoakiskan1 ve saf su
arasindaki 1sil performans farki ortaya ¢ikmistir. Yapilan calismada iyilestirme orani sonuglart %
cinsinden Cizelge 2’de verilmistir.

Cizelge 2. Grafit saf su nanoakigkani ile saf su arasindaki iyilestirme orani

Debi (I/dk) | lyilestirme orani (%)
3 13,23
4 10,96
6 12,17
12 4,35

Sonug olarak bu ¢alismada grafit/saf su bazli nanoakigkan kullanilarak, 1s1 transfer hizi, toplam
1s1 transferi ve Nusselt sayist gibi termal performans degerlerinde saf suya gore iyilestirmeler
yapilmigtir. Bu ¢aligmada paralel akig sartlarinda alinan sonuglar farkli tipteki literatiir ¢aligmalari ile
uyum saglamistir. Ayrica bu ¢aligmada kullanilan farkl: tip bir 1s1 degistiricisi ile elde edilen sonuglarin
literatiire katki saglayacag diigiiniilmektedir.

Nanoakiskanlart olusturan nanoparcaciklarin tiirbiilansli bir akigta 1s1l verimliligi yiiksek
miktarda artirmasi oldukca Onemlidir. Nanoakiskanlarin 1s1 degistiricilerinde kullanilmasinin
verimlilige etkisini tespit edebilmek icin daha ¢ok ¢alisma yapilmalidir.
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