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INVESTIGATION OF THE EFFECTS OF THE CUTTING PARAMETERS AND COOLANT
ON THE SURFACE ROUGHNESS VALUE IN THE MACHINING OF AISI 4340 WITH CBN
TOOLS

Abidin SAHINOGLU
Cankir1 Karatekin University
Mehmet AKKAS
Kastamonu University
Mehmet Ali DONERTAS
Cankir1 Karatekin University

ABSTRACT

With the heat treatment applied to the workpiece, the material gains are abrasion resistance, friction
resistance, thermal resistance and strength. However, hardening of the material makes to machining is
difficult. Advances in machine tool and CBN insert technology have facilitated the machining of hard
materials. Since CBN tools also prevent the increase of temperature, the use of coolant is not required.
In addition, achieving a grinding quality surface makes it possible to use hard turning as an alternative
to grinding. In this experimental study, AISI 4340 material with CBN tooling experiments which
were increased to 63 HRC hardness by heat treatment were applied. Cutting is done under cooling and
dry cutting conditions. Machining experiments were carried out at 3 different cutting speeds and 3
different feed rate at constant depth of cut. It was observed that surface roughness value increased with
increasing feed rate. It was observed that dry cutting conditions decreased the surface roughness value
in a small amount.

Keywords: AlSI 4340, hard turning, CBN, surface roughness

Introduction

The increase in world population and economic levels has led to the use of more machines or devices.
The use of more technological devices has led to more energy consumption. Processing of raw
materials and production of these devices causes energy consumption. Not only the production phase,
but much of the energy consumption occurs in the use of the devices. Therefore, the efficiency of
machines and devices should be high and should be produced with minimum energy. In the efficiency
of machines and devices, the surface quality of the machine parts is of great importance. At the same
time, reducing machine weights reduces friction. Reducing the weight of the machine makes it both
more efficient and lower raw material consumption. For all these reasons, the machinability of AISI
4340 material was investigated by a lot of researcher [1-4]. The material has been given high strength
by heat treatment. It is aimed to make the machine part work efficiently by the attention to the good
surface quality. The processing time is kept short in order to minimize costs. Cutting parameters have
been examined to minimize energy consumption.

Energy consumption is one of the main factors in the manufacturing industry[5-8]. Because a
significant part of the energy consumption belongs to the manufacturing industry. So the solution of
many problems in energy consumption belongs to the manufacturing industry. The type of energy
used in the manufacturing industry is electrical energy. Most of the electrical energy is obtained from
fossil fuels (coal, oil and natural gas). As a result of combustion of fossil fuels, the emitted gases
accumulate in the atmosphere. These gases accumulate in the atmosphere, creating a greenhouse gas
effect. It causes the rays coming from the sun to cling and increase the temperature on our planet. This
increase in temperature causes the glaciers to melt and increase the water level. In addition, an
increase in temperature causes an increase in evaporation. Clouds formed by increasing evaporation
cause heavy rainfall or hail. Causes of torrential rains, floods and disasters. Causes loss of life and
property. It causes damage to agricultural land and decreases grain products. It also causes damage to
fruits and vegetables. These conditions cause an adequate nutrition problem. Therefore, health
problems due to malnutrition are likely to occur.
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Energy efficiency can be achieved with higher quality products. It is very important for the quality of
the products that the surface roughness value is low [9-11]. Because the lower roughness value results
in lower friction force. Lower friction forces less heat generation and less energy consumption.
Transportation, textile, food, mold, medicine, furniture, construction, agriculture, such as the use of all
areas of life in the manufacture of machines that will provide a good surface quality energy saving is
at a very high level.

Another concept that is as important as the surface quality of materials; high abrasion and friction
resistance. It is possible to obtain these properties by heat treatment with very low cost. It is also
possible to increase the strength of the material up to 3 times. Therefore, the material used is reduced
by 3 times. Lower material weight also results in lower frictional forces. It is of great importance to
examine the workability conditions of these materials, which have been widely used with the
developing technology in recent years.

In this study; In order to produce high quality products in a short time with minimum energy
consumption, a detailed examination is provided in this study. The effects of the parameters were
analyzed by statistical methods. Mathematical models have been extracted.

Materials and Methods

The use of AISI 4340 materials is increasing day by day. Because high strength, heat treatment
suitability, abrasion and friction resistance meet many expectations in the industry. In addition, the
high surface quality achieved in hard turning of the material is also of great importance. Therefore,
AISI 4340 material of 50 mm diameter and 250 mm length was selected. The center was drilled before
the material was hardened. The workpiece material was allowed to stand at 950 C for 2 hours, then
was suddenly cooled in oil. Tempering at 350 C was done to get the tension of the material. It was
tested whether the desired properties were acquired or not. Hardness value of 50 HRC was reached.
The material is connected between tailstock and mirror. Some material was removed from the surface
and prepared for processing experiments.

These materials need to be processed on high-rigidity machines. Therefore, TTC 630 model CNC
lathe of TAKSAN company was used in this experimental study. This machine has 20 KW power. The
machine tool does not lose its precision at high cutting speeds.

Inserts with Sandvik Coromant DCGW11T304 geometry are used for the turning of hard materials.
Coolant was used in the cutting process. The tool holder DDJNR 2525K was used. The tool holder is
connected at a distance of 10 mm to reduce vibration. In determining the cutting parameters, data in
the literature and tool catalog values were taken into consideration.

At the time of Machining, UNI-T UT 201 clamp multimeter was used to measure the current value. A
phase value was measured. The voltage values are taken from the regulator. Total power consumption
is calculated by multiplying the total time.

Immediately after the machining test, the surface roughness value was measured with the Mitutoyo SJ
201 roughness tester. Measurements were taken at 3 different points and the aricmetic mean was
calculated. The sampling range was selected as 0.8.

Experiment results

Experimental results and predictive values obtained at 2 different cutting conditions such as dry
cutting conditions (1) and the use of coolant at a constant depth of chip depth of 0.1 mm, 3 different
cutting speeds, 3 different feed rate, are given in Figure 1.
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Biney c.C. Xn/min) (me/rev) gg.r)n) l?lzzl(s}tlil.l)l) ((IE;rsgt(A) Current(A) (Esti.)
1 1 140 0,04 0,28 0,290 2,46 2,453
2 1 140 0,06 0,59 0,607 2,51 2,528
3 1 140 0,08 1,91 1,923 2,6 2,603
4 1 160 0,04 0,32 0,283 2,54 2,549
5 1 160 0,06 0,55 0,618 2,65 2,624
6 1 160 0,08 2,01 1,953 2,71 2,699
7 1 180 0,04 0,4 0,281 2,65 2,646
8 1 180 0,06 0,59 0,635 2,71 2,721
9 1 180 0,08 1,99 1,989 2,79 2,796
10 2 140 0,04 0,31 0,290 2,44 2,422
11 2 140 0,06 0,69 0,607 2,48 2,495
12 2 140 0,08 19 1,923 2,55 2,568
13 2 160 0,04 0,24 0,283 2,47 2,470
14 2 160 0,06 0,65 0,618 2,58 2,543
15 2 160 0,08 1,98 1,953 2,61 2,617
16 2 180 0,04 0,2 0,281 2,49 2,518
17 2 180 0,06 0,69 0,635 2,59 2,592
18 2 180 0,08 1,98 1,989 2,68 2,665

Figure 1. Estimated results in experimental studies and mathematical models obtained

Surface roughness

As shown in Figure 1, the surface roughness value increases with increasing feed rate. The depth of
the helical channels on the surface increases due to the increase in the feed rate. At lower feed rates,
the difference between the high and low zones decreases. Therefore, the surface roughness value
decreases.

C.C. V (m/min) F (mm/rev)

2,07

1,57

1,0 1

0,51

1 2 140 160 180 0,04 0,06 0,08
Figure 2. Effects of cooling method, cutting speed and feed rate on surface roughness value

As shown in Figure 2, the effect of the cutting parameter on the surface roughness value when remove
material with CBN tools. Because of the manufacturing technology of CBN tools, high hardness
materials (55-65 HRC) are processed without the use of coolant. The feed rate appears to have a
significant impact. The increase in the feed rate causes deterioration of surface quality.
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Figure 3. Relationship between surface roughness and cutting parameters

The ANOVA results of the surface roughness values are given in Figure 4.

Source DF | SeqSS Adj SS Adj MS F P Cont.
Regression 5 9,37195 9,37195 1,87439 486,28 0,000 99,5
Linear 2 8,36911 8,36911 4,18455 1085,62 0,000 88,9
V (m/min) 1 0,00241 0,00241 0,00241 0,62 0,445 0,0
F (mm/rev) 1 8,36670 8,36670 8,36670 2170,62 0,000 88,8
Square 2 1,00003 1,00003 0,50001 129,72 0,000 10,6
V (m/min)*V (m/min) 1 0,00003 0,00003 0,00003 0,01 0,937 0,0
F (mm/rev)*F (mm/rev) 1 1,00000 1,00000 1,00000 259,44 0,000 10,6
Interaction 1 0,00281 0,00281 0,00281 0,73 0,410 0,0
V (m/min)*F (mm/rev) 1 0,00281 0,00281 0,00281 0,73 0,410 0,0
Residual Error 12 0,04625 0,04625 0,00385 0,5
Lack-of-Fit 3 0,00705 0,00705 0,00235 0,54 0,667 0,1
Pure Error 9 0,03920 0,03920 0,00436 0,4
Total 17 9,41820 100,0

Figure 4. ANOVA for surface roughness

According to the variance analysis, the parameter which has the greatest effect on the surface
roughness value is the feed rate. It has an effect of 99.5%. This effect is so high that the number of
parameters is limited. If one of the input parameters is tool radisu, this effect rate may be slightly
reduced.

Ra= 3,11-0,00410417*V-115,750*f+0,00000625*\/+1250*f2+0,0468750*\/*
R2=99,51% R2(pred) = 98,85%

With the regression formula obtained at 95% confidence interval, highly accurate experimental results
can be predicted.
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Figure 5. Comparison of experimental results and predictive results for surface roughness value.
Mathematical model was obtained depending on cutting speed and feed rate. A simple mathematical
model and experimental results are very similar. Therefore, it is possible to predict the surface

roughness value at the desired cutting speed and feed rate.

Current Current Rating
The ANOVA results of the instantaneous current values are given in Figure 6.

Source DF Seq SS Adj SS Adj MS F P
Regression 5 0,165706 0,165706 0,033141 84,22 0,000
Linear 3 0,158689 0,158689 0,052896 134,42 0,000
C.C. 1 0,029606 0,029606 0,029606 75,23 0,000
V (m/min) 1 0,063075 0,063075 0,063075 160,28 0,000
F (mm/rev) 1 0,066008 0,066008 0,066008 167,74 0,000
Interaction 2 0,007017 0,007017 0,003508 8,92 0,004
C.C.*V (m/min) 1 0,007008 0,007008 0,007008 17,81 0,001
C.C.*F (mm/rev) 1 0,000008 0,000008 0,000008 0,02 0,887
Residual Error 12 0,004722 0,004722 0,000394
Total 17 0,170428

Figure 6. Analysis of Variance for Current (A)

The most effective parameter on the current value is the feed rate. This is followed by cutting speed
and cooling method. All three parameters have a certain effect on the current value.
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2,54 7
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Figure 7. The effect of cutting conditions on the instantaneous current value

As shown in Figures 6 and 7, the instantaneous current value increases with increasing feed rate and
cutting speed. Has a significant impact on the current value.

Current (A)

180

V (m/min)

0,08

F (mm/rev)
Figure 8. The relationship between current value and cutting parameters

The increase in feed rate reduces the machining time. One increases the amount of material removed
in time. Therefore, the load amount per unit time increases and the instantaneous current value
increases. However, as the machinig time is shortened, the total power consumption or energy
consumption is reduced.
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Current (A)

F (mm/rev)

Figure 9. Effects of progress and cooling on current value

The feed rate, the change in current value at dry or coolant cut is shown in figure 8. The cooling
condition No. 1 is dry cutting. The cutting condition 2 is the cutting condition with coolant. The
coolant did cause some current to decrease. The basilica factor is the lubricant effect of the coolant.
This facilitates chip flow. Chip flow is easier to reduce the amount of load on the machine and the
instantaneous current value decreases.

Current(A) =1,31556+ 0,310556* C.C. +0,00725000*V +3,83333*f -0,00241667*C.C*v -
0,0833333*C.C.*f

R2=97,23% R2(pred) = 94,04% R2(adj) = 96,07%

A mathematical model of the current value based on cooling conditions, feed rate and cutting speed
was established. Estimated results are obtained with a high value of 97.23% in the 95% confidence
interval.

2,9
2,8
2,7
2,6
2,5

CURRENT (A)

2,4
2,3

2,2
1 2 3 4 5 6 7 8 9 100 11 12 13 14 15 16 17 18

—o—Exp. 2,46 2,51 2,6 2,54 2,65 2,71 2,65 2,71 2,79 2,44 2,48 2,55 2,47 2,58 2,61 2,49 2,59 2,68
—B—Est. 2,4532,5282,603 2,549 2,624 2,699 2,646 2,721 2,796 2,422 2,495 2,568 2,470 2,543 2,617 2,518 2,592 2,665
EXPERIMENT NUMBER

Figure 10. Comparison of experimental results and estimated values for current value

According to the obtained mathematical model, the estimated values and experimental results are very
close to each other. A successful regression formula was obtained.
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Results

According to the experimental results;

The most effective parameter on the surface roughness value is the feed rate. The increase in the feed
rate caused the surface roughness value to increase. While the cutting speed had little effect on the
surface roughness value, the cooling system was found to be ineffective.

Mathematical model of surface roughness value is obtained. It was seen that the experiments and
estimated result values were very close to each other for surface roughness.

It was found that cooling, feed rate and cutting speed were effective on the instantaneous current
value. With the increase in feed rate and cutting speed, instantaneous current value increases.
Instantaneous current value decreases in cut using coolant.

Mathematical model of instantaneous current value is obtained. The results of the experiments showed
that the estimated current values were very close to each other.
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Pb(II) IYONLARININ AKTIVE EDILMIiS KARISIK TiPTEKI KiL iLE SUDAN
UZAKLASTIRILMASI, iZOTERM, KINETIiK VE TERMODINAMIK PARAMETRELERIN
INCELENMESI
ISOTHERM, KINETIC AND THERMODYNAMIC ANALYSIS OF SOME HEAVY METAL
ION’S ADSORPTION ON NATURAL AND MODIFIED CLAY MINERALS (SIIRT/KURTALAN)

Nilgiin ONURSAL
Siirt Universitesi Egitim Fakiiltesi, Siirt
Ali Riza KUL
Yiiziincii Y1l Universitesi Saglik Hizmetleri Meslek Yiiksekokulu, Van
Omer YAVUZ
Dicle Universitesi Fen Fakiiltesi

OZET

Bu calismada Pb(Il) iyonlarinin sulu ortamdan uzaklastirilmasi igin asit ile modifiye edilen kil
kullanilmistir. Sicaklik, konsantrasyon, pH, temas siiresi gibi adsorpsiyona etki eden parametreler
incelenmistir. Elde edilen veriler Freundlich, Langmuir, Temkin ve Dubinin-Radushkevich
adsorpsiyon izotermlerine uygulanmis, verilerin en ¢ok Langmuir adsorpsiyon izoterm modeline
uydugu degerlendirilmistir. Adsorpsiyon kapasitelerinin 298; 303 ve 313 K i¢in sirasiyla 13.67, 21.28,
46.73 mg Pb/g aktive edilmis kil oldugu bulunmustur.

Kinetik veriler Lagergren, Ho-McKay, Weber-Morris ve Elovich modellerine uygulandiginda verilerin
daha ¢ok, Ho McKay ikinci derece hiz denklemine uydugu degerlendirilmistir.

Ayrica serbest enerji, entalpi ve entropi gibi termodinamik veriler hesaplanmis ve Pb (II) aktif kil i¢in
AHo=13.37 k j/mol, AS¢=0.094 k j/mol ve AGags= - 14.64 kj/mol, AGszes= -15.58 kj/mol, AGszis= -
16.52 kj/mol oldugu bulunmustur.

Anahtar kelimeler: Bakir, Kursun, Adsorpsiyon, Kinetik, Termodinamik, Ham kil ve Aktive edilmis
kil.

ABSTRACT

In this study, modified mixed type clay are being used for removal of Pb(ll) from aqueous solution.
The parameters affecting the adsorption, such as temperature, concentration, pH, contact time were
examined. The data were applied to the Freundlich, Langmuir, Temkin and Dubinin-Radushkevich
adsorption isotherms and Langmuir adsorption isotherm model was evaluated as the best fit in
accordance with the data. Adsorption capacities of 298, 303, 313 K were found to be 13,67,21.28 and
46.73 mg Pb/g activated clay, respectively.

When the kinetic data were applied to the Lagergren, Ho-McKay, weber- Morris and Elovich models,
it was seen that the data mostly complies with the Ho-McKay pseudo second order equation.

Also, thermodynamic data such as free energy, enthalpy and entropy were calculated and as a results
show that AH=13.37 k j/mol, AS¢=0.094 k j/mol ve AGa= - 14.64 kj/mol, AGsps= -15.58 kj/mol,
AGa15= - 16.52 kj/mol for adsorption of Pb(Il) on activated clay.

Keywords: Adsorption, Clay, Copper, Lead, Heavy metal, Thermodynamics, Raw clay and Activated
clay.

1.GIRIS

Agir metallerin kullanimi oldukga eski donemlere dayanmaktadir. Diinyada sanayilesme ile beraber
metal tiretimin artmasi, ¢evre sorunlarini da beraberinde getirmektedir. Bu ¢evre sorunlar1 arasinda
cok dnemli yer tutan faktdrlerden biri ise, agir metallerin dogrudan dogayi kirletmesidir.
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Agir metallerin sayis1 60'dan fazla olup bunlardan bakir, kursun, demir, kobalt, kadmiyum, krom,
kalay, nikel, ¢inko, aliiminyum, vanadyum, molibden, mangan en ¢ok bilinenlerdir. Bu elementler
dogada genel olarak kararli bilesikleri olan siilfiir, silikat, oksit ve karbonat bilesikleri
halindedirler(Cay, 2014).

Dogada 6nemli kirletici grubunda yer alan agir metallerin toksik ve kanserojen etkileri bilinmektedir.
Agir metallerin biyolojik siireglere katilma durumlarina gore, yagamsal veya yasamsal olmayan olarak
ayrilir. Bu agir metallerin yagsamsal olarak bulunmasi yani biyolojik reaksiyonlara katilmalar1 i¢in,
organizmalarin yapisinda gerektigi oranda bulunmalari1 ya da diizenli bir sekilde besinler aracilig ile
alinmalar gerekmektedir. Ancak yasamsal olmayan agir metallerin eser miktardaki konsantrasyonlar
dahi ciddi saglik problemleri olusturabilmektedir. Agir metalin yasamsal degeri organizmadan
organizmaya farklilik gdsterir. Hayvanlarda iz elementi olarak bulunmasi gereken nikel, bitkiler i¢in
zararl bir elementtir. (Filiz, 2007)

Bilinen en eski metallerden biri olan Kursun (Pb) periyodik tablonun 14 numarali grubunda bulunan
yumusak, giimiisi beyaz veya grimsi bir renge sahip metaldir. Kursun doviilebilen, bicimlendirilebilen,
yogun ve zayif elektrik iletkenligi olan bir metaldir.. Antik Cag'dan beri bilinmektedir ve Romalilar
tarafindan su tagima borularinda uzun dénem kullanilmasinin da isaret ettigi iizere korozyona kars1
dayamkhdir. 10 6. ve 7. Binyila ait donemlerde iran, Misir ve Mezopotamya da kursundan yapilan
cesitli esyalar yapilan kazi calismalarinda bulunmustur. Tiirkiye de ise 10 6500 yillarina ait oldugu
tespit edilen kursundan yapilmis boncuklar Catalhdyiik’te bulunmustur. i1k ve orta ¢ag da kullanilan
kursun ozellikle savag aletlerinde, siis esyalarinda, lehim ve kaplamacilikta tercih edilmistir. Daha
sonra ise manciniklar icin giilleler ve kursun mermiler tretilirken, mimarlikta da kullanildig1 ortaya
cikmistir(Celik, 2010).

Kursun atom numarasi 82 ve atom kiitlesi ise 207,19 g/ mol diir. Kursun dogada bir¢ok kararli izotopa
sahiptir. Dogada bulunma oranlarma gore 2°Pb, 207Pb, 205Pb, ve 24Pb yazilabilir(Giineren, 2010).

[k kullanim yillarinda kursun Babil’iler tarafindan yazitlarin kayit altina alindig1 metal levhalar olarak
kullanilmigtir. Romalilar ise kursunu tabletlerde, su borularinda, madeni para yapiminda ve mutfak
esyast yapiminda kullanmistir. Buna bagl olarak nihai kullanimin neticesinde gergeklesen kursun
zehirlenmesi Augustus Ceaser doneminde bilinmekteydi. Dogada ¢ok miktarda bulunan elementler
arasinda 34.siradadir (Eskier, 2017)

Kursunun kullanim alanlarinda tercih edilmesinin baglica kaynagi doviilebilmesi, sekil alabilmesi,
diisiik erime noktasina sahip olmasi, yiiksek yogunluga ve yiiksek enerjili radyasyonlara karsi yiliksek
absorbe etme yetenegine sahip olmasi gibi faktorlerdir. Eritilmis kursun saf glimiis ve altin igin
mitkemmel bir solvent ve toplayicidir.

Kursun batarya tiretimi gibi birgok farkli alanda da kullanima sahiptir. Mermi yapiminda, tastyici
alasim yapiminda ve kalay bilesiminde de kullanilmaktadir. Agir ve endiistriyel makinelerde giiriiltii
ve titresimi azaltmak i¢in kursun bilesiklerinden yapilmis levhalar kullanilabilmektedir. Kursun, kisa
dalga boyuna sahip elektromanyetik radyasyonu efektif bir sekilde emdigi icin niikleer reaktorler,
pargacik hizlandiricilari, X-ray cihazlar1 ve radyoaktif materyallerin tasinmasi ve depolanmasi igin
gelistirilen kaplarin etrafinda koruyucu bir kalkan olarak kullanilir.

Kursun ve bilesikleri toksik 6zellik gostermektedir ve viicut tarafindan tutulur ve uzun siire biriktirilir.
Bu durum kiimiilatif zehirlenme olarak da bilinmektedir ve 6liimciil miktarlara kadar siire¢ devam
edebilmektedir. Kursun bilesikleri ele alindiginda ¢oziiniirlik ve toksitlik seviyesi dogru orantilidir.
Cocuklarda kursun birikimi kognitif bozukluklara yol acabilmektedir. Yetiskinlerde ise ileri seviyede
bobrek hastaliklarina yol agabilmektedir. Kursun zehirlenmesinin belirtileri arasinda karmn agrisi, ishal
ve onu takriben kabizlik, bulanti, kusma, bas donmesi, bas agris1 ve genel halsizlik yer almaktadir
(Diindar ark., 2012).
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Bu ¢alismada adsorban olarak kil kullanilmistir. Kil terimi kaya¢ anlami tagsimasinin yani sira, toprak
ve sedimenter kayaglardaki mekaniksel olarak yapilan analiz sonug¢larina gore, tanecik boyutunu yani
tanecigin iriligini ifade eden bir kavramdir. Wentworth, 1922 yilinda tanecik boyutu 4 mikrondan
(1/256 mm ) daha kiigiik olan taneciklere kil denilmesini teklif etmistir. Uddin gore; Kil, 2um’den
(25,400 pm= 1 in¢) daha kiiciik partikiil boyutuna ve ayni1 kimyasal bilesim ile ortak kristal 6zelligine
sahip madencilik familyasinin ortak ismidir. (Uddin, 2017)

Ozellikle kimya ve mineroloji agisindan énemli olan bu kaynaga gore esitli amaglar igin kullanilan bu
topraklar Samian, Melian ve Kimolian olarak kategorize edilmistir. Samian (kaolen) kili seramik
yapimui isinde, Melian, ince kuvars igerdiginden resim ve boya malzemesi olarak kullaniliyordu.
Kimolian (Ca- montmorillonit) ise iki renkli olup (Beyaz ya da kirmizi) 2000 yil siiresince ¢amasir
yikanmasi (agartici olarak) isinde ve ilag yapiminda kullanilmistir. Kil minerallerinin karmasik ve ¢ok
cesitli olmalarinin nedeni, biinyelerinde fazla miktarda yabanci madde barindirmalaridir. Ayrica
olusum yerlerinin ve O&zelliklerinin farkli olmasindan kaynakli olarak birgok smiflandirmaya
ayrilabilirler. Bu siniflandirmalar;

Mineral 6zelliklerine gore olugan gruplar;
Klorit

Kaolin

Montmorillonit (smektit)

Mika

it

Attapulgit (Malayoglu,1995)

Killerle ilgili yapilan arastirmalarda , killerin fiziksel ve kimyasal 6zellikleri belirlenmis olup,
kullanim alanlarma gore farkli 6zelliklere sahip olmasi aranir. Dort tip olarak ele alinan killerin
olusum durumlart asagidaki gibi belirlenmistir. Nemli ve iliman iklime sahip alanlarin yiizeyinde
kaolinit tipi kil bulunmaktadir. Daha derin yataklarda ise illit ve momtmorillonit killeri mevcuttur.
Fakat goreceli sekilde silis igermeyen laterit, boksit ve opalin ile bunlardan ayricalikli olan tripolin ise
tropikal iklim kosullarini saglayan bolgelerde olusmaktadirlar (Karaagag, 1981).

Kil minerali tanimi1 yapilirken, killere etki eden bes faktoriin bilinmesi gerekir.
e Kilin mineral bilesimi

Ihtiva ettigi organik maddeler

Kil dis1 mineral bilesimleri

Coziilen tuzlar ile yer degistirebilen iyonlarin bulunmasi

Dokusu

Bir kil minerali tanimlanmadan 6nce bu faktérlerin bilinmesi 1azimdir. Kili meydana getiren kil
minerallerinin cinsi ve bilesimi kil malzemesinin hususiyetlerine tesiri bakimindan son derece
onemlidir(Akinci, 1968)

Agir metallerin diger bir ifadeyle toksik maddelerin ortamdan uzaklastirilmast i¢in bir¢ok teknik
uygulanmaktadir. Bunlardan en ¢ok kullanilanlardan birisi de adsorpsiyondur. Adsorpsiyon basit
tanimiyla, bir maddenin bagska maddelerin yiizeylerine tutunmasi olayidir. Yontem olarak adsorpsiyon,
ara kesit veya yiizey iizerinde maddenin derisiminin artmasi yani maddenin ylizeyde birikmesidir.
Bagka bir tanimlama da ise, adsorpsiyon, molekiillerin sahip olduklar1 saldirma kuvvetlerinin etkisi ile
ylizeye yapigmasi siirecidir.

Adsorpsiyon olay1 ile adsorbanin yiizeyi arasinda iligki vardir. Ayrica adsorpsiyon olayr maddenin
hacminden ziyade yiizeyinin rol oynadigi bir siiregtir. Clinkii molekiiller arasindaki kuvvetlerin sinir
ylizeyinde dengelenmemesinden kaynaklanir (Berkem & Baykut, 1977). Farkli fazdaki maddeler
arasindaki ¢ekim kuvvetlerinin etkisi ile gerceklesebilen ii¢ tiir adsorpsiyon vardir. Fiziksel
adsorpsiyon (Fizisorpsiyon), kimyasal adsorpsiyon (Kemosorpsiyon), iyonik adsorpsiyon’ dur.

WWW.EUROASIAjOURNAL.ORG Volume (7), Year (2019) Page 11



EUROASIA JOURNAL OF MATHEMATICS-ENGINEERING NATURAL & MEDICAL SCIENCES
InTerneTional INdexed & Refereed

2.MATERYAL VE METOD

2.1 Materyal

Siirt Ili Kurtalan ilgesi Agaclipmar kdyiinden temin edilen orijinal kil 110 °C de 24 saat siireyle etiiv
de kurutulup, desikatdrde sogutuldu. Daha sonra hazir hale getirilen kil 6giitiildii. Numunenin eleme
islemi, kontrollii elek sarsma cihaz1 ile ( -100+120), ( -120+140), (-140+170), (-170+200) ve - 200
mesh’lik eleklerde gerceklestirildi. Elenen kil numuneleri uygun kaplara alinip agzi kapali sekilde
kullanima hazir hale getirildi. Ham kilin aktive edilmesi i¢in 5 N H>SOs kullanildi ve karigim
karigtirilarak siiziildii. Siiziintiide siilfat iyonlar1 kalmayincaya kadar saf su ile yikandi. Siilfat
iyonlarmin kalip kalmadig1 BaCl; ¢ozeltisi ile kontrol edildi. Elde edilen aktive edilmis kil 110 °C de
24 saat siireyle etiiv de kurutulup, desikatére konuldu.

XREF ile yapilan kilin kimyasal analiz sonucu asagida tablo 1.de verilmistir.

Tablo 1. Aktive Edilmis Kilin Kimyasal Bilesimi

Numune Kimyasal Bilesim %

Adi Si02 | Al:O3 | CaO Fe203 MgO | K20 Na.0 P20s MnO | TiO2 KK
Ham Kil 56,0 11,3 9,8 5,8 2,1 1,2 3,1 0,1 0,1 0,8 9,50
AktiveKil 51,7 14,6 3,8 8,6 6,0 3.2 0,9 0,1 0,1 0,7 10,0

KK: 1000 °C deki kiitle kayb1

2.2.Metod

Adsorpsiyon deneyleri 3 grupta yapildi. Bunlar kinetik, izoterm ve sicaklik deneyleridir. Deneylerde
agir metal ¢ozeltileri 25 ml alinarak, daha 6nceden tartimi yapilan erlenmayer de ki 0,2000°er g lik
killerin iizerine birakildi. Isitmali ¢alkalayicida (Shaker) uygun zaman dilimlerinde ¢alkalanip, kat1 ve
stvi fazlara ayrilmalart i¢in 15°er dakika santrifiijlendi. Geriye kalan kil ve ¢ozelti uzaklastirilarak
AAS cihazinda analiz edildi. Adsorplanan miktarlar 2.1 denklemleri kullanilarak hesaplandi.

Lo =G 3V (G =z )V
qi= il el Qo= el - (2.1)

™ ™

2.3 Adsorpsiyon izotermleri ve Denklemleri

Adsorpsiyon izotermlerinin amaci adsorpsiyon mekanizmasinin matematiksel yontemlerle ifade
edilmesidir. Burada elde edilecek olan, adsorpsiyon siiresince c¢ozeltide kalan madde miktar1 ile
adsorbanin yiizeyinde biriken madde arasindaki dinamik dengenin olmasidir. (Giineren, 2010)

Adsorpsiyon izotermleri adsorpsiyon caligmalarinda en Onemli etkenlerdir. Bu izotermler soyle
siralanabilir.

Freundlich modeli

Langmuir denklemi

Temkin:

Dubinin-Radushkevich

o Freundlich modeline gore, bir adsorbentin ylizeyinde bulunan adsorpsiyon alanlari

heterojendir yani farkli tiirden adsorpsiyon alanlarindan olusur. Lineerize edilmis Freundlich ifadesi
denklem (2.2) de verilmistir. ( Baran ve ark. 2019)

Inge= Ik + = InC, (2.2)

Burada; Kr adsorpsiyon kapasitesini (L/mg); n: adsorpsiyon yogunlugunu(birimsiz) ifade eder.

Langmiur'a gore, adsorbentin tek bir tabaka meydana geldigini ve her bir adsorplayici noktanin bir
molekiil adsorpladigini kabul eder. Denge halinde maksimum adsorpsiyon kapasitesine ulagilmis ve
ylizey tek tabaka ile kaplanmis olur. Langmiur, 6zellikle kimyasal adsorpsiyonda ve daha bir ¢ok
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halde bir doymusluk oldugunu ifade eder Bunu agiklamak i¢in de adsorpsiyonun yiizeydeki dinamik
denge durumunu ve tek molekiillii tabaka durumunu ele alarak kendi adiyla anilan teoremi olusturarak
baginti haline getirmistir (Baran ve Diiz 2019) (Akyildiz, 2007). Bu baginti 2.3 denklemi ile
verilmistir,

Cs ol 1
—_—— = _|_

ge Tmax Pemax

(2.3)

g = (ELTCeleY (2.4)

™

Burada; gm : dengedeki g adsorplayici basina adsorplanan madde miktarini (mg/g) ifade eder. Ci:
Baslangi¢ derisimi (mg/L) Ce: denge derisimi(mg/L); V: hacim (L); m: adsorplayicinin kiitlesi(g);
Omax: Maksimum adsorpsiyon kapasitesi (mg/g); b: Lagmuir sabiti (L/mg) ;

Temkin: 1941 Yilinda Temkin ve Pyzhev'in ¢alismalari, adsorban ile adsorbat ve adsorpsiyon 1sis1
arasindaki etkilesimi inceleyerek yeni bir izoterm modeli gelistirmiglerdir. Bu ¢aligmada ylizeydeki
tiim molekiillerin enerjilerinin lineer olarak azalmasinin nedeni adsorbanin yiizeyinin heterojen yapida
olmasindan kaynaklanmaktadir.

Bu izotermde, adsorbe edilen maddeler arasindaki etkilesimler dikkate alinmakla birlikte, ¢6zeltide
bulunan tiim molekiiller i¢in adsorpsiyon entalpisi hesabi gelistirilmistir. Bununla ilgili baginti ise 2.5
te oldugu gibidir.

ge=BINAT+BInC; (2.5)
B=RT/b (2.6)

Burada; B(j/mol) cinsiden adsorpsiyon 1s1:1ile ilgili Temkin sabiti, A(L/g) maksimum

baglanma enerjisne karsilik gelen denge baglanma sabiti, R(8,314 J/mol K) evrensel gaz sabiti ve
T(Kelvin) mutlak ¢ozelti sicakligidir.

Dubinin-Radushkevich: Adsorpsiyon tiirtinii belirlemek amaciyla kullanilir. Bu amagla elde edilen
bagint1 2.7 olarak verilmistir.
Ing, =Ilng,, — Ky_z£%(2.7)
= RTIn(1+1) (28
£= T L—E' ( . )

E= 1

(2.9)

/2Ep _R

Burada g. (mol/g) birim kiitle bagina adsorplanan metal miktari, qm (mol/g) tek tabaka kapasitesi, Kp.r
,ortalama sorpsiyon enerjisi ile ilgili aktiflik katsayis1 ve €, Polanyi potansiyeli, C. (mol/L) sulu
¢ozeltideki denge metal derisimi, E (kJ/mol) ortalama adsorpsiyon enerjisidir ve denklem 2.7 -2.9
denklemleriyle hesaplanabilir.

D-R modeli sabitleri olan gm ve Kpr In ge nin &% ye kars1 grafie gegirilince elde edilen dogrunun
egiminden Kp.r, kaymasindan ise In qm elde edilir.

Pb(Il) iyonlarinin aktive edilmis karigik tip kil iizerine adsorpsiyonundan elde edilen veriler
Freundlich, Langmuir, Temkin ve Dubinin-Radushkevich izoterm modellerine uyarlanarak sekil
1,2,3,4 te verilmistir.
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Freundlich-Pb-A

Ya9s = 0,1931x+ 1,5749

R2 =0,9305
Y308 = 0,304x + 1,535
R2=0,9185
Ya15 = 0,5154% + 1,2864
45 R2=0,7972
4
3,5 A
3 A
gﬂl 2,5
= 2
18- A
]
1
0,5 ¢293K m303K A 318K
0
-1 0 1 2 3 4 5 6
LnC,

Sekil 1 . Farkli sicakliklardaki Pb(IT) nin aktive edilmis karisik tip kil tizerindeki Freundlich izotermi

. =0,0733x + 0,8414
Langmuir-Pb-A Y 208= ¥ ’
9 R? = 0,9885
. Vaos = 0,047 F 0,768
R? = 0,9747
, Vazs = 0,0214x + 0,7229
0 R =0,9817
=
> 15 ® 3
;, ¢
~ 10
o
5
. ©298K M308K A318K
0 50 100 150 200 250 300
C. (mg/L)

Sekil 2. Farkli sicakliklardaki Pb(II) nin aktive edilmis karigik tip kil tizerindeki

Langmuir izotermi
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: Y 595= 0,5608x- 2,1266
Temkin-Pb-A R = 0,9342
Ya0s = 0,2698x- 0,3602
2 —
20 R<=0,8292
18 Va5 = 0,1023x+ 0,9373
16 R2 = 0,874
14
- 12
1]
= 10
E 3
T 6
4
2 A 298K M308K A 318K
0
20 10 20 30 20
InC,

Sekil 3. Farkli sicakliklardaki Pbu(Il) nin aktive edilmis karisik tip kil {izerindeki Temkin izotermleri

Ya9g = -7E-09% - 5,0966
D-R-Pb-A R%=0,9996
V30 = -8E-09x - 4,9931
R?=0,9995
0
) 500000000 1E+09
2
-4 Y 315= -5E-00x - 6,6516
5 R2=0,9673
5 O
E
< 8
£
-10
-12
-14
£2 (J2/Imol?)
4293 K M308K A 318K

Sekil 4. Farkli sicakliklardaki Pb(IT) nin aktive edilmis karisik tip kil tizerinde ki D-R izotermleri
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Cizelge 2. Pb(IT)’nin aktive edilmis kil tizerindeki adsorpsiyonuna ait, Freundlich Langmuir, ,
Temkin, Dubinin-Radushkevich (D-R) izoterm parametreleri

Freundlich izoterm Modeli Langmuir Adsorpsiyon izotermi
Inge = In Kr+1/nIn Ce Ce/lqe = 1/KLgmax + Ce/Qmax
Omax
T Denklem Ke n R? Denklem KL (mg/g) R?
(K) (L/mg)
29  Y=0,1931x-1,5749 48 518 0,905 Y=0,0733x+0,8414 0,087 13,67 0,9885
8 3
30  Y=0,304x-1,535 46 329 0918 Y=0,047x+0,768 0,061 21,28 0,9747
8 4 5
31  Y=0,515x+2864 36 194 0,797 Y=0,0214x+0,7229 0,030 46,73 0,9816
8 2 2
Temkin izoterm Modeli Dubinin Radushkevich (D-R) izoterm Modeli
ge =BInKt +BInCe INge =INQgmax —Bo-r I3 e=RTI(1+1/Ce)
T Denklem Kt B R? Denklem Kopr E Omax R?
(K) I()KJ'/mO (mg/g)
29  Y=0,5608x- 0,30 1,783 0,934  Y=-7.10"%- 7.10° 85 1267,5  0,9996
8 21266 2 5,0966
30  Y=0,2698x- 0,91 3,706 0,829 Y=-8.10"%- 8.10° 79 1405,8  0,9995
8 0,3602 2 4,9931
31  Y=0,1023x+0,93 1,10 9,775 0,874  Y=-5.10-9- 5.10° 10,0 280,6 0,9817
8 73 0 6,6516

Aktive edilen Kil iizerindeki Pb (II) Izoterm sonucu verilerine bakildiginda ise, Dubinin
Radushkevich ~adsorpsiyon izoterm modeline uydugu belirlenmis olup, R? degerlerinin 0,99’in
tizerinde oldugu bulunmustur.

2.4.Temas Siiresi ve Adsorpsiyon Kinetigi
Adsorpsiyon kinetigi, adsorplanan madde ile adsorban arasindaki temas siiresini belirleyebildigi gibi,
adsorpsiyonun hangi basamaklarda gergeklestigini de ifade etmektedir.

Kinetik modeller zamana bagli olarak asagida belirtilen modellerde incelenmektedir.

1. Pseudo Birinci Derece Denklem (Lagergen Denklemi)

dg

— - ki(a.—aq:) (16

Burada Qe (mg/g) dengedeki birim adsorplayici basina adsorplanan metal iyonu miktari, q: , t
zamandaki birim adsorplayici basma adsorplanan madde miktarmi, k3 ,(dk)? birinci dereceden

adsorpsiyon hiz sabitidir. t= 0 iken q: = 0 ve t=t de g: = g araliginda iken 1.6 denkleminin integrali
almirsa;

In(q; —q.)=Inq, — ky t (1.7)

denklemi elde edilir. t’ye karst In(g, — g,) nin dogrusal grafiginin egim ve kesim noktalarindan k4
ve g, degerleri bulunabilir (Baran ve Diiz 2019).

2. Pseudo (yalanci)ikinci Derece Denklem (Ho-Mc Kay)
d
—t==k; (9. — 4. ) (L.7)

Burada k ., (g/mg*dk) ikinci dereceden hiz sabiti, g, (mg/g) maksimum adsorpsiyon kapasitesi, g,
(mg/g) t zamanindaki adsorpsiyon miktaridir.
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.t=0iken g:= 0 ve t=t de g:= qraraliginda iken 1.7 denkleminin integrali alinirsa;

t _ 1 t [1 E:]
qe k: qe e .
Denklemi olusur. Yalanc ikinci derece kinetik model sabitleri olan k, ve g , t’ye kars1 t/q;

grafige gecirildiginde elde edilen dogru denkleminin egim ve kaymasindan elde edilir.

3. Elovich Esitligi
gt= % (Inap)+ %111 ¢ (1.9)

Burada o (mg/g*dk) baslangic sorpsiyon hizi, B (g/mg) kemosorpsiyon igin yiizeyi kaplama ve
aktivasyon enerjisinin bir 6lgiistiidiir. In t” ye kars1 q¢ grafige gegirildiginde elde edilen egimden % ve

kaymasindan ise % (Inof) bulunabilir.

3. Weber-Morris Modeli (Orbak, 2009)
q. = kNt+C (1.9)

Intrapartikiil difiizyon modeli 1.9 denklemi ie ifade edilmistir. Bu ifadede g, (mg/g), t zamandaki
gram basina adsorplanan madde miktaridir. ki (mg/g*dk)Y2 hiz sabitidir.

Vo ye karsi, q; grafige gecirildiginde ¢ok basamakli grafik egrileri elde edilebilir. Adsorpsiyon islemi
iic ana asamada gergeklesebilir. Bunlar,

I- Film difiizyonu
lI-  Intrapartikiil veya gozenek diftizyonu
I11- I¢ bolgenin yiizeyindeki adsorpsiyon dur.

Pb I’nin aktive edilen kil {izerindeki siirenin etkisi incelendiginde ilk 30 dakika adsorpsiyon olayinin
hizli gergeklestigi ve 120-150 dakika arasinda dengeye geldigi goriilmektedir. Bunun nedeni
baslangigta adsorbant’in yiizeyinde aktif yerlerin bos oldugu, boylece Cu(Il) iyonlarimin bos olan aktif
merkezlerle reaksiyon verdigi, zaman ilerledikge aktif merkezlerin sayis1 azaldigi i¢in reaksiyonun hizi
da azalmaktadir.

Adsorpsiyon kinetigi ile ilgili adsorpsiyon verileri Lagergren, Ho Mc Kay, Weber-Morris ve Elovich
denklemlerine uygulanmis olup sonuglar ¢izelge 3’ te ve 5,6,7,8,9 no’lu sekillerde verilmistir.
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Kinetik Pb-A
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Sekil 5. Farkli sicakliklardaki kinetik grafikler
Yaes = -0,0144x + 1,4684
Lagergren Pb A R? = 0,9483
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Sekil 6. Farkli sicakliklardaki Lagergren grafikleri
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Ho Mc Kay Pb A Y 295 = 0,0435x + 0,236
R? =0,9995
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Sekil 7. Farkl1 sicakliklardaki Ho Mc Kay grafikleri
] - Y05 = 0,3016x + 18,273
Weber-Morris-Pb-A R? = 0,8976
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Sekil 8. Farkli sicakliklardaki Weber-Morris grafikleri
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Elovich-Pb-A Ya9s = 1,3013x + 15,5
R?2=0,9186
* Y308 = 1,0485x + 18,438
R2=0,9567
25
Y315 = 2,0418x + 14,185
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g 15
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0
Int

Sekil 9. Pb (I1)-A’nin Farkli sicakliklardaki Elovich grafikleri

Cizelge:3. Pb(Il)’nin aktive edilmis kil tlizerindeki adsorpsiyonuna ait, Lagergren, Ho Mc Kay,
Weber-Morris ve Elovich modellerine ait parametreler

Kinetik hiz denklemleri incelendiginde, aktive edilen kilin yalanci Pseudo Second Order (Ho
MacKAY-ikinci dereceden) kinetik modeline daha ¢ok uydugu genelde R?nin 0,95 iizerinde oldugu
tespit edilmistir.

Pseudo - First Order (Lagergren) Denklemi In(qe-qy) Pseudo - Second Order (Ho McKay) Denklemi t/q. =t/qe +

=Inge - kit 1/kz ¢
Sicaklik Dogru Denklemi R? ky Inge Dogru Denklemi R? ks Qe
(°K) (dak) | (mglg) (9/mg*dak) | (mg/g)
298 Y=-0,0126x+0,1226 0,6028 0,0126 0,1226 Y=0,1017x+0,1076 0,9963 0,0962 9,83
308 Y=-0,0179x+2,6405 0,6719 0,0179 2,6405 Y=0,0547x+0,9663 0,9512 0,0042 18,28
318 Y=-0,0142x+2,4341 0,8362 0,0142 2,4341 Y=0,0432x+0,9663 0,9665 0,0019 23,15
Weber- Morris (Intrapartikiil Difiizyon Modeli) Elovich Modeli
4= CotKam VT qt=1/p In(oB)+ 1/p In't
Sicaklik Dogru Denklemi R? Kwm Cp Dogru Denklemi R? B o
CK) (mg/dk*g)
298 Y=0,0453x+9,2792 0,0344 0,0453 9,2792 Y=0,1852x+8,8941 0,0488 5,40 1,33.10%°
308 Y=0,794x+8,355 0,7507 0,7940 8,3550 Y=3,101x+2,3083 0,7375 0,32 6,53
318 Y=1,0298x+8,0812 0,8532 1,0298 8,0812 Y=3,7484x+1,2316 0,8253 0,26 5,23

2.6 Termodinamik Hesaplamalar
Gibbs serbest enerji degisimi (AG) ile entalpi degisimi (AH) ve entropi degisimi (AS), (1.10) ile
(1.11) bagintilart kullanilarak bulunmustur.

AG= AH - T.AS (1.10)
InKe=— == .= += (1.11)

Bu esitliklerde R ideal gaz sabiti (kJ /mol*K), T mutlak sicaklik (Kelvin), entropi degisimi AS ile
entalpi degisimi AH ise 1/T ye karsilik gelen InK¢ grafiginden 1.11°e gore bulunmustur.

Elde edilen verilen gizelge 4’te verilmistir (Baran ve Diiz 2019).
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Cizelge 4.Termodinamik Parametreler

Sicaklik(Kelvin) AG(kj/mol) AH(kj/mol) AS(kj/mol)
298 -5,75
308 -9,54 107,07 0,3786
318 -13,32
SONUC VE TARTISMA

Yapilan deneysel ¢alismada, Pb(I) iyonlarinin asit ile modifiye edilmis kilin adsorpsiyonu iizerindeki
sicaklik, stire, karistirma hizi, pH gibi parametrelerin etkisi arastirilmistir. Pb(I) metal iyonlarinin
adsorpsiyonu i¢in gereken optimum sartlar belirlenmeye ¢alisilmistir.

Adsorpsiyon g¢aligmalarinda genel olarak sistemin Langmuir izotermine uydugu R? degerlerinden
anlagilmistir. D-R izotermlerinden elde edilen E degerlerine bakildiginda adsorpsiyonun kimyasal
oldugu anlagilmaktadir.

Kinetik ¢alisma verileri hizin Pseudo second order (Ho Mc Kay)’a uydugu R? degerlerinden
anlagilmaktadir.

Termodinamik hesaplamalar sonucuna goére, Kursun iyonlarinin aktive edilmis kil adsorpsiyonunda
AHortalama ve ASortalama degerleri pozitif olup; reaksiyon endotermiktir.

AG degerlerinin negatif ¢ikmasi siirecin kendiliginden gergeklesebilecegini ifade etmektedir. Kursun
iyonlarimin sudan uzaklastirilmasimin yiiksek sicaklik degerlerinde daha iyi oldugu anlasilmaktadir.
Derisim arttik¢a adsorplanan madde miktarinin da arttig1 tespit edilmistir.

Bu calisma, ilk yazarin doktora tezinin bir béliimiinden alinmuis olup, Van Yiiziincii Yil Universitesi
BAP 5252 nolu projesi ile desteklenmigtir.
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ABSTRACT

The process of finding the best element (solution) to a given problem is called optimization. Many
algorithms such as GA (John Holland, 1975), PSO (Eberhart & Kennedy, 1995), ABC (Karaboga,
2005) etc. have been developed to fix optimization issues. The Fruit Fly Optimization Algorithm
(FOA) is a part of these algorithms, it’s a new category of global optimization evolutionary algorithm
with a potential to solve complex optimization issues. The FOA is developed by Wen Tsao Pan in
2011, totally built on the foraging characteristics of Fruit Fly. The algorithm has several varieties of
search specially based on vision and olfactory. It has a specific technique to find food quickly, after
determine the position, and then fly to the object. FOA is used in many applications, especially in the
Wireless Sensor Network Coverage Optimization proposed (Ren, Zhichao and Liu, 2018), travelling
salesman problem (Nitin S. Choubey, 2014), Short-term Traffic forecasting (Yuanyuan and
Yongdong, 2017), and so on. To avoid falling into a local optimum and to overcome the weakness of
the updating strategies which are used to find optimal solution. We have developed a new hybrid Fruit
Fly Optimization algorithm (HFOA) which uses Sine Cosine Algorithm (SCA) and it powerful
updating and excellent search capabilities. The developed hybrid is tested on a set of 13 Benchmark
test functions and its performance is compared with other optimization algorithms. The results
obtained showed the successfulness and efficacy of the new hybrid algorithm HFOA, it outperforms
the other meta-heuristics algorithms.

Keywords: Optimization, Fruit Fly optimization algorithm, Sine Cosine Optimization Algorithm,
Hybrid Fruit Fly Optimization Algorithm.

1. INTRODUCTION

Meta-heuristics is one of the last generation methods suggested to fix difficult issues. All meta-
heuristic method is a set of search agents that seek suitable location according to some stated criterions
[1].The purpose of the existing issue is generally about to minimize the wastes, or maximize the
benefits, and performances. It is the action to get the best , to improve an operation or a performance.
These last years modern developed meta-heuristics optimization algorithms are being improved and
are earning lot of attention and popularity [2]. The optimization algorithms can be classify as follows:
Physics based, Swarm based, Biology-based, Social based etc.[3], for example, Particle Swarm
Optimization (PSO) [4], Ant Colony Optimization (ACO) [5], Harmony Search (HS) [6], Artificial
Bee Colony (ABC) [7], Genetic Algorithm (GA) [8] and so on. Fruit-Fly Optimization Algorithm
(FOA) is one of these algorithms, it’s a simple and efficient algorithm to solve several continuous
optimization problems. In this study, it is developed a hybrid algorithm which gives better solutions
in solving some benchmark problems by taking the position updating advantages of the basic SCA.

2. FRUIT-FLY OPTIMIZATION ALGORITHM

It is an approach for determining suitable result generally build on foraging behavior of fruit flies
developed by Wen Tsao Pan in 2011. Compared to other algorithm the fruit fly has an evident
dominance in terms of vision and olfactory. They usually have an appropriate technique to find food
very quickly, after determine the position, and then fly to the object. [9]. FOA consists of the
following steps:

1-This step determines the location and numbers of the flies group (xo, yo); and also the number
iteration used.

2-Settle the unplanned direction and distance.

Xi=x0+ RandomValue (D)
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Yi=yo+ RandomValue.
3-Since the flies groups don’t know the real place of the optimal solution, the distance between the
group and the source (dist) is basically calculated. The smell concentration is known by the value S.

disti = VX2 +Y? ©)
S = 1/ dist;
4-By replacing the fitness function S, the smell concentration of the fruit fly is obtained as following:
Smell; = Function (S;) (3)
5-Determines the individual that has the most high smell in the flies group.
[bestSmell bestIndex] = max (Smell) (@)

6-Carry the best amount of concentration (x;, y:), of the position, so that fruit flies will fly toward it.

7- Repeat the steps (2)—(5) to insert iterative optimization, in case the taste concentration number at the
present time is better than the iterative flavor concentration number at the precedent moment. If yes,
then execute step (6).

Smellbest = bestSmell

xi = (bestIndex) 5)

yi = Y(bestindex) .

3. SINE COSINE ALGORITHM (SCA)

It is an easy and efficient optimization procedure, lately proposed by Seyedali Mirjalili (2016). As
shown, this algorithm uses a numerical equations axed on sine and cosine functions. In this proposed
method, a set of agents is used to find the space of possible solutions. The following equations are
used to determine the updated position of an agent [10]:

(-1, . sr . o we(t-1) .
‘X{”‘. +1xsin(r)x| xS, =XV, 1, <05

wm _ |
Xf'.,." -
X"+ xcos(r)<|r#S, X", 1,205

(6)

Where X;;© is the j-th size of the i-th solution in the population at the t-th iteration; Sj is the j-th
dimension of the actual best solution; r1, r,rs, ra are random numbers and || express the absolute value.
As can be appreciated from the above equation, ry, r, rz and r4 are the principal parameters of SCA.
The factor r; is used to find the direction of the movement generated by the search agent i which can
eventually be in the area between X; and the actual best solution or outwards. It’s important to notice
that the search between the solutions is the exploitation section, whereas the movement far from them
designates the exploration of the search space. For balancing exploitation (r, < 1) and exploration (r1 >
1) the factor is settled as [11]:

no=a-t= ()
: T indicates the number of iterations and a is a constant value. The factor r is
in the interval [0, 2z] and describes how far the agents moves around the
optimal solution. The weighting factor rz is a random number in [0, 2] which stochastically
emphasizes or understates the effect of the best solution in defining the distance. Lastly, the parameter
r; takes random values in [0, 1] and switches between the sine and cosine components in (6).

4. ANEW HYBRID FRUIT FLY OPTIMIZATION ALGORITHM

Fruit fly optimization algorithm (FOA) in an efficient algorithm for determining an optimal solution to
a given problem, it find the best position of an agent at each iteration. All the other agents are therefore
gathered at the position that agent which leads the population. In this case if the agent is not the global
optimum, the algorithm can surely lose it convergence speed, it precision and end up falling into the
local optimum.
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Sine Cosine algorithm generates several random initial solutions, revolving around the best solution
and using the equations essentially based on sine and cosine functions. To also increase exploitation
and exploration in different areas of optimization, many variables are integrated into the algorithm.

In this work the basic FOA is associated with position updating equations in SCA algorithm. These
equations guarantee the exploitation and exploration capabilities to make the developed hybrid
algorithm more efficient. It updates the position of solution with respect to destination.

The hybrid Algorithm is implemented by using the following equations:
Xi = x0+ RandomValue+ SCA position updating equations (using sinus) 8
Yi = yo + RandomValue+ SCA position updating equations (using cosinus)

Establish the random direction and distance of an agent. To develop the new hybrid Fruit Fly
optimization algorithm (HFOA), FOA uses SCA to operate the optimal position. The position of the
Fruit Fly is updated in combination of the update method used by Sine cosine algorithm.

5. RESULTS

To determine if the developed HFOA demonstrates high performance, this work uses 13 Benchmark
functions shown in Table 1. FOA (Fruit Fly Optimization Algorithm) SCA (Sine Cosine Algorithm),
PSO

(Particle swarm optimization algorithm), BA (Bat algorithm), WOA (Whale Optimization Algorithm),
GA (Genetic Algorithm) and GWO (Grey Wolf Optimizer) are used as competitors in this testing.

Table 1: The Benchmark functions

Fun:tlon Names Unmlwoda Multimodal | Range (Ib, ub) Fmin Sepaerabl Inseparable
F1 Sphere v X [-100,100] 0 v X
F2 Scpwefel v X [-10,10] 0 X v
F3 Quartic N X [-1.28,1.28] 0 N v
F4 Rosenbrock v X [-30,30] 0 X v
F5 Ackley X v [-32,32] 0 X v
F6 Griewank X v [-600,600] 0 X v
F7 Rastrigin X v [-5.12,5.12] 0 v X
F8 Penalized 2 X v [-50,50] 0 X v
F9 Foxholes X v [-65,65] 1 N X
F10 Kowalik X v [-5,5] 0.0003 X v
F11 SHCB X v [-5,5] —1.03160 X v
F12 Branin X v [-5,5] 0.3980 v X
F13 Goldstein P. X v [-2,2] 3 v X

In this work it is used 13 well-known functions. The size of the presented optimization functions are
settle to 30 and the number of iteration 500. The numerical description is shown in Table 1, where Ib
and ub represent the lower and upper bounds of the solution X, respectively.

In this test, to evaluate the searching performance of the eight algorithms, it is used statistical
measures such as average, these algorithms are used to determine the search ability of eight
algorithms. It is used eight algorithms to perform 30 separate runs for each optimization function and
obtain the statistical results, which are averaged.
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Table 2: Statistical results of the algorithms

HFOA | FAO [ SCA [ PsO | BA [ BOA | GwWO | GA

FN NAMES | FMIN VERAGE

F1 Sphere 0 | 252e-04 | 00015 7.65 66312 | 153E+01 | 141E-30 | 659E-28 | 0.118
F2 | Schwefel222 | 0 | 3.30E-01 | 5245 | 133E-02 | 8463 184E+01 | 1.06E—21 | 7.18E-17 | 0.145
F3 Quartic 0 | 742E04 | 4349 | 657E-02 | 0.008 101E+01 | 0001425 | 0002213 | 0014
F4 | Rosenbrock 0 04070 | 29.174 | 184E+05 | 935188 | 4.07E+03 | 27.86558 | 26.81258 | 0.714
F5 Ackley 0 | 370E-02 | 0114 | 1.20E+01 | 3405 494E+00 | 7.4043 | LOGE-13 | 0956
F6 | Griewank 0 | 543E07 | 281E-06 | 830E-01 | 1599 598E-01 | 0000289 | 0.004485 | 0.487
F7 | Rastrigin 0 | 25978 | 106585 | 365E+01 | 64511 | 265E+02 |ION 0.310521 | 0.659
FN NAMES | FMIN | HFOA | FAO SCA PSO BA BOA GWO

F8 | Penalized? 0 0235 | 6.18E-01 | 4.49E+04 2'%11E+ 247E+00 | 1.889015 | 0.654464

F9 Foxholes 1 1.145 1'2071E+ 1.53E+ 00 2'7010E+ 484E+00 | 2.111973 | 4.042493

Fol Kowalik | 0.0003 - 8.04E-04 | 101E-03 | 137E-03 | 5.15E-03 | 0000572 | 0.00033

Fl SHCB L0330 | TLE8E | 03 | 103 ~1.03E 1.03163

1 16 01

"1 | BraninRCOS | 0398 | 35329 1'90%E+ 0.399 0.399 0397914 | 0.39788

F1 | Goldstein 3 | 499.443 | 6E+02 3.00002

3 Price

The results of the FAO, SCA, PSO, BA, BOA, GA and GWO algorithms used in the comparison of
the HFOA in Table 1 are taken from [12], [13], [14], [15] and [16]. As shown in Table 2 for the
function SCHB the algorithms SCA, PSO, BA, BOA and GWO gave optimal results, in the same way
for the function Goldstein Price, CA, BOA, and GWO also gave efficient results, and for the Rastrigin
function only BOA gave an optimal Result.

Moreover, HFOA showed more good performance than the other 7 algorithms in terms of average
while solving 6 benchmark functions. Also, HFOA is shown to be an efficient and powerful algorithm
for solving optimization problems. Looking at the results of the HFOA algorithm Kowalik function
HFOA was able to reach the optimal value of the function while the other algorithms did not. Quartic,
Rosenbrock, Griewank, Penalized2 and Foxholes functions gave the best results in comparison to the
results obtained by the other algorithms and the algorithm was able to get the closest results to the
optimal values of the functions. Sphere and Ackley gave a good result and came as second best as we
can see in the Table 2. The results obtained proved that the HFOA can potentially solve real
optimization problems in like manner the other algorithms.

6. CONCLUSION

Optimization is a vast and complex field. In recent years, scientists have developed many algorithms
to solve this optimization issue, but unfortunately few of them have given reliable solutions. In this
study, a hybrid HFOA is developed to solve Benchmark optimization problems. The algorithm takes
advantage of the position updating capabilities of sine cosine algorithm and also the exploration and
exploitation abilities to obtain optimum solutions. This was done by testing the proposed algorithm
with 13 Benchmark functions and comparing them with the basic FOA, SCA, PSO, BA, WOA, GA
and GWO algorithms. The results showed that the HFOA produced good performance into some
functions and have outperformed the other algorithms in solving Benchmark problems.
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SURFACE ROUGHNESS VALUE IN THE DIN 1.2343 MATERIAL MACHINING
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ABSTRACT

Turning of materials above 45 HRC Hardness is defined as hard turning. After the workpiece material
is hardened by heat treatment, abrasion resistance increases according to the place of use. But
hardening materials are very difficult for machining. Hard turning is also a finish turning process.
Therefore, it must have very good surface quality. Good surface quality and low tool wear are
desirable during the hard turning. Thus, the reduces frictional losses. In this experimental study, the
material of DIN 1.2343 is machined with a hard metal insert. Wear of the tools formed during
machining; temperature, sound intensity and surface roughness values were investigated. Accordingly
experimental result, the amount of wear increases, the sound intensity increases, the surface roughness
value deteriorates and the temperature increases.

Keywords: DIN 1.2343, hard turning, tool wear,surface roughness

Introduction

The increasing world population has enabled more devices to take part in our lives. The use of more
devices and machines resulted in more energy consumption. More energy is produced due to increased
energy consumption. The majority of the energy produced is derived from fossil fuels. The
combustion of fossil deposits causes the release of gases harmful to the environment. These harmful
gases create a greenhouse gas effect and increase the temperature in the world. The increased
temperature causes the glaciers to melt and increase the water level. With each passing day the habitats
are reduced further. Only in the coastal areas of the sea and the ocean does not shrink living spaces.
Temperature rise creates desertification. Desertified soils cannot be planted. It becomes unusable.
Thus, living spaces are destroyed. Farmland is reduced. The quantity of food produced does not
suffice. Instant floods with melting glaciers. Immediately, the need for fresh water becomes unmet.
For these reasons, many studies are carried out on energy consumption [1-8].

Increased droughts cause the destruction of forests and the extinction of forests leads to higher drought
and temperature increases.

The machines are being run more and more to meet increased production. Rather than running
machines, it is a problem that they do not work efficiently. Machine life must be longer. A machine
that is used for a short period of time consumes a lot of energy both in production and in use. Efficient
use of energy resources is essential for a sustainable world. In this context, measures to increase the
life of the machine, which is of great importance, should be taken. More efficient designs, lower
material usage, more wear-resistant, friction-resistant machine parts will minimize energy waste in
life. Because almost every material we see and use is obtained as a result of the processing of a
machine. The production of this machine is a very important issue. This is because an efficient
machine will consume less energy during its lifetime. The number of waste products will be reduced.
It will reveal durable products. Therefore, manufacturing is of great importance in the industry.
Quality and low energy consumption are the priority values to be considered in machine
manufacturing which is the starting point of manufacturing. For a quality surface, low surface
roughness values should be obtained[9-14].

Materials and Methods

In this experimental study, DIN 1.2343 hardened material was used. As a result of the vacuum
hardening process, a hardness value of 50 HRC was obtained. The material is 50 mm in diameter and
250 mm in length. Since the material is long, it is machined between lathe and tailstock. 0.1 mm depth
of cut was selected. Cutting speed 150 m / min. The feed rate was determined as 0.15 mm / rev. Since

WWW. EUROASIAjOURNAL.ORG Volume (7), Year (2019) Page 28



EUROASIA JOURNAL OF MATHEMATICS-ENGINEERING NATURAL & MEDICAL SCIENCES
InTerneTional INdexed & Refereed

hard turning is a finish turning process, it is aimed to obtain a good surface quality. For this, the
cutting parameters were determined.

It is possible to process materials up to 55 HRC with carbide inserts. Therefore, in this experimental
study, carbide insert with WNMG 080408 geometry of Taequtec was used. Experimental study was
carried out on TTC 630 model CNC lathe of Taksan company. Machine power 20 KW. The speed is
4000 RPM.

Dino Capture optical microscope was used to monitor tool wear.

At the time of processing, LT pensampermeter was used to measure the current value. A phase value
was measured. The voltage values are taken from the regulator. Total power consumption is calculated
by multiplying the total time.

The surface roughness value was measured with the Mitutoyo SJ 201 roughness tester. Measurements
were taken at 3 different points and the aricmetic mean was calculated. The sampling range was
selected as 0.8.

Experiment results

Relationship between tool wear and temperature

Temperature values increase with increasing wear amount. Because as the tool wear increases, the
amount of friction increases. The temperature increases with increasing friction. The increase in
temperature causes expansion. the expansion causes a greater frictional force. therefore, sudden
increases in temperature rise are observed after a while.

During each machining process, 3 passes are removed. 0.1 mm depth of chip is taken constant for each
pass. Feed rate 0.15mm/rev. cutting speed 150 m/min. It was obtained. According to the images
obtained from the thermal imager, the average temperature values increase to 150 C during the 1st
Processing, 160 C during the 2nd Processing and 180 C during the 3rd machining.
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Figure 1. Relationship between tool wear and temperature

Tool wear causes temperature rise. At the same time, tool wear accelerates as temperature increases.
Excessive temperature increase will damage the chemical structure of the material. Changing chemical
and mechanical properties affects the performance of the machine part. Especially in heat treated
workpieces, the increase in temperature decreases the hardness value. Reduces resistance to wear and
friction. Increased temperature and friction cause an increase in energy loss.

The relationship between tool wear and current value

As tool wear increases, friction and temperature increase, so the current value increases. The machine
tool is forced more. Chip removal becomes difficult. Power consumption increases. Depending on the
power consumption, the amount of energy consumed on the machine tool increases. Microscope is
used to investigate tool wear. Current value can be measured instantaneously. Therefore, it is of
paramount importance to check the instantaneous current value in tool condition monitoring.

It is known that cutting forces increase as long as tool wear increases. Thus, a strong relationship can
be established between the increase in shear forces and the current value.
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Figure 2. Relation between tool wear and instantaneous current value

Surface Roughness Value

Surface finish is especially important for finish turning operations. Because the regular work of the
machine parts is ensured with good surface quality. The surface quality must be high to produce a low
friction force. The surface roughness value increases with increasing tool wear. The increased amount
of wear causes the tip radisun to grow after a while. increasing tip radisu has a positive effect on
surface quality. However, the increasing amount of wear and vibrations cause deterioration of surface
quality.

Time 10 20 30
(min)

Ra 0,38 0,74 0.80

Figure 3. Relation between tool wear and surface roughness

In this experimental study, it was seen that carbide inserts can be removed for a long time in DIN
1.2343 material which is a hard material. The surface roughness values of less than 1.3 micrometer
value indicates that the surface is close to the quality of grinding.

Results
As a result of these experimental studies;
It was observed that the temperature increased as the tool wear increased. It has been observed that the
friction force increases with increasing wear amount and therefore the temperature values increase

rapidly.

It has been seen that energy consumption on the machine tool increases due to tool wear. current
values increase. The current value measured in single phase increased from 2.60 A to 3.80 A.

Surface roughness values are also increased due to tool wear. The surface roughness values are less
than 1 micron despite the 30 minutes metal removal time. It has been found that carbide inserts can be
used up to a certain hardness value as it provides good surface quality.

WWW. EUROASiAjOURNAL.ORG Volume (7), Year (2019) Page 71



EUROASIA JOURNAL OF MATHEMATICS-ENGINEERING NATURAL & MEDICAL SCIENCES
InTerneTional INdexed & Refereed

References

1. Newman, S. T., Nassehi, A., Imani-Asrai, R. & Dhokia, V. Energy efficient process planning for
CNC machining. CIRP J. Manuf. Sci. Technol. (2012). doi:10.1016/j.cirpj.2012.03.007

2. Mori, M., Fujishima, M., Inamasu, Y. & Oda, Y. A study on energy efficiency improvement for
machine tools. CIRP Ann. - Manuf. Technol. (2011). doi:10.1016/j.cirp.2011.03.099

3. Kant, G. & Sangwan, K. S. Prediction and optimization of machining parameters for minimizing
power consumption and surface roughness in machining. J. Clean. Prod. (2014).
doi:10.1016/j.jclepro.2014.07.073

4. Zhao, G. Y., Liu, Z. Y., He, Y., Cao, H. J. & Guo, Y. B. Energy consumption in machining:
Classification, prediction, and reduction strategy. Energy (2017). doi:10.1016/j.energy.2017.05.110

5. Zhou, L. et al. Energy consumption model and energy efficiency of machine tools: A
comprehensive literature review. Journal of  Cleaner Production (2016).
d0i:10.1016/j.jclepro.2015.05.093

6. Balogun, V. A. & Mativenga, P. T. Modelling of direct energy requirements in mechanical
machining processes. J. Clean. Prod. (2013). doi:10.1016/j.jclepro.2012.10.015

7. Behrendt, T., Zein, A. & Min, S. Development of an energy consumption monitoring procedure for
machine tools. CIRP Ann. - Manuf. Technol. (2012). doi:10.1016/j.cirp.2012.03.103

8. Peng, T. & Xu, X. Energy-efficient machining systems: A critical review. International Journal of
Advanced Manufacturing Technology (2014). doi:10.1007/s00170-014-5756-0

9. Kumar, R. & Chauhan, S. Study on surface roughness measurement for turning of Al 7075/10/SiCp
and Al 7075 hybrid composites by using response surface methodology (RSM) and artificial neural
networking (ANN). Meas. J. Int. Meas. Confed. (2015). doi:10.1016/j.measurement.2015.01.003

10.Sharma, V. S., Dhiman, S., Sehgal, R. & Sharma, S. K. Estimation of cutting forces and surface
roughness for hard turning using neural networks. J. Intell. Manuf. (2008). doi:10.1007/s10845-
008-0097-1

11.Lalwani, D. I., Mehta, N. K. & Jain, P. K. Experimental investigations of cutting parameters
influence on cutting forces and surface roughness in finish hard turning of MDN250 steel. J. Mater.
Process. Technol. (2008). doi:10.1016/j.jmatprotec.2007.12.018

12.Nalbant, M., Gokkaya, H. & Sur, G. Application of Taguchi method in the optimization of cutting
parameters for surface roughness in turning. Mater. Des. (2007). doi:10.1016/j.matdes.2006.01.008

13.0zel, T., Hsu, T. K. & Zeren, E. Effects of cutting edge geometry, workpiece hardness, feed rate
and cutting speed on surface roughness and forces in finish turning of hardened AISI H13 steel. Int.
J. Adv. Manuf. Technol. (2005). doi:10.1007/s00170-003-1878-5

14.Hessainia, Z., Belbah, A., Yallese, M. A., Mabrouki, T. & Rigal, J. F. On the prediction of surface
roughness in the hard turning based on cutting parameters and tool vibrations. Meas. J. Int. Meas.
Confed. (2013). d0i:10.1016/j.measurement.2012.12.016

WWW. EUROASIAjOURNAL.ORG Volume (7), Year (2019) Page 72



EUROASIA JOURNAL OF MATHEMATICS-ENGINEERING NATURAL & MEDICAL SCIENCES
InTerneTional INdexed & Refereed

PERFORMANCE EVALUATION OF RPL
OBJECTIVE FUNCTIONS WITH CoAP IN LOW POWER AND LOSSY NETWORKS

Alper K. DEMIR
Assist Prof. Dr. Dept. of Computer Engineering
Adana Alparslan Turkes Science and Technology University
Sedat BILGILI
Res. Asst. Dept. of Computer Engineering
Adana Alparslan Turkes Science and Technology University

ABSTRACT

Low Power and Lossy Networks defines a network structure which consists of contrained devices.
Low Power and Lossy Networks (LLNs) are highly challenging networks as they are extremely
resource constrained in terms of processing power, memory and energy, such as battery. LLNs are
intrinsically deployed in harsh environments and commonly show unstable low bandwidth, high
packet loss and link failures. It is expected that LLNs will bring new innovative applications into our
lives. On the other hand, it is not possible to use standardized internet protocols because LLN devices
are weak in terms of memory and processing power. As a result, IETF formed 6LoWPAN WG and
ROLL WG to bridge LLNs with the Internet. ROLL WG standardized RPL for the routing needs of
LLNs. RPL leverages different Objective Functions (OFs) to construct RPL topology. Further, IETF
standardized CoAP application layer protocol for the data exchange needs of LLN nodes. Also,
because there are restricted devices in LLN networks, heavy protocols such as TCP cannot be used.
Mechanisms such as congestion control implemented by TCP are operated with applications such as
CoAP in the application layer in networks consisting of restricted devices. How RPL OFs will perform
when CoAP is used at application layer is not broadly investigated area. Like so, in this work, we
evaluated different OFs of RPL where LLN nodes run CoAP for data exchange. MRHOF and OFOQ, the
two most commonly used Objective Functions in RPL, were considered in the evaluations in this
study. Our results indicate that Minimum Rank with Hysteresis Objective Function (MRHOF)
demonstrate better results than Objective Function Zero (OFO).

Index Terms: RPL, CoAP, Low Power and Lossy Networks, OF0, MRHOF

I. Introduction

Low Power and Lossy Networks (LLNs) are composed of a large number of low power wireless nodes
along with one or more gateway nodes [1]. The low power nodes are wirelessly interconnected with
each other and identified by constrained resources such as energy, processing, memory and bandwidth.
The gateway nodes connect the LLN into another network such as the Internet. Such an example LLN
network is presented at Figure 1. As wireless nodes possess limited power and run in lossy harsh
environments, LLNs usually exhibit unstable low data rate, packet losses and momentary link failures.
LLNs pioneer many applications, including healthcare, energy metering on the smart grid, smart webs,
smart houses, smart cities and intelligent transportation [2], [3]. As the cost of LLNs becomes cheaper,
faster, better and more intelligent, people will rely on these applications to make superior choices.
These applications will have a significant impact on many aspects of our lives such as how we live,
work, travel, health care and learn.

The absence of IP-based network architecture prevented LLNs from interoperating with the Internet.
Thus, Internet Engineering Task Force (IETF) chartered the 6LoOWPAN (The IPv6 in Low Power
Wireless Personal Area Networks) and ROLL (The Routing over Low-Power and Lossy Links)
Working Groups (WGs) to standardize at distinct layers of the Internet protocol stack with the target
of connecting LLNSs to the Internet. 6LOWPAN is a milestone protocol that link the LLNs with IP
world. It provides a new dimension for an intact interoperability with the Internet.

There have been several work for defining an adequate routing protocol for 6LoWPAN-compliant
LLNs such as Dymolow [4], Hydro [5] and Hilow [6]. However, none of these proposals gained
considerable attention in the area where growing demand was required for a standard solution [7]. To
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fill this gap, IETF ROLL WG has proposed a routing protocol, named as RPL. The ROLL WG of
IETF specifically designed IPv6 Routing Protocol for Low Power and Lossy Networks (RPL)
compliant with the 6LoWPAN protocol for LLNs [3], [8], [9]. To construct the RPL topology, RPL
uses the Objective Functions (OFs) that leverage routing metrics to calculate the best path of nodes.

Fig. 1: Low Power and Lossy Network

The entire topology construction is exceptionally dependent on the used OF by the LLN. The network
performance is directly affected by the means of route selection. The best route is selected according
to metrics and constraints of OFs. Thus, the notion of OF presents a great flexibility for enabling QoS-
aware routing that supports various application requirements. Hence, each application can choose a
different OF. OF defines how RPL leverage metrics into rank used to select and optimize routes. The
IETF is standardized two different OF, namely Objective Function Zero (OF0) [10] and Minimum
Rank with Hysteresis Objective function (MRHOF) [11]. The design of competent OFs is still an open
research area [12].

The Constraint  Application Protocol
(CoAP) was designed by IETF for
application layer communication
considering energy, computation, memory
and limited communication capacity of
LLN nodes [13]. The CoAP is a
INTERNET specialized web transfer protocol for
' constrained physical LLN nodes. CoAP
i has a protocol primitive that is similar to
= -is",m Border Router client-server model of HTTP (Hyper Text
BT Transfer Protocol). It is expected that
billions tiny LLN nodes will be running
CoAP protocol in the near future [14]

m— # # # Thus, in this work, we investigated how

- 4 RPL OFs, namely OF0 and MRHOF,
# # # .| achieve when COAP is operated as
Node St ‘]1 application layer protocol. Obtained
ey # # results presents that CoAP clients perform
. better when RPL MRHOF is preferred as

. an RPL OF.

End Host

I1. Related Work

We categorized the related work into Performance Evaluation of CoAP, Performance Evaluation of
RPL, Performance Evaluation of RPL OFs and CoAP-based Performance Evaluation of RPL OFs. We
provide the related work details in this section.

A. Performance Evaluation of CoAP

A low-power CoAP implementation is evaluated in a testbed experiments for two duty cycling
mechanisms [15]. The performance of CoAP is also compared to HTTP [16]-[18] and MQTT [19].

B. Performance Evaluation of RPL

The performance of the RPL is carried on a testbed
environment in terms of power consumption, packet loss and packet delay [8]. RPL performance is
evaluated in network scalability, multiple sink and mobility models configurations [20]. Evaluation
and analyzing the performance of the RPL are proceeded in other work [21]-[24].

C. Performance Evaluation of RPL OFs

Performance of RPL OFs, namely OF0 and MHROF, are evaluated on Cooja simulator [25]-[27].
MRHOF and OF-EC objective functions along with different trickle timers are used for performance
evaluation of RPL [28]. Evaluating and analyzing the performance of RPL OFs are investigated in
other work [29]-[33].

Fig. 2: Network Topology
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D. CoAP-based Performance Evaluation of RPL OFs

The performance evaluation of CoAP using RPL OF0 and MRHOF along with LPL is conducted in a
testbed environment where nodes run TinyOS [34]. It is observed that MRHOF of RPL performs
better than OFO. In this study, we also examined performance of RPL OF0 and MRHOF when CoAP
is used at application where nodes run ContikiOS.

I11. Simulation Environment

As physical testbeds are expensive and not easy to access, evaluations of objective MRHOF and OF0
have been conducted in simulation environment. For these simulations, Cooja Network Tool [35] has
been chosen. This simulation tool supports multiple nodes and operating systems. Within the selected
operating system that is ContikiOS, it is possible to select an OF for RPL routing.

For simulations, different network sizes have been considered. For this purpose, simulations have been
ran for networks with 5, 10 and 15 CoAP clients. Network topology is given in Figure 2. Also, to get
more analytic results, all simulations have been repeated for link layer PDR values 100 and 90. Each
of the created simulation scenarios has been run 5 times. All scenarios with variable values are given
in Table I. During experiments, each client sends 100 CoAP requests, and Success Rate, Average
Packet Time, Maximum Delay Between Packets and Total Time performance metrics are calculated
based on CoAP responses. : | ' |
.'l ".

A. Performance Metrics o - ) @‘ D
1) Success Rate: Success Rate indicates 10670% A=/ = par,

. .00.0%
percentage of successfully received CoAP DAGROOT 1

responses. In other words, this metric represents
application layer PDR. A
2) Average Packet Time: Average Packet (5) (6) @
Time means average of total elapsed time of - L00.0% ;
successfully received CoAP response. Elapsed
time begins when CoAP request is sent and ends
when CoAP response is received. One thing to :
consider about this performance metric is only | @P ] (0
successful CoAP request-response couples are

calculated. Failed requests are ignored for this
performance metric.

3) Maximum Delay Between Packets: This Q 0 8
metric illustrates the maximum time elapsed (? |
between two successfully received CoAP
responses. This metric can be utilized by real-time applications.

4) Total Time: Total Time is the total elapsed time to receive 100 CoAP responses.
Scenario Objective Node PDR
Function Count

1 MRHOF 5 100
2 MRHOF 5 90

3 MRHOF 10 100
4 MRHOF 10 90

5 MRHOF 15 100
6 MRHOF 15 90

7 OF0 5 100
8 OF0 5 90

9 OF0 10 100
10 OF0 10 90
11 OF0 15 100
12 OF0 15 90

TABLE I: Simulation Scenarios
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IV. Performance Evaluation

To figure out the performance difference of two different objective functions, multiple simulations
have been ran. As an outcome of these simulations, results graphs have been produced with different
performance metrics. Figure 3 shows all results graphs. These graphs were analyzed according to their
performance metrics.

A. Success Rate

Figure 3a shows the Success Rate values for different objective functions, different PDR values and
different node counts. As can be seen in this graph, for small networks which consist of only 5 nodes,
there’s no significant difference between objective functions. However, the increase in the number of
nodes makes the difference between objective functions more visible. According to the data in the
graph, in cases where the number of nodes is 10, MRHOF objective function shows a better success
rate than OFO objective function. According to these results, the reduction of PDR value from 100 to
90 did not affect MRHOF objective function much, but this did not occur in OF0 objective function.
As the network environment becomes more crowded (increasing the number of nodes to 15), these
differences become more pronounced. It is clear that the MRHOF objective function is better than the
OFO0 objective function if an assessment should be made according to the success rate metric. Again, it
can be said that MRHOF objective function can better tolerate the changes in PDR value.

B. Average Packet Time

Average packet time values for objective functions MRHOF and OFO are given in Figure 3b.
Performance difference between these objective functions is not easy to distinguish for smaller
networks with only 5 nodes. Even in small networks, effect of decreasement of PDR value is visible in
graph. Lower PDR value lead up to increased packet delivery time. For more crowded networks which
contains 10 or 15 nodes, performance difference of objective function MRHOF and objective function
OFO0 becomes clearer in terms of average packet time. For networks with 10 or 15 nodes, average
packet time is lower when objective function OF0 is chosen. However, there’s a point to keep in mind
while evaluating these results.

As previously mentioned, observations show that objective function MRHOF is superior to objective
function OFO in terms of success rate. However, in terms of average packet time, objective function
OFO0 looks better than objective function MRHOF. This is due to calculation way of average packet
time. While calculating average packet time, only successful packets are considered while failed
packets are ignored. This situation should be keep in mind while analysing average packet time values.
This case is also observable with result graph with lower PDR value in network with 15 nodes.

C. Maximum Delay Between Packets

Comparison of objective function MRHOF and objective function OFO0 in terms of maximum delay
between packets is given in Figure 3c. This graph shows the value of maximum wait time between two
sequential, successful packets. This results shows the difference between two objective function even
in small networks with 5 nodes. As the network grows larger, this difference increases. For all network
sizes, objective function MRHOF gives lower values than objective function OF0 in terms of
maximum delay between packets. Another thing to point out is, objective function MRHOF is more
resistant to changes in PDR value for maximum delay between packets values.

D. Total Time

The total time taken to transmit (successful or failed) 100 packets is given in Figure 3d. This value
also can be used while calculating average throughput. Crowded networks, packet delivery failures or
re-transmissions can increase this value. While evaluating this metric, graphs shows significant
difference between objective functions and PDR values. As a matter of course, higher total time values
are expected for lower PDR values. Once again, difference between objective function MRHOF and
OFO0 is not very significant for smaller networks. But in general, objective function MRHOF keeps its
superiority against objective function OF0. In numerical terms, total time values of objective function
OFO0 increased by approximately 55% compared to objective function MRHOF for a network with 15
nodes and PDR value is set to 100.

V. Conclusion

Performance Evaluation of CoAP over various RPL Obijective Functions is not a widely explored area.
In this work, we analyzed the performance of RPL OF0 and MRHOF. We used CoAP clients and
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different PDRs at physical layer. The reason is that CoOAP is currently a de facto standard in LLNs, and
as CoAP has default congestion control mechanism, physical layer PDR does influence the
performance. As far as we know, there is no previous research on performance evaluation of RPL OFs
when ContikiOS, CoAP and various PDR values are used for analysis. We also get the same overall
results presented in [34] where RPL MHROF is more suitable than RPL OF0 when CoAP operates at
application layer.

Success Rate Average Packet Time
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Fig. 3: Results Graphs with Different Objective Functions for Different Performance Metrics
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ABSTRACT

Meta heuristic algorithms like Particle Swarm Optimization (PSO), Genetic Algorithm (GA) and other
algorithms are great and famous techniques used to solve many hard and complex optimization
problems. This paper presents a new hybrid algorithm named Hybrid Bat Crow Search Algorithm
(HBCSA). To achieve this algorithm, two algorithms were considered. The algorithms are Crow
Search Algorithm (CSA) and Bat Algorithm (BA). The advantageous points of the two algorithms
were taken into consideration and used to design an effective hybrid algorithm that can give
significantly high performance in many benchmark functions. In addition, quantum behaved PSO
equation is used in this hybrid algorithm. This leaded to better results when testing the algorithm
against Benchmark problems. The combination of concept and functionality of Bat and Crow
algorithms enable the suggested hybrid algorithm of making an appropriate trade-off between
exploration and exploitation capabilities of the new algorithm.

For the purpose of evaluating the performance of the new Hybrid Bat Crow Search Algorithm
(HBCSA), some well known Benchmark functions were utilized. In the new algorithm every member
in the swarm will have behave like a crow in the sense of observing other members in the swarm to
see where they hide their foods. In the same time, as in bats, every member will use echo system while
searching its own solution. Echo system is integrated with PSO equations. Each member has an
awareness parameter as in CSA. According to awareness parameter a member can know whether if
another member is following it or no. These are the basic lines of the new HBCSA. The results
indicated that the proposed HBCSA can produce very competitive solution when compared to other
famous and state of the art meta-heuristic algorithms.

Key Words: Meta-Heuristic, Crow Search Algorithm, Bat Algorithm, Benchmark Functions.

1. INTRODUCTION

Nowadays researchers deal with hard and complex problems. Solving complex problems using
traditional techniques is sometimes impossible because of the complexity of the problems. That’s why
many researchers aimed to develop novel solution approaches named meta heuristics for solving
complex and hard optimization problems in reasonable cost and time. Meta heuristics, due to their
advantages, become very popular and applied to solve complex real-world problems [1, 2]. The basic
idea for most of the meta heuristic algorithms is inspiration from the behaviour of living animals in
nature, nature or physical phenomena [3, 4] divides meta heuristics in three main categories:
Evolutionary based, Physics based and Swarm based techniques.

In general, with using the powerful sides of different existing algorithms, a new better algorithm can
be developed which can use advantages of the other algorithms to perform better. Hybrid algorithm in
general is efficient from the original versions of the algorithms which was taken from. This is due to
the fact that the hybrid algorithm benefits from all the advantages of the original algorithms [3-5].

In this research, a novel hybrid algorithm is proposed based on two proposed meta heuristic algorithms
of Bat Algorithm and Crow Search Algorithm. The new hybrid algorithm is named Hybrid Bat Crow
Search Algorithm (HBCSA). The proposed hybrid algorithm benefits from advantages of both
algorithms and aims to fill their drawbacks. The modifications considered in this research result in a
very efficient algorithm which performs significantly better than the basic version of the two
algorithms. To evaluate the effectiveness of the new algorithm, well-known benchmark functions are
utilized, and the results are compared to other state-of-the-art algorithms.

WWW. EUROASIAjOURNAL.ORG Volume (7), Year (2019) Page 40



EUROASIA JOURNAL OF MATHEMATICS-ENGINEERING NATURAL & MEDICAL SCIENCES
InTerneTional INdexed & Refereed

2. RELATED WORKS

2.1. BAT ALGORITHM (BA)

Bats have great features and they are amazing. They are mammals and they have wings. Bats also have
great echolocation ability. The pulses that bats emit differ in properties and these pulses are related to
their hunting tactics and depending on the specie of the bat. Their signal bandwidth differs according
to the species, and in general, it increases by using more harmonics [6].

In simulations, virtual bats are used. Rules have to be defined on the position x(i) and velocity v(i) in a
d dimensional searching space and they are updated according to them. The new solutions x; and

velocities ¥{ at time step t are given by [6, 7]:

fi = fmin + (fmax — fmin) (1)
vf = vi 7t + (xf —x#)fi )
xf= x4 vf 3)

where B € [0,1] is a random valued vector computed using uniform distribution. Here x = is the

present global best solution (location) which is computed after looking at all the solutions of all the
bats in the swarm. fi is the velocity increment.

The loudness value A(i) and the plus emission rate r(i) have to be updated while the algorithm
iteration proceeds as follow [6, 7]:

Al = gd!, "1 = r)[1 —exp(—yt) ] )

Taking into consideration that:

Al = 0,vf = T"F,ﬂ..':'.'t—} o0

2.2. CROW SEARCH ALGORITHM (CSA)

Crows are known for their cleverness and can communicate in a sophisticated manner, remember faces
and use tools. That is why they have been recognized as one of the most intelligent animals found on
the planet. The main concept behind the algorithm is that crows store their surplus food secretly at
secret location and retrieve it whenever needed. They can recall their food hiding places even after
several months. Crows observe food hiding places of other birds and steal their food. To find the food

hiding locations of crows is a hard task to do as they can make fool the watching and following crows
by going to other location in case, they know that someone is following [9].

In the crow search algorithm, each crow will update its own position according to awareness of the
other crow that it may follow. For example, let’s assume two crows i and j. Crow i will follow crow j
to find the hiding food by crow j and steal the food. For this, crow i will update its position according
to the following formula [8, 9].

Xt X flix |mi —Xf|, ri = AP
X_[r+1:{[+rl FIEX [m il TL= A5 (5)

a random position atherwise

Where AP} is the awareness of crow j and f1} is the flight length of crow i. In other words, if crow j

feels that crow i is following him, crow i updates to a random place in solution space. It is worth
noting that for a crow i, a crow j is picked in random way and is used to update its position [8, 9].
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2.3. PROPOSED HYBRID MODEL

In the new algorithm, every member in the swarm will have behave like a crow in the sense of
observing other members in the swarm to see where they hide their foods. In the mean while as in
bats, every member will use echo system while searching its own solution. Echo system is integrated
with particle swarm optimization equations. Each member has an awareness parameter as in CSA.
According to awareness parameter a member can know whether if another member is following it or
no. Member j may not know that member i is following it. due to that, crow i approaches to the hiding
place of crow j. Member j may know that member i is following it. due to that, and for the purpose of
protecting the food it hid from being stolen, member j will trick member i by changing its course and
moving to another position of the search space. A member will use echo system alongside with
guantum behaved particle swarm optimization equations to locate best food (solution) place [11]. In
the same time, it will keep an eye on foods place (solutions) found by the others it follows. According
to them its new location in the search space is defined. In addition, local search is applied so every
member will try to improve its own solution by looking to nearby solutions. This help in exploration
phase of the algorithm.

Below is the pseudo code of the proposed algorithm:

Initialize positions of the flock in the swarm (N) in the search space in random way
For each member Evaluation is made of its position
Set the initial values of memories for the members in the swarm
Calculate the objective function for each member.
while current iteration < total iterations number
fori=1-> N (all N member of the swarm)
Choose one of the members to follow (j for example) randomly.
Define an awareness probability
If (random value >= AP)
Generate new solutions by using quantum behaved particle swarm optimization equations.
And approach the member j position.
else
generate a new position randomly
end
With a randomly generated probability generate a local solution near the best solution.
end for
foreach member in the swarm
Check whether the solution found by the member j is better and update solution
end foreach
if (rand < A(i) & f(xi ) < f(x*))
The new generated solution is taken
Increase ri and reduce Ai
End
If solution doesn’t does not improve after defined number of steps
Initialize the loudness values of Ai and reset pulse rates ri
end while

Process and visualize the acquired results

3. RESULTS AND DISCUSSION

Meta heuristics are stochastic algorithms thus, several Benchmark functions are needed to be solved to
ensure the efficiency of the algorithms. In this research, many benchmark functions were used to
evaluate the performance of the proposed HBCSA against well-known meta heuristic algorithm in
exploration and exploitation abilities. For validating the efficiency of the proposed hybrid algorithm,
the performance of HBCSA is compared to CSA and BA, as well as other well know algorithms.
Average values are used to compare results.

For comparison made in Table 1, all the algorithms were compared using the same set of parameters.
Number of runs of each algorithm was set to 2000 iterations, decision number variables (dimension) is
set to 10 and population size is set to 20.
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For comparison made in Table 2, number of runs of each algorithm was set to 2000 iterations, decision
number variables (dimension) is set to 10 and with population size is set to 50. Tablel and Table 2 are
showing the results of comparing the proposed HBCSA with CSA, BA and an Improved Bat
Algorithm (IBA) respectively [6-10].

Table 1. Comparing HBCSA with Crow Search Algorithm.

Benchmark Functions FMIN HBCSA | CSA
AVERAGE
F1: Sphere 0 1.10E-117 4.09E-11
F2: Rosenbrock 0 3.2731 10.86
F3: Griewank 0 0.11141 0.21
F4: Schwefel 0 1.49E-74 6.27E-03
F5: Ackley 0 4.56E-15 1.9
Table 2: Comparing HBCSA with BA and IBA.
Benchmark Functions FMIN HBCSA | BA IBA
AVERAGE
F1: Sphere 0 1.41E-284 7.90E-01 8.11E-06
F2: Zakharov 0 1.20E-298 3.38E+01 4.63E-03
F3: Sum of Different Power 0 2.72E-03 5.38E-06
F4: Dixon-Price 0 0.66667 7.90E+01 0.66667
F5: Step 0 5.20E-19 7.90E+01 6.67E-01
F6: Michalewicz -9.66015 -8.2989 -5.16 -7.91
F7: Griewank 0 0.12181 1.14E+01 1.34
F8: Easom (d=2) -1 -3.25E-02 -9.99E-01
F9: Perm (d=4) 0 9.66E-02 3.54E-01 7.16E-02
F10: Six Hump Camel Back (d=2) -1.0316 -1.03093

From the results, it is clear that the proposed hybrid algorithm performs significantly better than two
meta-heuristic algorithms of BA and CSA. This is due to high exploration and exploitation ability of
the proposed algorithm and this is normal due to the fact that the hybrid algorithm is made of these
two algorithms and uses the best features of them.

The only exception was in Table 2 where the improved version of Bat Algorithm IBA was able to get
a slightly better result in F9 Perm function. But HBCSA was again able to over perform at the other
test benchmark functions.

A comparison is performed among HBCSA and other metaheuristic algorithms, and statistical analysis
on simulation results is given in Table 3 [17]. These algorithms are Cuckoo Search Algorithm [12],
Deferential Evolution Algorithm [13], Firefly Algorithm [14], Genetic Algorithm [15], Particle Swarm
Optimization Algorithm [16]. The Benchmark functions are selected in such a way that they can assess
the algorithm’s ability to converge fast, jump out of local optima, ability to achieve a large number of
local optima and avoid premature convergence. The average values obtained by the new hybrid
algorithm and other algorithms on various test bed benchmark functions are listed in Table 3. The
simulation results indicate that HBCSA generally gives very good performance compared with other
algorithms.

For comparison made in Table 3, each algorithm was set to 10000 iterations, decision number
variables was set to 30 (or based on the type of Benchmark function if 30 is not applicable) and
population size was set to 50.
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Table 3: Comparing HBCSA with other algorithms

HBCSA | [ I DE I FA [ GA [ PSO
Benchmark Functions FMIN AVERAGE
F1: Sphere 0 5.70E-285 | 6.489420E—61 | 2.61780E—165 | 7.86960E—04 | 2.20390E—02 [ 1.76657E-51
F2: Beale 0 9.767450E—61 1.36830E—04 | 9.67890E—03 | 1.12460E—50
F3: Step 0 3.28E-16 1.22E+00 1.3000E-01 2.3026E-02 | 1.31167E-31
F4: Quartic function with noise 0 1.03E-03 1.24E+01 2.61590E-03 | 5.95780E—02 | 2.73870E—03 | 3.740E+00
F5: Bohachevsky 0 4.9218E-04 3.0393E-02
F6: Ackley 0 5.86E-15 1.71E+01 1.72E+00 7.7334E-04 | 4.6683E-02 1.82E+01
F7: Griewank 0 2.01E+01 9.220E-17 1.070E-07 | 5.55980E—02 4.05E+01
F8: Levy 0 1.35E-31 1.62E+01 5.9824E-02 1.20E+00 1.3732E-04 4.93E+00
F9: Michalewiz —-9.66015 | -7.8322 —8.06E-+00 —9.61550E+00 | —8.88E+00 —9.66E-+00 —7.750E+00
F10: Rastrigin 0 71.6037 1.08E+02 1.25E+01 3.47E+01 1.65E+01 1.45E+02
F11: Alpine 0 3.8031 1.06E+01 6.9E-16 1.19340E—02 | 3.14740E-17 | 4.44020E—02
F12: Schaffer 0 | 9.8155E-01 | | 1.4304E-02 | 1.68965E-17
F13: Rosenbrock 0 1.840E+01 3.79E+01
F14: Easom -1 \
F15: Shubert -
186.7309
F16: Schwefel 2.21 0 3.6728E—03 1.02E+00 1.43170E-04 | 4.66620E-02 | 1.0586E—01
F17: Schwefel 2.22 0 1.12E+01 8.15E-91 1.50460E—03 | 5.43670E—02 7.28E+01
F18: Booth 0 1.8174E—05
F19: Goldstein price 3
F20: Matyas 0 | 1.3308E-06 |
F21: Powell 0 1.31E+02 2.3957E-04 | 3.2713E-02 3.37E+03
F22: Power sum 0 | 1.66E-04 [ 1.40150E-02 | 6.27360E-04 | 1.29050E—04 | 1.29970E-04 | 1.98390E—04 |

[ The best result [ | Secondary best result |

When the results of HBCSA are examined, it is noticed that HBCSA is reaching the optimal values in
8 functions of F2, F5, F7, F12, F14, F15, F19 and F20 and was better than most of the other
algorithms in most of these functions. This indicates the efficiency of HBCSA. HBCSA was able to
reach near optimal results in 7 functions of F1, F4, F6, F8, F13, F17 and F21 and its results was better
than most of the other algorithms’ results of the other algorithms used in comparison. In the others 7
functions of F3, F9, F10, F11, F16, F18 and F22 HBCSA couldn’t get the best values comparing to
other algorithms and the other algorithms reached better results than HBCSA. In general, the results
prove the efficiency of HBCSA and that HBCSA performs significantly better than other meta-
heuristic algorithms used in the comparison.

4. CONCLUSION

This paper presented a novel hybrid optimization algorithm named Hybrid Bat Crow Search
Algorithm (HBCSA). It is population-based on the behaviour of crows and bats. In HBCSA, the
control parameters are used to control the performance of the algorithm. Simulation results show that
the performance of the proposed new algorithm is promising since it has produced competitive results
in comparison with the other studied algorithms. On a set of benchmark functions, it is observed that
although the other algorithms are known as fast techniques, they were outperformed by HBCSA at
some benchmark functions. Due to the fact That the advantages of the two algorithms (BA and Crow
Search Algorithm) are considered and utilize to design an efficient hybrid algorithm, this leaded to
significantly better perform in various benchmark functions. In addition, quantum behaved PSO
equation is used in this hybrid algorithm. This enhanced the results even more when testing the
algorithm against Benchmark problems.
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CU(IT) IYONLARININ AKTIVE EDILMIiS$ KARISIK TIPTEKI KiL iLE SUDAN
UZAKLASTIRILMASI, iZOTERM, KINETIiK VE TERMODINAMIK PARAMETRELERIN
INCELENMESI
ISOTHERM, KINETIC AND THERMODYNAMIC ANALYSIS OF SOME HEAVY METAL
ION’S ADSORPTION ON NATURAL AND MODIFIED CLAY MINERALS (SIIRT/KURTALAN)

Nilgiin ONURSAL
Siirt Universitesi Egitim Fakiiltesi, Siirt
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Yiiziincii Y1l Universitesi Saglik Hizmetleri Meslek Yiiksekokulu, Van
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OZET

Bu c¢alismada Cu(Il) iyonlarinin sulu ortamdan uzaklastirilmasi icin asit ile modifiye edilen kil
kullanilmistir. Sicaklik, konsantrasyon, pH, temas siiresi gibi adsorpsiyona etki eden parametreler
incelenmistir. Elde edilen veriler Freundlich, Langmuir, Temkin ve Dubinin-Radushkevich
adsorpsiyon izotermlerine uygulanmis, verilerin en ¢ok Langmuir adsorpsiyon izoterm modeline
uydugu degerlendirilmistir. Adsorpsiyon kapasitelerinin 298; 303 ve 313 K i¢in sirastyla 30,30;
26,18; 47,17 mgCu/g aktive edilmis kil oldugu bulunmustur.

Kinetik veriler Lagergren, Ho-McKay, Weber-Morris ve Elovich modellerine uygulandiginda verilerin
daha ¢ok, Ho McKay ikinci derece hiz denklemine uydugu degerlendirilmistir.

Ayrica serbest enerji, entalpi ve entropi gibi termodinamik veriler hesaplanmis ve Cu (II) i¢in AHo=
107,07 k j/mol, ASq=0, 378 k j/mol ve AGags= - 5,75 kj/mol, AGsos= -9,54 kj/mol, AGas= - 13,32
kj/mol oldugu bulunmustur.

Anahtar kelimeler: Bakir, Adsorpsiyon, Kinetik parametreler, Termodinamik, Ham kil ve Aktive
edilmis kil.

ABSTRACT

In this study, modified mixed type clay are being used for removal of Cu(ll) from aqueous solution.
The parameters affecting the adsorption, such as temperature, concentration, pH, contact time were
examined. The data were applied to the Freundlich, Langmuir, Temkin and Dubinin-Radushkevich
adsorption isotherms and Langmuir adsorption isotherm model was evaluated as the best fit in
accordance with the data. Adsorption capacities of 298, 303 ve 313 K were found to be 30.30, 26.18
and 37.17 mg Cu/g activated clay, respectively.

When the kinetic data were applied to the Lagergren, Ho-McKay, weber- Morris and Elovich models,
it was seen that the data mostly complies with the Ho-McKay pseudo second order equation.

Also, thermodynamic data such as free energy, enthalpy and entropy were calculated and as a results
show that AHo= 107,07 k j/mol, AS0=0, 378 k j/mol ve AG298= - 5,75 kj/mol, AG308=-9,54 kj/mol,
AG318= - 13,32 kj/mol, for adsorption of Cu(ll) on activated clay.

Keywords: Adsorption, Clay, Copper, Lead, Heavy metal, Thermodynamics, Raw clay and Activated
clay.

1.GIRIS

Agir metallerin kullanimi oldukga eski donemlere dayanmaktadir. Diinyada sanayilesme ile beraber
metal iiretimin artmasi, ¢evre sorunlarinmi da beraberinde getirmektedir. Bu ¢evre sorunlar1 arasinda
¢ok onemli yer tutan faktorlerden biri ise, agir metallerin dogrudan dogayi kirletmesidir.
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Agir metallerin sayis1 60'dan fazla olup bunlardan bakir, kursun, demir, kobalt, kadmiyum, krom,
kalay, nikel, ¢inko, aliiminyum, vanadyum, molibden, mangan en ¢ok bilinenlerdir. Bu elementler
dogada genel olarak kararli bilesikleri olan siilfiir, silikat, oksit ve karbonat bilesikleri
halindedirler(Cay, 2014).

Dogada 6nemli kirletici grubunda yer alan agir metallerin toksik ve kanserojen etkileri bilinmektedir.
Agir metallerin biyolojik siireglere katilma durumlarina gore, yagamsal veya yasamsal olmayan olarak
ayrilir. Bu agir metallerin yagsamsal olarak bulunmasi yani biyolojik reaksiyonlara katilmalar: i¢in,
organizmalarin yapisinda gerektigi oranda bulunmalari ya da diizenli bir sekilde besinler aracilig ile
alinmalan gerekmektedir. Ancak yasamsal olmayan agir metallerin eser miktardaki konsantrasyonlar
dahi ciddi saglik problemleri olusturabilmektedir. Agir metalin yasamsal degeri organizmadan
organizmaya farklilik gdsterir. Hayvanlarda iz elementi olarak bulunmasi gereken nikel, bitkiler i¢in
zararl bir elementtir. (Filiz, 2007)

Bakir, Cu ile sembolize edilmekte olup, atom numarasi 29, atom agirlig1 63,54 dir. Bakirin tarihgesi
cok eskiye dayanmaktadir. M.O. 8000 yilindan beri varligi bilinmekte olan bakir kendine has
kirmizimsi bir renktedir. Erime noktasi ¢ok yiiksek oldugu i¢in, demirden ¢ok sonralari iglenebilmistir.
Bu yiizden bakir devri, demir devrinden sonra gelmistir. Bakir, yumusak bir yapiya sahip oldugundan
kolayca doviiliip islenmektedir. Onceleri mutfak esyas1 yapiminda kullanilmakta iken, giiniimiizde bu
esyalar turistik amagl tiretilmektedir. Bakirin en ¢ok bilinen alagimlari, tung, piring ve bronzdur. Bakir
ayrica altin ve giimiis islemeciliginde kullanilmaktadir.

Elektrik iletkenlik yoniinden aliiminyumdan 6nce, glimiisten sonra gelen bakir, elektrik kablosu olarak
kullanilmaktadir. Ne var ki bakir fiyati pahali oldugundan, havai

hatlarda bakir yerine iletkenligi daha diisiik olan aliiminyum elementi kullanilir. Aliiminyumun tercih
edilme sebeplerinden biri hafif olmasidir. Kibris adasinda bakirin bulunmasi sebebi ile isminin Cupper
olarak buradan geldigi rivayet edilmektedir Yaklagik olarak yillik Diinya’da 8.500.0000 ton bakir
iiretimi gerceklestirilmektedir.

Bu calismada adsorban olarak kil kullanilmstir. Kil terimi kaya¢ anlami tagimasinin yani sira, toprak
ve sedimenter kayaclardaki mekaniksel olarak yapilan analiz sonuglarina gore, tanecik boyutunu yani
tanecigin iriligini ifade eden bir kavramdir. Wentworth, 1922 yilinda tanecik boyutu 4 mikrondan
(1/256 mm ) daha kiigiik olan taneciklere kil denilmesini teklif etmistir. Uddin gore; Kil, 2um’den
(25,400 pm= 1 in¢) daha kiiciik partikiil boyutuna ve ayni1 kimyasal bilesim ile ortak kristal 6zelligine
sahip madencilik familyasinin ortak ismidir. (Uddin, 2017)

Ozellikle kimya ve mineroloji agisindan énemli olan bu kaynaga gore ¢esitli amaclar i¢in kullanilan bu
topraklar Samian, Melian ve Kimolian olarak kategorize edilmistir. Samian (kaolen) kili seramik
yapimi isinde, Melian, ince kuvars igerdiginden resim ve boya malzemesi olarak kullaniliyordu.
Kimolian (Ca- montmorillonit) ise iki renkli olup (Beyaz ya da kirmizi) 2000 yil siiresince ¢amasir
yikanmasi (agartici olarak) isinde ve ilag yapiminda kullanilmistir. Kil minerallerinin karmasik ve ¢ok
cesitli olmalarmin nedeni, bilinyelerinde fazla miktarda yabanct madde barindirmalaridir. Ayrica
olusum yerlerinin ve O&zelliklerinin farkli olmasindan kaynakli olarak birgok simiflandirmaya
ayrilabilirler. Bu siniflandirmalar;

Mineral 6zelliklerine gére olusan gruplar;
Klorit

Kaolin

Montmorillonit (smektit)

Mika

it

Attapulgit (Malayoglu,1995)
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Killerle ilgili yapilan arastirmalarda , killerin fiziksel ve kimyasal &zellikleri belirlenmis olup,
kullanim alanlarina gore farkli 6zelliklere sahip olmasi aranir. Dort tip olarak ele alinan killerin
olusum durumlan agagidaki gibi belirlenmistir. Nemli ve iliman iklime sahip alanlarin ylizeyinde
kaolinit tipi kil bulunmaktadir. Daha derin yataklarda ise illit ve momtmorillonit killeri mevcuttur.
Fakat goreceli sekilde silis igermeyen laterit, boksit ve opalin ile bunlardan ayricalikli olan tripolin ise
tropikal iklim kosullarini saglayan bolgelerde olugsmaktadirlar (Karaagag, 1981).

Kil minerali tanimi yapilirken, killere etki eden bes faktdriin bilinmesi gerekir.
e Kilin mineral bilegimi

Ihtiva ettigi organik maddeler

Kil dis1t mineral bilesimleri

Coziilen tuzlar ile yer degistirebilen iyonlarin bulunmasi

Dokusu

Bir kil minerali tamimlanmadan 6nce bu faktorlerin bilinmesi lazimdir. Kili meydana getiren kil
minerallerinin cinsi ve bilesimi kil malzemesinin hususiyetlerine tesiri bakimindan son derece
O6nemlidir(Akinci, 1968)

Agir metallerin diger bir ifadeyle toksik maddelerin ortamdan uzaklagtirilmasi i¢in birgok teknik
uygulanmaktadir. Bunlardan en ¢ok kullanilanlardan birisi de adsorpsiyondur. Adsorpsiyon basit
tanimiyla, bir maddenin bagska maddelerin yiizeylerine tutunmasi olayidir. Yontem olarak adsorpsiyon,
ara kesit veya yiizey iizerinde maddenin derisiminin artmasi yani maddenin yilizeyde birikmesidir.
Baska bir tanimlama da ise, adsorpsiyon, molekiillerin sahip olduklar1 saldirma kuvvetlerinin etkisi ile
ylizeye yapigmast siirecidir.

Adsorpsiyon olay1 ile adsorbanin yiizeyi arasinda iliski vardir. Ayrica adsorpsiyon olayr maddenin
hacminden ziyade yiizeyinin rol oynadig1 bir siirectir. Cilinkii molekiiller arasindaki kuvvetlerin sinir
yiizeyinde dengelenmemesinden kaynaklanir (Berkem & Baykut, 1977).

Farkli fazdaki maddeler arasindaki ¢ekim kuvvetlerinin etkisi ile gerceklesebilen {i¢ tiir adsorpsiyon
vardir. Fiziksel adsorpsiyon (Fizisorpsiyon), kimyasal adsorpsiyon (Kemosorpsiyon), iyonik
adsorpsiyon’ dur.

2.MATERYAL VE METOD

2.1 Materyal

Siirt 1li Kurtalan ilgesi Agaclipmar kdyiinden temin edilen orijinal kil 110 °C de 24 saat siireyle etiiv
de kurutulup, desikatérde sogutuldu. Daha sonra hazir hale getirilen kil 6giitiildii. Numunenin eleme
islemi, kontrollii elek sarsma cihazi ile ( -100+120), ( -120+140), (-140+170), (-170+200) ve - 200
mesh’lik eleklerde gerceklestirildi. Elenen kil numuneleri uygun kaplara alinip agzi kapali sekilde
kullanima hazir hale getirildi. Ham kilin aktive edilmesi icin 5 N H>SO4 kullanildi ve karigim
karistirlarak siiziildii. Stiziintiide siilfat iyonlar1 kalmayincaya kadar saf su ile yikandi. Siilfat
iyonlarinin kalip kalmadigi BaCl, ¢ozeltisi ile kontrol edildi. Elde edilen aktive edilmis kil 110 °C de
24 saat siireyle etiiv de kurutulup, desikatore konuldu.

XREF ile yapilan kilin kimyasal analiz sonucu asagida tablo 1.de verilmistir.

Tablo 1. Aktive Edilmis Kilin Kimyasal Bilesimi

Numune Kimyasal Bilesim %

Adi SiO2 | AlO3 | CaO | Fex03 MgO | K2O | Na2O | P2Os | MnO | TiO2 | KK
Ham Kil 56,0 | 113 9,8 5,8 2,1 1,2 3,1 0,1 0,1 0,8 9,50
AktiveKil | 51,7 | 14,6 3,8 8,6 6,0 3,2 0,9 0,1 0,1 0,7 10,0

KK: 1000 °C deki kiitle kaybu.

2.2. Metod
Adsorpsiyon deneyleri 3 grupta yapildi. Bunlar kinetik, izoterm ve sicaklik deneyleridir. Deneylerde
agir metal ¢ozeltileri 25 ml alinarak, daha 6nceden tartimi yapilan erlenmayer de ki 0,2000’er g lik
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killerin tizerine birakildi. Isitmali ¢alkalayicida (Shaker) uygun zaman dilimlerinde galkalanip, kat1 ve
stvi fazlara ayrilmalart i¢in 15°er dakika santrifiijlendi. Geriye kalan kil ve ¢ozelti uzaklastirilarak
AAS cihazinda analiz edildi. Adsorplanan miktarlar 2.1 denklemleri kullanilarak hesaplandi.

(Ci—Ce )V (Ci—Ca )V

q=——"— Qo= ——— 2.1)

™ ™

2.3 Adsorpsiyon izotermleri ve Denklemleri

Adsorpsiyon izotermlerinin amaci adsorpsiyon mekanizmasimnin matematiksel yontemlerle ifade
edilmesidir. Burada elde edilecek olan, adsorpsiyon siiresince cozeltide kalan madde miktar: ile
adsorbanin yiizeyinde biriken madde arasindaki dinamik dengenin olmasidir. (Giineren, 2010)
Adsorpsiyon izotermleri adsorpsiyon c¢alismalarinda en onemli etkenlerdir. Bu izotermler soyle
stralanabilir.

Freundlich modeli
Langmuir denklemi
Temkin:
Dubinin-Radushkevich

. Freundlich modeline gére, bir adsorbentin yiizeyinde bulunan adsorpsiyon alanlari

heterojendir yani farkli tiirden adsorpsiyon alanlarindan olusur. Lineerize edilmis Freundlich ifadesi
denklem (2.2) de verilmistir.

Inge= InKeg + % InC, (2.2)

Burada; Ke adsorpsiyon kapasitesini (L/mg); n: adsorpsiyon yogunlugunu(birimsiz) ifade eder (Baran
ve ark. 2018).

Langmiur'a gore, adsorbentin tek bir tabaka meydana geldigini ve her bir adsorplayici noktanin bir
molekiil adsorpladigini kabul eder. Denge halinde maksimum adsorpsiyon kapasitesine ulasilmis ve
ylizey tek tabaka ile kaplanmis olur. Langmiur, 6zellikle kimyasal adsorpsiyonda ve daha bir ¢ok
halde bir doymusluk oldugunu ifade eder. Bunu agiklamak i¢in de adsorpsiyonun yiizeydeki dinamik
denge durumunu ve tek molekiillii tabaka durumunu ele alarak kendi adiyla anilan teoremi olusturarak
bagint1 haline getirmistir(Baran ve Diiz 2019) (Akyildiz, 2007). Bu bagint1 2.3 denklemi ile
verilmistir.

Ce _ G 1

(2.3)

ge Tmaox Pdmax

_ g —cgdav

™"

(2.4)

e

Burada; qm : dengedeki g adsorplayici basina adsorplanan madde miktarin1 (mg/g) ifade eder. Ci:
Baglangi¢ derisimi (mg/L) Ce: denge derisimi(mg/L); V: hacim (L); m: adsorplayicinin kiitlesi(g);
gmax: Maksimum adsorpsiyon kapasitesi (mg/g); b: Lagmuir sabiti (L/mg) ; Temkin: 1941 Yilinda
Temkin ve Pyzhev'in c¢aligmalari, adsorban ile adsorbat ve adsorpsiyon 1sis1 arasindaki etkilesimi
inceleyerek yeni bir izoterm modeli gelistirmislerdir. Bu calismada yiizeydeki tiim molekiillerin
enerjilerinin lineer olarak azalmasmin nedeni adsorbanin ylizeyinin heterojen yapida olmasmdan
kaynaklanmaktadir.

Bu izotermde, adsorbe edilen maddeler arasindaki etkilesimler dikkate alinmakla birlikte, ¢ozeltide
bulunan tiim molekiiller i¢in adsorpsiyon entalpisi hesabi gelistirilmistir. Bununla ilgili bagint1 ise 2.5
te oldugu gibidir.
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ge=BINAT+BInC; (2.5)
B=RT/b (2.6)

Burada; B(j/mol) cinsiden adsorpsiyon 1s1:1ile ilgili Temkin sabiti, A(L/g) maksimum

baglanma enerjisne karsilik gelen denge baglanma sabiti, R(8,314 J/mol K) evrensel gaz sabiti ve
T(Kelvin) mutlak ¢ozelti sicakligidir.

Dubinin-Radushkevich: Adsorpsiyon tiiriinii belirlemek amaciyla kullanilir. Bu amagla elde edilen
bagint1 2.7 olarak verilmistir.

Ing, =Ing,, —K,_gs* (2.7)
e=RTIn(1+>) (2.8)
_ 1
E= o (2.9)

Burada ge (mol/g) birim kiitle basina adsorplanan metal miktari, qm (mol/g) tek tabaka kapasitesi, Kp.r
,ortalama sorpsiyon enerjisi ile ilgili aktiflik katsayisi ve €, Polanyi potansiyeli, C. (mol/L) sulu
¢ozeltideki denge metal derisimi, E (kJ/mol) ortalama adsorpsiyon enerjisidir ve denklem 2.7 -2.9
denklemleriyle hesaplanabilir.

D-R modeli sabitleri olan gm ve Kpr In ge nin &% ye kars1 grafige gegirilince elde edilen dogrunun
egiminden Kpr, kaymasindan ise In qm elde edilir.

Cu(Il) iyonlarmin aktive edilmis karisik tip kil iizerine adsorpsiyonundan elde edilen veriler
Freundlich, Langmuir, Temkin ve Dubinin-Radushkevich izoterm modellerine uyarlanarak sekil
1,2,3,4°te verilmistir.

Freundlich-Cu-A

4,5
4

3,5
3

Inq,
\ g

€298 KM308 K A 318K

InC

e

Sekil 1. Farkl sicakliklardaki Cu(Il) nin aktive edilmis karisik tip kil iizerindeki Freundlich izotermi
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Langmuir-Cu-A
9
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2
1 €298K M308K A318K
0
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Sekil 2. Farkli sicakliklardaki Cu(II) nin aktive edilmis karigik tip kil {izerindeki Langmuir izotermi

Temkin-Cu ¢298K M308K A318K

60

50 A
40 A

InC

e

Sekil 3. Farkli sicakliklardaki Cu(Il) nin aktive edilmis karisik tip kil iizerindeki Temkin izotermleri
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D-R-Cu-A
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Sekil 4. Farkli sicakliklardaki Cu(II) nin aktive edilmis karisik tip kil iizerindeki D-R izotermleri

Cizelge:2. Cu(Il)’nin aktive edilmis kil {izerindeki adsorpsiyonuna ait, Langmuir, Freundlich,
Temkin, Dubinin-Radushkevich (D-R) izoterm parametreleri

Freundlich Izoterm Modeli Langmuir Adsorpsiyon Izotermi
Inge = INKg+1/nInCe Celde = U/KiOmax + CelUmax
T Denklem K n R? Denklem KL (L/mg) | Qmax (Mg/g) | R?
(K)
293 | Y=0,1623x+1,6125 5,02 6,16 | 0,8635 Y=0,0904x+0,9343 0,096 11,06 0,9874
303 | Y=0,1753x+2,091 8,09 5,70 | 0,8246 Y=0,053x+0,1326 0,399 18,86 0,9995
318 | Y=0,1656x+2,8082 16,58 6,04 | 0,8782 Y=0,0269x+0,0645 0,417 37,17 0,9996
Temkin Izoterm Modeli Dubinin Radushkevich (D-R) Izoterm Modeli
Lnge =BInK1 +BInC, Inge =INQmax —Bo.r €2 e=RTI(1+1/Ce
T Denklem K+ B R? Denklem K br E Qmax R?
(K) X10° (KJ/mol) (mg/g)
298 | Y=1,4465x+4,4231 21,28 1,4465 0,7178 | Y=-1.10°x-8,3133 1 22,37 15,47 0,787
308 | Y=2,0085x+8,5161 69,40 2,0085 0,919 Y=-2.10°%-7,7077 2 15,81 28,55 0,876
318 | Y=3,7212x+17,706 116,52 | 3,7212 0,9622 Y=-2.19°%-7,093 2 15,81 52,79 0,9166

Aktive edilen kil iizerindeki Cu (II) izoterm sonucu verilerine bakildiginda ise, Langmuir
adsorpsiyon izoterm modeline uydugu belirlenmis olup, R? degerlerinin 0,98’in iizerinde oldugu
bulunmustur.

2.4.Temas Siiresi ve Adsorpsiyon Kinetigi

Adsorpsiyon kinetigi, adsorplanan madde ile adsorban arasindaki temas siiresini belirleyebildigi gibi,
adsorpsiyonun hangi basamaklarda gergeklestigini de ifade etmektedir. Kinetik modeller zamana bagli
olarak asagida belirtilen modellerde incelenmektedir.

4, Pseudo Birinci Derece Denklem (Lagergen Denklemi)
d
—t=ky (9.—4q.)  (L6)

Burada ge (mg/g) dengedeki birim adsorplayici basina adsorplanan metal iyonu miktart, qt, t
zamandaki birim adsorplayici basina adsorplanan madde miktarin, X ,(dk)™ birinci dereceden

adsorpsiyon hiz sabitidir. t= 0 iken q;= 0 ve t=t de ;= qraraliginda iken 1.6 denkleminin integrali
alinirsa;

In(g, —q.)=Inq, — k4 ¢t (1.7)
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denklemi elde edilir. t’ye kars1 In(g, — gq,) nin dogrusal grafiginin egim ve kesim noktalarindan &,
ve g, degerleri bulunabilir(Baran ve Diiz 2019).

5. Pseudo (yalanci)ikinci Derece Denklem (Ho-Mc Kay)
St==ky (4, — Q. ) (17)

Burada k&, , (g/mg*dk) ikinci dereceden hiz sabiti, g, (mg/g) maksimum adsorpsiyon kapasitesi, g

(mg/g) t zamanindaki adsorpsiyon miktaridir.

.t=0iken g:= 0 ve t=t de q;= qraraliginda iken 1.7 denkleminin integrali alinirsa;

t 1 t

—= + — (1.8)

q. k 2. e

Denklemi olusur. Yalanci ikinci derece kinetik model sabitleri olan k; ve g , t’ye kars1 t/q;

grafige gecirildiginde elde edilen dogru denkleminin egim ve kaymasindan elde edilir( Baran ve Diiz
2019).

3. Elovich Esitligi
gt= % (Inap)+ %111 ¢ (1.9)

Burada a (mg/g*dk) baslangi¢ sorpsiyon hizi, B (g/mg) kemosorpsiyon i¢in yiizeyi kaplama ve
aktivasyon enerjisinin bir dl¢iisiidiir. In t” ye karsi q; grafige gegirildiginde elde edilen egimden % ve

kaymasindan ise % (Inof) bulunabilir.

6. Weber-Morris Modeli (Orbak, 2009)

g, =k Nt+C (1.9)
Intrapartikiil difiizyon modeli 1.9 denklemi ie ifade edilmistir. Bu ifadede g, (mg/g), t zamandaki
gram basina adsorplanan madde miktaridir. ki (mg/g*dk)Y? hiz sabitidir.
VE ye karsi, qtgrafige gecirildiginde ¢ok basamakli grafik egrileri elde edilebilir. Adsorpsiyon islemi
ic ana agsamada gergeklesebilir. Bunlar,

V- Film difiizyonu
V- Intrapartikiil veya gozenek diftizyonu
VI- I¢ bolgenin yiizeyindeki adsorpsiyon dur.

Cu II’nin aktive edilen kil {izerindeki siirenin etkisi incelendiginde ilk 30 dakika adsorpsiyon olayimin
hizli gergeklestigi ve 120-150 dakika arasinda dengeye geldigi goriilmektedir. Bunun nedeni
baslangicta adsorbant’in yiizeyinde aktif yerlerin bos oldugu, béylece Cu(Il) iyonlarinin bos olan aktif
merkezlerle reaksiyon verdigi, zaman ilerledikge aktif merkezlerin sayisi azaldigi igin reaksiyonun hizi
da azalmaktadir.

Adsorpsiyon kinetigi ile ilgili adsorpsiyon verileri Lagergren, Ho Mc Kay, Weber-Morris ve Elovich
denklemlerine uygulanmis olup sonuglar gizelge 3’ te ve 5,6,7,8,9 no’lu sekillerde verilmistir.
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Sekil 5. Farkli sicakliklardaki kinetik grafikler

y298 = -0,0126x + 0,1226
; Lagergren-Cu-A R? = 0,6028
2 A [ y308=-0,0179x + 2,6405
—_ R2=0,6719
T 1
é y318 =-0,0142x + 2,4341
o 2 _
o - R?=0,8362
0 100 150
4
-1 * 29
8K
-2
t (dak)
Sekil 6. Farkli sicakliklardaki Lagergren grafikleri
y298 = 0,1017x +0,1076 _Cii
R? = 0,9963 Ho Mc Kay-Cu-A
20 y 308=0,0547x + 0,707 y318=0,0432x +0,9663
R?=0,9512 R? =0,9665
® 15
£
o
< 10 ¢ 298K
Z - 308K
g 5 A 318K
0
0 50 100 150 200
t (dak)

Sekil 7. Farkli sicakliklardaki Ho Mc Kay grafikleri
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8. Farkli sicakliklardaki Weber-Morris grafikleri
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Cizelge 3. Cu(Il)’nin aktive edilmis kil {izerindeki adsorpsiyonuna ait, Lagergren, Ho Mc Kay,
Weber-Morris ve Elovich modellerine ait parametreler.

Pseudo - First Order (Lagergren) Denklemi In(qe-q) Pseudo - Second Order (Ho McKay) Denklemi t/qe =t/qge +
=Inge - kyt 1/k; g¢?
Sicaklik | Dogru Denklemi R?2 k1 Inge Dogru Denklemi R? ka2 (@/mg*dak) | Qe
(K) (dak?) | (mglg) (mg/g)
298 Y=-0,0126x+0,1226 0,6028 | 0,0126 | 0,1226 | Y=0,1017x+0,1076 0,9963 | 0,0962 9,83
308 Y=-0,0179x+2,6405 0,6719 | 0,0179 | 2,6405 | Y=0,0547x+0,9663 0,9512 | 0,0042 18,28
318 Y=-0,0142x+2,4341 0,8362 | 0,0142 | 2,4341 | Y=0,0432x+0,9663 0,9665 | 0,0019 23,15
Weber- Morris (Intrapartikiil Difiizyon Modeli) Elovich Modeli
Go= Gtk VT qt=1/B In(of)+ 1/B In t
Sicaklik | Dogru Denklemi R? Kwm Co Dogru Denklemi R? B a
(K) (mg/dk*g)
298 Y=0,0453x+9,2792 0,0344 | 0,0453 | 9,2792 | Y=0,1852x+8,8941 0,0488 | 5,40 1,33.10%
308 Y=0,794x+8,355 0,7507 | 0,7940 | 8,3550 | Y=3,101x+2,3083 0,7375 | 0,32 6,53
318 Y=1,0298x+8,0812 0,8532 | 1,0298 | 8,0812 | Y=3,7484x+1,2316 0,8253 | 0,26 5,23
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Kinetik hiz denklemleri incelendiginde, aktive edilen kilin yalanci Pseudo Second Order (Ho
MacKAY-ikinci dereceden) kinetik modeline daha ¢ok uydugu genelde R?’nin 0,95 iizerinde oldugu
tespit edilmistir.

2.5 pH Etkisi
pH Etkisi-Cu
16
14 V'S
* L 2
12 * *»
= 10
)
g 8
o 6
4
2
0
2 2,5 3 3,5 4 4,5 5 5,5 6
PH,

Sekil 10. pH Etkisinin incelenmesi.

pH adsorpsiyonda Onemli rol oynayan parametrelerden biridir. Diisilk pH’larda yiizey pozitif
oldugundan, metal iyonlar1 ile yarigmaya girer ve metal iyonlarinin yilizeyde adsorplanmasini
engellerler. Yiiksek pH’ larda ise ylizey negatif olur ve metal iyonlar1 elektrostatik ¢cekim kuuveti
etkisi ile daha kolay yiizeyde adsorplanirlar. Cu(Il) nin aktif kil {izerine adsorpsiyona pH’1n etkisi sekil
10 da ki gibidir.

2.6 Termodinamik Hesaplamalar
Gibbs serbest enerji degisimi (AG) ile entalpi degisimi (AH) ve entropi degisimi (AS), (1.10) ile
(1.11) bagintilar1 kullanilarak bulunmustur.

AG= AH - T.AS (1.10)
INKe=— == .=+ (1.12)

Bu esitliklerde R ideal gaz sabiti (kJ /mol*K), T mutlak sicaklik (Kelvin), entropi degisimi AS ile
entalpi degisimi AH ise 1/T ye karsilik gelen InK. grafiginden 1.11’e gore bulunmustur. Elde edilen
verilen ¢izelge 4°te verilmistir( Baran ve ark. 2018).

Cizelge 4. Termodinamik Parametreler

Sicaklik(Kelvin) AG(kj/mol) AH(kj/mol) AS(kj/mol)
298 -5,75
308 9,54 107,07 0,3786
318 -13,32

SONUC VE TARTISMA

Yapilan deneysel ¢alismada, Cu(Il) iyonlarmin asit ile modifiye edilmis kilin adsorpsiyonu tizerindeki
sicaklik, siire, karigtirma hizi, pH gibi parametrelerin etkisi aragtirilmistir. Cu(Il) metal iyonlarinin
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adsorpsiyonu igin gereken optimum sartlar belirlenmeye g¢alisilmistir. Adsorpsiyon c¢alismalarinda
genel olarak sistemin Langmuir izotermine uydugu R? degerlerinden anlagilmistir. D-R
izotermlerinden elde edilen E degerlerine bakildiginda adsorpsiyonun kimyasal oldugu
anlasilmaktadir. Kinetik calisma verileri hizin Pseudo second order (Ho Mc Kay)’a uydugu R?
degerlerinden anlagilmaktadir. Termodinamik hesaplamalar sonucuna gore, bakir iyonlarmin aktive
edilmis kil adsorpsiyonunda AHortalama V€ ASortaiama degerleri pozitif olup; reaksiyon endotermiktir. AG
degerlerinin negatif c¢ikmasi siirecin kendiliginden gergeklesebilecegini ifade etmektedir. Bakir
iyonlarinin sudan uzaklastirilmasimin yiiksek sicaklik degerlerinde daha iyi oldugu anlasilmaktadir.
Adsorpsiyon i¢in pH degeri 6,0 ‘nin iizerinde olan pH’larin uygun oldugu bulunmustur. Derisim
arttikca adsorplanan madde miktarinin da arttig1 tespit edilmistir.

Bu ¢alisma, ilk yazarin doktora tezinin bir bolimiinden alinmis olup, Van Yiiziincii Yil Universitesi
BAP 5252 nolu projesi ile desteklenmistir.
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ABSTRACT

The difficulty in solving engineering problems creates difficulties in the selection of the methods to be
used. Nature-inspired herd intelligence-based meta-heuristic optimization techniques have recently
become the most popular algorithms for solving such problems. In this work, a new hybrid algorithm
model has been developed to adapt to various problems. The developed models were adapted to 23
Benchmark test problems in the literature and compared with meta-heuristic algorithms. The
algorithms aim to balance the optimization processes of exploration and exploitation. In the
development of a meta-heuristic algorithm, it is very difficult to achieve a balance due to its stochastic
structure. In this study, the new hybrid model improved by Multi-Verse Optimization (MVVO) on the
Sine Cosine Whale Optimization Algorithm (SCWOA) hybrid model, which is available in the
literature, has increased the success of test problems. Although the SCWOA hybrid balances
exploitation and exploration, the MVSCWOA (Multi-Verse Sine Cosine Whale Optimization
Algorithm) hybrid algorithm, which was modified by modifying MVOQO's wormhole existence
probability (WEP) and traveling distance rate (TDR), has succeeded in improving this balance further.
WEP is used instead of r1 parameter, which determines the update direction in SCA, and TDR is used
in place of a2 (varies between -1 and -2) used in the update of I, which is the inter-element
multiplication parameter in WOA.. The results obtained from the newly developed hybrid model have
shown that it makes the search and exploitation feature more effective by showing better results than
SCWOA, WOA, SCA, and MVO. MVSCWOA was successful in test problems.

Keywords: Benchmark, Sine Cosine Algorithm, Whale Optimization Algorithm, Multi-Verse
Optimization

1. INTRODUCTION

In recent years, meta-heuristic algorithms have been used more and more to solve, minimize or
maximize various problems in almost every aspect of our lives. This is because these algorithms are
user-understandable, adaptable to real-life problems, and are simple because they are inspired by
events in nature. Examples of famous meta-heuristic algorithms are Genetic Algorithm (GA) [1,2],
Ant Colony Optimization (ACO) [3], Particle Swarm Optimization (PSO) [4], Differential Evolution
(DE) [5], Evolutionary Programming (EP) [6,7], Artificial Bee Colony (ABC) [8]. According to No
Free Lunch (NFL) [9] theorem, it has proved to be not the most appropriate meta-heuristic technique
to solve all optimization problems. Therefore, scientists are creating new meta-heuristic optimization
techniques by keeping their motivation high: Firefly Algorithm (FA) [10,11], Black Hole (BH) [12],
Grey Wolf Optimization (GWO) [13], Cuckoo Search (CS) [14,15], Gravitational Search Algorithm
(GSA) [16], Fast Evolutionary Programming (FEP) [17], Whale Optimization Algorithm (WOA) [18],
Multi-Verse Optimizer (MVVO) [19], Ant Lion Optimizer (ALO) [20], Sine Cosine Algorithm (SCA)
[21].

To improve the efficiency of optimization algorithms, various algorithms such as hybrid, optimization,
and modification are developed. Through these processes, more successful results are obtained by
balancing exploitation and exploration. The missing aspects of two or more algorithms are eliminated
by combining advantageous features.

In this research, a previous study in the literature the hybrid Sine Cosine Whale Optimization
Algorithm (SCWOA) [22] is developed with the Multi-Verse Optimizer (MVO) algorithm. Through
improvement, the balance between exploitation and exploration has been further improved. The
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improved hybrid algorithm has confirmed itself with test problems. Benchmark functions [23] are used
as test problems.

Benchmark functions

Any Benchmark is functional for testing an optimization concept. These aggregate functions can be
parsed, differentiated, continuous, discontinuous, scalable, unimodal and multimodal features such as
existing algorithms that can be effective information about which kind of problems can be obtained by
applying these functions.

The unimodal benchmark does not have a local optimum and has only one global optimum. This
makes them very suitable for testing convergence speed and retrieving from algorithms [20]. Detailed
information can be made in Table 1 (F1-F7).

Multi-mode benchmarks have multiple local and one global optimizations. The goal of the algorithms
is to achieve the best global result without having to stick to the local best result. [20].

If there is a problem in the discovery phase of the algorithm, then a wide search cannot be made.
Therefore, the algorithm remains stuck to the local best result, which is not desirable. This is one of
the reasons why multimode functions are difficult. [23].

Compared to multimodal functions, fixed-dimension multimodal functions do not allow the number of
design variables to be set because of their mathematical formulas but provide a different search field
[18]. The properties of the multimodal functions are given in Table 1, respectively n-dimensional (F8-
F13) and fixed-dimensional (F14-F23).

At the end of the work, the test plans on three groups of Benchmarks with hybrid characteristics were
compared to other meta-heuristic optimization algorithms in the literature.
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Table 1. Benchmark functions

Name and Function Dim Range fmin
Sphere F1(x)=2, x 7 30 [-100,100] 0
Schwefel2.22 F2(x)=2re x| + TT T 30 [-10,10] 0
Schwefell.2 F3(x)=2r=s (}_, x;)° 30 [-100,100] 0
Schwefel2.21 Fa(x)=max;{lx;.1 = i ==} 30 [-100,100] 0
Rosenbrock F5(x) = XP2H100(x;,, — 707 + (x; — 1)°] 30 [-30,30] 0
Step F6(X)=Lr= s ([x; + 0.3])° 30 [-100,100] 0
Quartic F7(x)=2, ix} + random[0.1) 30 [-1.28,1.28] 0
Schwefel F8(x)=21, —x; sin(y/Tx:) 30 [-500,500] -418.9829% Dim
Rastrigin FO(x)=21, [x? — 10 cos(2mx;) + 10] 30 [-5.12,5.12] 0
Fy— 30 -32,32 0
Ackley F10(x)=-20exp ('O-Z.JiELL x7) -exp(izf;l cos(2mx;) [ ]
)+20+e
i 1 -| X -
Griewank F11()=— £, x? — [T, cos () + 1 30 | [-600,600] 0
Penalized F12(x)= 30 [-50,50] 0
—{0sin(my; ) + EE5 (0w — 1701 + 10 sin ? (e, )] + O
.‘1’[ + 1
»= 4
kix; —a)™ x;>a
ulx, ak.om) = 0 —a<zx; <o
kl—x—a)™ x;<—a
Penalized2 F13(x) 30 [-50,50] 0
0.1{sin®Brx, )+ X1, (e, — 121 4+ sin?Grx; + 1] + (x,
—r Lt 15 L -1 2 -65,65 1
Foxholes F14(x) {E-IZ'D * E-i ="j’+Ef=1iri—-:u')E] [ ]
(b +bixa)]” 4 -55 0.00030
Kowalik F15(x)= ZiZ, |a; — W] [5:5]
by +bpxz +2,
Camel Six Hump F16(x):4xi-2.1x-‘;+f xbtx, x-4xi+4xt 2 [-5.5] -1.0316
Branin RCOS F17(x)= 2 [-5.,5] 0.398
(x2— —xf + 23— 6)7 + 10(1 — ) cos x, +10
GoldStein Price F18(x)= 2 [-2,2] 3
(14 Cry + 20, + 107519 — 14x, + 6x,x, + 32 I = [30+ (2
36x, %, + 27x3]]
Hartman3 F19(x)=— L., c;exp(— Efq = I:::r:j- — By }‘] 3 (1.3] -3.86
Hartman6 F20(x)=— £ c;exp(— Ef;l gj I:::::J.- — By }‘] 6 [0.1] -3.32
Shekel5 F21(x)=— XF_,[(X —a; ) (¥ — g} +¢]7° 4 [0,10] -10.1532
Shekel7 F22(x)=— 21 [(¥ —a; )X — g )7 +¢;]7* 4 [0,10] -10.4028
Shekel10 F23(x)=— 212, [(¥ —a; J (X —g;)" +¢]7* 4 [0,10] -10.5363
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2. RELATED WORKS

2.1. Whale Optimization Algorithm (WOA)

One of the new and successful swarm intelligence-based optimization algorithms introduced by
Mirjalili is the Whale Optimization Algorithm (WOA) [18]. The algorithm was created by modeling
humpback whale encircling prey; bubble-net attacking, and search for prey behavior. Successful
results have been achieved by making improvement by Danaci and Dogan [24], various hybrids by
Khalilpourazari and Khalilpourazary [22], Singh and Hachimi [25], Dogan [26] and improvement
hybrid model by ALIZADA [27] on WOA.

Encircling prey

Humpback whales encircle it after defining the position of its prey. Since the positions are not
predetermined at the beginning, the WOA algorithm considers the best solution for the moment as
prey. In other words, hunting is considered to be near optimum. Immediately after the best whale is
identified, other whales in the population update their position accordingly. The following equation
models this behavior:

D =|C.X"(t) — X(t)] (1)
X(t+1)=x(t)— 4.D )

t shows the momentary repetition, the position of the best humpback whale (solution) so far X*
provides the position of the best humpback whale obtained so far. Aand C vectors are the specific
coefficients.

Bubble-net attacking method (exploitation phase)

The behavior of humpback whales is shown by a mathematical model consisting of two parts. These
processes are the shrinking encircling and the spiral update of position respectively.

The bubble hunting technique of the whale is given in the Figure 1.

Figure 1. Bubble-net feeding behavior of humpback whales.

Humpback whale floats upward in spiral or helical shape for hunting. It is known that humpback
whales in nature perform both narrowing circle or spiral swim simultaneously. Therefore, the
algorithm uses both behavior mechanisms with a 50 percent probability. This time can randomly
choose the narrowing swim.

. Xi, —A.D if p <05

e =g _3 3)
(E+1) E‘t+1} — D_ebf_cgs[zzﬂ'i:] +X€r} L'fp =05
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Search for prey (exploration phase)

During the exploitation phase, the whale in the population updates its position towards the best whale.
But during the exploration phase, an update is made according to a randomly selected whale. The
mathematical model of the discovery phase is as follows.

D=|C.X s —X]| (4)

rand

X(t+1)=X% A.D (5)

rand

2.2. Sine Cosine Algorithm (SCA)

One of the meta-heuristic optimization algorithms introduced by Mirjali is the Sine Cosine Algorithm
[21]. First, SCO generates a random array of solutions. Next, it chooses the best individual solution to
be the target for other solutions according to its objective function value. Each individual in the
population updates their position according to the best individual. This update is provided by the
following equation.

, Ty <= 0.5

, Ta = 0.5

Hl_{X{—I—rl::{sin(rzjxhaFf—Xf (6)

a X7 4+ n X cos(ry) X |y PF — X7

i

X-[Tis the individual in the t-th iteration population. Pf is the position of the best individual ever
obtained, and r; (update direction ), r; (update distance ), ry (stochatic distance identifier),

1y(chose a sine or cosine)are random numbers.

2.3. Multi-Verse Optimizer (MVO)

[19]. Algorithm is inspired by the three main concepts: white holes, black holes, and wormholes.

Two important coefficients are considered: wormhole existence probability (WEP) and travel distance
ratio (TDR). WEP represents the possibility that the wormhole exists in the universe. The TDR shows
the wormhole irradiation distance around the best universe so far. Mathematical formulas for both
coefficients are as in (16) and (17), respectively.

_ , max —min
WEFP =min +1 X [—L ) (7
I represents instantaneous iteration; L represents maximum iteration.
TDR=1-17 (®)

p defines the accuracy of exploitation. High value means that it has a good phase of exploitation.

2.4. Improved Hybrid Model

SCWOA, which has already been introduced to the literature, is a hybrid model that balances both by
taking into account the good search capability of the WOA and the good exploitation feature of the
SCA. In this study, a triple hybrid has been developed by making a new improvement on the existing
hybrid model by using the Multi-Verse Optimizer features. The motivation source, mathematical
model and pseudocode of the model are given below.

SCWOA, a hybrid of SCA and WOA previously found in the literature, is an algorithm that has
managed to balance both search and exploitation characteristics. In the study, some of the features of
MVO were replaced with the features found in SCWOA. Two features were used in the study. These
are the WEP and TDR found in the multi-verse algorithm. WEP is used instead of the parameter r;,

which determines the update direction in SCA, and TDR is replaced by a, (ranging from -1 to -2),

which is used for the update of the inter-element multiplication parameter | in WOA. The results from
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the newly developed hybrid model have proven to be more effective than SCWOA, WOA, SCA, and
MVO, making search and exploitation characteristics more efficient.

4.1.  Proposed Mathematical model

In the created model, the function that occurs when the SCA updates operator is replaced by the
narrowing containment mechanism of WOA is indicated below.

el {X-[r-l-rl X sin(ry) X | Xiy —Xi|, @ <0.5

i: - X;: + Ti X CDS(TEJ X |T3X|:$t:| - X;: ] q E 0.5

9)

Replicas r; and a,are also replaced by WEP and TDR that run on iterations. These are more clearly

understood in the pseudocode.

Pseudocode

Initialize random population.
Calculate the fitness of each search agent.
The best search agent = X* .
While the last criterion is not met
Jor each search agent
Update A, I p, WEP Eq. (7), TDR Eg. (8), r2, r3, and r4
ifl(p=0.5)
if2{rd=0.5)
Update the position of the current search agent by the Eq. (9)
else if2(r4= 0.5)
Select a random search agent
Update the position of the current search agent by the Eq. (9)
end if2
else ifl(p=0.5)
Update the position of the current search by the Egq. (3)
end if1
end for
Check if any search agent goes bevond the search space and amend it
Calculate the fitness of each search agent
Update X7 if there is a betfter solution
=r+1
end while
Return X*

5. RESULTS

In the MVSCWOA experiment, the number of populations was 30; the number of iterations was 500,
and the dimensions of the Benchmark function were adjusted by setting as previously stated in the
Benchmark function tables. Each function was run 30 times, and the mean of the obtained values were
calculated. Comparison time MVSCWOA, SCWOA, SCA, MVO algorithms were run. The MVO
Matlab code is available from Mirjalili's open-source code. Benchmarking time was run with the same
parameters. From the article about WOA, the results of WOA, PSO, GSA, and FEP algorithms were
compared and a total of seven algorithms were compared. The results are shown in Table 2.

When the results of the MVSCWOA algorithm are examined, the results of F9 over performance, F1-
F4, F7, F9-F11, F16, and F21 functions are very good. Of these, F1-F4, F9-F10, and F16 showed
better results than all algorithms in comparison, F7, F11, F21 showed second place in comparison. In
other functions showed average and approximate results. Overall, an average improvement was made.
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Table 2. Performance analysis with benchmark function results

M F Frmin mvscwoa | 1-scwoa | 2woa [ 3sca [ 4mvo [ s5-Ps0 [ 6-GsAa 7-FEP
ave

F1 0 3.6035E-65 | 2.5662E-30 | 1 41E-30 | 17.454462 | 1.251655 | 0.000136 | 2.53E-16 | 0.00057

. F2 0 1.9681E-34 | 1.2455E-16 | 1.06E-21 | 0.018628 0913015 | 0.042144 | 0.055655 | 0.0081

E F3 0 1.6432E55 | 4.8624E-27 | 5.39E-07 | 10016.544 | 24575308 | 70.12562 | B96.5347 | 0.016

2 Fa 0 1.6250E-32 | 7.3999E-16 | 0.072581 | 32825737 | 1782515 | 1086481 | 7.35487 03

z F5 0 27.91003 | 27.2007 27 86558 | 48385494 | 2982343 | 9571832 | 67.54309 | 5.06
F6 0 2569737 | 0.232776 3 116266 | 19.44915 1256008 | 0.000102 | 2.5E-16 0
F7 0 0.000333 | 0.000316 0.001425 | 0.09472 0.037924 | 0.122854 | 0.089441 | 0.1415
F8 | -12560.487 | -5167.9574 | -11515.5 -5080.76 | -3712.787 | -7B44.6521 | -4B41.29 | -2821.07 | -12554.5

g‘ Fg 0 0 0 0 34987198 | 123.0991 | 46 70423 | 25 96841 | 0.046

2 Fi0 0 8.8B1BE-16 | B.3489E-15 | 7.4043 15.77685 1.951047 | 0.276015 | 0.062087 | 0.018

= F11 0 4.996E-16 | 0 0.000289 | 1.049631 0.853236 | 0.009215 | 27.70154 | 0.016

2 F12 0 0191217 | 0.010909 0.339676 | 548.78755 | 1.867438 | 0.006917 | 1.799617 | 9.2E-06
F13 0 1.934423 | 0.1918 1.883015 | 69343.16 0.213151 | 0.006675 | 8.899084 | 0.00016
Fla 1 5718113 | 1626363 2111973 | 1.925526 0.998 3.627168 | 5.859838 | 1.22
F15 | 000030 | 0.0D0593 | 0.0D0674 0.000572 | 0.001002 0.004301 | 0.000577 | 0.003673 | 0.0005

z |[Fs| -10316 | 10316 -1.0316 -103163 | -1.03156 -1.0316 103163 | -1.03163 | -1.03

2 & F7 0398 0397948 | 0.397968 0397914 | 0.399486 0.39789 0387887 | 0.397887 | 0.398

Lo [Fs 3 3.000453 | 3.00057 3 3.000023 111 3 3 3.02

& F|Fs 386 -0.30048 -0.30048 -3.85616 | -0.30048 030048 | -3.86278 | -3.86278 | -3.86

g 2 [Fao 332 -3.23337 -3.21142 -298105 | -2.68072 327712 | -3.26634 | -3.31778 | -3.27

T Fa1| -10.1532 | -8.22838 | -8.41452 -7.04918 | -2.874981 | -6.70704 | -6.8651 -5.95512 | -5.52
F22 | -104028 | -5.34166 -8.3921 818178 | -3.160536 | -8.570013 | -8.45653 | -9.68447 | -5.53
F23 | -1035363 |-se77407 | -9.51277 -9.34238 | -3.552445 | -0.12424 | -9.95291 | -10.5364 | -6.57

Best result M Secondary Best result

The selected parameter settings make the problems more challenging, allowing hybrid algorithms to
perform more easily. This can be generally evaluated by selecting the size as 30 in n-dimensional
Benchmark functions. Dimensions, search area, population size, iteration number were determined
according to various studies and selected articles. Since the algorithms operate with random logic,
averaging 30 times, the code is run for each function. Thus, the result becomes more pronounced.

Although the SCWOA hybrid balances exploitation and exploration, MVO's MVSCWOA hybrid
algorithm, which was developed using MVVO's WEP and TDR, has further improved this balance.

The performance of the newly developed MVSCWOA hybrid algorithm has been compared.
MVSCWOA was successful in 9 out of 23 test problems. According to the test results, it showed good
results in both unimodal and multimodal test problems. This shows that the developed model has
improved the convergence rate further and finds the global optimum without being attached to the
local optimum.

6. CONCLUSION

In this study, the performance analysis was evaluated by adapting the developed hybrid algorithm to
23 Benchmark functions for testing purposes. The test functions used differ from each other in terms
of features, and comprehensive evaluation is obtained. Compared to the algorithms used in the study
and the results of some popular optimization algorithms used in the comparison, the developed hybrid
model was observed to be quite successful.

Each of the SCA, WOA, and MVO algorithms affect the results according to their optimization
process. Although SCA is good at exploitation, it is not good at exploration. WOA is the opposite.
MVO has both exploitation and discovery features. The hybrid model developed in the study aimed to
achieve better results by combining the features, and it was found to produce highly successful and
competitive results. The performance of the hybrid algorithms can be examined in a wider field by
adapting the experiments to future problems such as traveling salesman problem (GSP), real-life
problems and engineering problems. Hybridizations can also be performed in different tests in terms
of exploitation and exploration.
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OZET

Nanopartikiillerin biyolojik yesil yolla sentezi, kimyasal ve fiziksel yontemlere alternatif olarak
kullanilan bir yontemdir. Nanopartikiiller sahip olduklart essiz 6zellikler ve genis yilizey alanlarina
bagli olarak antimikrobiyal etki gostermektedirler. Bu c¢aligmada atik durumdaki biyolojik
materyalden (¢Orek otu yaprak Oziitiinden) yararlanarak titanyum dioksit nanopartikiilleri (TiO2NPSs)
etkili bir sekilde sentezlenmistir. Bu amagla sentezlenen titanyum dioksit nanopartikiilleri gram
pozitif, gram negatif ve mantar mikroorganizmalari {izerinde minimum inhibisyon yontemi (MIC) ile
antimikrobiyal etkileri arastirildi. Elde edilen nanopartikiillerin karekterizasyonu Fourier-transform
infrared spektroskopisi (FTIR), taramal1 elektron mikroskobu (SEM), enerji dagilimli X-151m (EDX),
ultraviyole ve goriiniir 151k absorpsiyon spektrofotometresi (UV-Vis), termogravimetrik ve
diffarensiyel termal analiz (TGA-DTA) ve X-isin1 kirnimi (XRD) cihazlar1 kullanilarak yapildi.
Sonug olarak biyolojik kaynakla sentezlenen ve karekterizasyonu yapilan TiO2NP’lerin giiglii
antimikrobiyal etkiye sahip olduklar1 ve alternatif antimikrobiyal ajan olarak kullanilabilecekleri tespit
edildi.

Anahtar kelimeler: TiO,, yesil sentez, Nigella sativa, XRD ve TGA-DTA, FTIR, SEM.

ABSTRACT

The green-way synthesis of nanoparticles is an alternative to chemical and physical methods.
Nanoparticles have an antimicrobial effect due to their unique properties and large surface areas. In
this study, titanium dioxide nanoparticles (TiO2NPs) were efficiently synthesized by utilizing waste
biological material (Nigella sativa L. leaf extract). Antimicrobial effects of synthesized titanium
dioxide nanoparticles on gram-positive, gram-negative and fungal microorganisms were investigated
with the minimum inhibition method (MIC). Characterization of the obtained nanoparticles was
determined by using Fourier-transform infrared spectroscopy (FTIR), scanning electron microscopy
(SEM), energy dispersive X-ray (EDX), ultraviolet and visible light absorption spectrophotometry
(UV-Vis), thermogravimetric and differential thermal analysis (TGA-DTA) and X-ray diffraction
(XRD) devices. As a result, it was determined that TiO2NPs synthesized and characterized by
biological sources have a strong antimicrobial effect and can be used as an alternative antimicrobial
agent.

Keywords: TiO;; green synthesis; Nigella sativa; XRD; TGA-DTA, FTIR, SEM

1.Giris

Nanoteknoloji, nano diizeyde yeni malzemeler {iretmek amaciyla bilim ve teknolojideki uygulamalarla
hizla biiyiiyen bir alandir (Santhoshkumar vd. 2014). Nano yapili metal oksitler genis kullanim
alanlarindan dolay1 bilim insanlarmin ilgisini gekmektedir. Ozellikle yesil yolla sentezlenmis metal-
metal oksit nanopargaciklari, giimiis, altin, ve titanyum dioksit (TiOz) gibi materyaller, gida
tiriinlerinin korunmasinda, ilag iiretiminde ve biyoremediasyon da kullanilmaktadirlar (Ansari ve
Kurian 2017). TiO;NP'leri tip alanindaki yeni tekniklerin gelistirilmesinde, termodinamik
kararliliklarina bagli olarak malzeme bilimlerinde, foto katalitik aktiviteleri ve organik kirleticilerin su
ve sulu atiklarda giderimi gibi bir¢ok alanda kullanilmaktadir (Nasrollahzadeh ve Sajadi 2015). Ayrica
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TiOy, kristalimsi formda bulunan ucuz maliyetli ve toksik olmayan bir nano malzemedir (Mulmi vd.
2018). Kristalimsi yapiya sahip olan nanopartikiillerin antimikrobiyal etki gosterdikleri bilinmektedir
(Acay ve ark. 2019; Baran 2019). Bu calismada Corek otu (Nigella sativa L.) yesil yapraklar
kullanilarak TiO, nanopartikiilleri sentezlendi ve karekterize edildi (Sekil 1). Sentezlenen
nanopartikiillerin antimikrobiyal aktivitesi minimum inhibisyon yontemi ile belirlendi.

Sekil 1. Corek otu bitkisi.

2.Materyal ve Metot

2.1. Corek otu (Nigella sativa L.) bitki oziitii ve titanyum(III) Kklorid (TiCIs) ¢ozeltisinin
hazirlanmasi

Corek otu bitkisi Mardin Kiziltepe yolu 5. Km’de ¢igeklenme doneminde (Temmuz-Agustos 2019)
toplandi. Atik durumdaki yesil yapraklar musluk suyu ile yikanarak topraktan arindirildi, yikama
islemi saf su ile tekrarlanarak ¢esme suyundaki olas1 metal kontaminasyonu giderildi. Yikanan ¢orek
otu bitki yapraklar1 oda kosullarina kurumaya birakildi. Kurutulan bitki yapraklar ogiitiilerek toz
haline getirildi ve deneysel calismalarda kullanilmak iizere nemsiz bir ortamda muhafaza edildi. 5 gr
bitki 6rnegi 100 ml saf su ile birlikte bir beherin igerisine konulduktan sonra kaynamaya birakildu.
Kaynayan 6ziit oda kosullarinda sogutuldu. Elde edilen 6ziit siizme islemine tabi tutuldu. Elde edilen
stiziinti deneylerde kullanilmak iizere +4 °C’de muhafaza edildi. Ticari olarak temin edilen (Sigma-
Aldrich marka) % 12.0 saflikta titanyum(Ill) klorid (TiCls)’ten 1 mM sulu ¢ozelti hazirlandi.

2.2. Nanopartikiil sentezi ve karakterizasyonu

100 ml ¢orek otu bitki oziti ile titanyum(III) klorid ¢ozeltisi (pH:6.0) bir behere konuldu. Isiticili
manyetik karistiric1 yardimiyla 45°C’de bitki 6ziitli ve metal ¢ozeltisi reaksiyon ortamina birakildi. 4
saat sonra renk degisimi gozlemlendi. Agilent Cary 60 UV-Visible spektroskopi cihaz1 ile 30 dakika
araliklarla alinan 6rneklerden TiO>NP’lerin olusumu ve varligi goézlemlendi. Agilent Cary 630 FT-IR
cihazi ile ¢orek otu bitki 6ziitiinde varolan fonksiyonel gruplar ve reaksiyon sonunda indirgemeden
sorumlu olan fonksiyonel gruplardaki degisim tespit edildi. Olusan renkli ¢dzelti 6000 rpm de 10
dakika santrifiij (OHAUS FC 5706) edildi. Her defasinda siipernatant ayrilarak ¢dken kisimlar
toplandi. Bu islem sonucunda elde edilen ¢okelti saf su ile birkag defa yikama islemine tabi tutuldu.
Toplanan ¢okelti 80 °C’de 24 saat kurutulmaya birakildi. Elde edilen nanopartikiil materyallerin X-
1511 diftraktometresi (RadB-DMAX 11 bilgisayar kontrollii) ve taramali elektron mikroskobu (EVO 40
LEQ) kullanilarak goriintimleri (kristal yap1, boyut) ve element kompozisyonlar1 belirlendi. TGA-50
(Shimadzu) cihazi kullanarak TiO.NP’lerin farkli sicakliklardaki termogravimetrik ve difarensiyel
termal (TGA-DTA) bozunumlart incelendi.

2.3. TiO;NP’lerin antimikrobiyal aktivitelerinin belirlenmesi

Sentezlenen TiO;NP’lerin bazi mikroorganizmalarin iiremesi iizerindeki inhibisyon etkileri gram
negatif (Escherichia coli ATCC 25922), gram pozitif (Staphylococcus aureus ATCC 29213) bakteriler
ve Candida albicans mayas1 kullanilarak minimum inhibisyon konsantrasyonu (MIK) mikrodiliisyon
metoduyla belirlendi. Mikroplaka kuyucuklarina Muller Hinton besiyeri, farkli konsantrasyonlarda
TiONP ¢ozeltisi ve Mc Farland standardi 0.5’e¢ (bulaniklik) goére hazirlanan mikroorganizma
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karisimindan konuldu. 37 °C de 24 saat inkiibasyona birakildi. TiO;NP’lerin antimikrobiyal
etkilerininin karsilastirmasi i¢in ticari olarak temin edilen S.aureus bakterisi i¢in vankomisin, E.coli
bakterisi i¢in colistin ve C. albicans mayasi igin flukanozol standart antibiyotikleri kullanildi. Bdylece
1 mM TiO,NP sulu ¢6zeltisinin mikroorganizmalar lizerindeki antimikrobiyal etkilerine arastirildi.

3.Bulgular ve tartiygma

Atik durumdaki ¢orek otu yesil yapraklarindan elde edilen 100 mL 6ziit ile 1 mM 250 mL TiCls
¢ozeltisi bir behere konularak 45°C’de dort saat boyunca karistirildi  ve reaksiyon sonunda renk
degisimi meydana geldi (Sekil 2). Meydana gelen bu renk degisimi plazma yiizeyindeki titresimlerle
TiO:NP’lerin varligim ifade eder. Maksimum absorbans olan 390 nm’de tespit edilen pikler
TiO2NP’lerin olustugunu gostermektedir (Sekil 2). Nasrollahzadeh ve Sajadi (2015), yapmis olduklari
bir caligmada TiO,NP’lerin yakin dalga boylarinda benzer pikler verdigini bildirmistir.

3,000
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1,000

0,000
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300,00 400,00 nm. 500,00 600,00 700,00

Sekil 2. Titanyum dioksit (TiO,NP) nanopartikiillerin farkli zamanlarda alinan 6rneklerin UV-vis
verileri.

Infrared spektroskopi (FTIR) analizinde TiO;NP’lerin yesil sentezinde indirgemeden sorumlu
fonksiyonel gruplar incelendi. Corek otu bitkisinde var olan belli gruplardaki (3330, 2330 ve 1636
cm?) kaymalar, reaksiyonun bu fonksiyonel gruplar iizerinde gergeklestigini diisiindiirmektedir (Sekil
3). Benzer bir ¢alismada titanyum dioksit nanopartikiil sentezinde etkin gruplarm 3300 cm™ deki
fonksiyonel grubun reaksiyonda rol aldigini ifade etmislerdir (Mulmi vd. 2018),(Acay, Baran, ve Eren
2019)(Li vd 2019).
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Sekil 3. FT-IR Analiz Sonucu ; A. Cérek otu Bitki Oziitiiniin FT-IR gérﬁnﬁrﬁﬁ, B. Reaksiyon sonrasi
fonksiyonel gruplarin degerlendirlmesi.

Corek otu bitkisinin yesil yapraklart ile sentezlenen TiO;NP’lerin X-igintimi1 kirmimmi (XRD)
degerlendirildi (Sekil 4.). XRD sonuglarinda (1 01),(103),(004),(112),(200),(105),(211), (2
04),(116),(220)ve (215)de ki piklerin titanyum dioksitin karakteristik kristal yapisina ait oldugu
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ve bu piklerin 20 da degerleri sirasi ile 24.08, 26.76, 35.17, 39.70, 41.66, 43.89, 53.72, 55.51, 68.19 ve
76.34 oldugu goriilmektedir. Diger ¢alismalar ile karsilastirildiginda sonuglarin uyumlu oldugu tespit
edildi (Santhoshkumar vd. 2014)(Nasrollahzadeh ve Sajadi 2015)(Srinivasan vd. 2019). Yapilan bu
caligmada titanyum dioksit nanopartikiillerin boyutunu xrd deseninden en yiiksek pikin 2 6’daki
degerinden hesaplandi.

XRD analizi sonucunda TiO,NP’lerin kristal tanecik boyutunun 30.61 oldugu Debye-Scherrer
esitsizligi kullanilarak hesaplandi.
D=KA/ (B cosd)

Esitsizlikte D= Parcacigin boyutu (nm), K= Sabit (0.90), A = Dalgaboyu X-ray (1.5406 0A), B = En
yiiksek pikin degerinin yarist radyan cinsinden (FWHM), 6 = Kirilma agis1 olarak belirtilmistir (Baran
ve acay 2019; Eren ve Baran 2019).
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Sekil 4. TiO2NP’lerin XRD analiziyle kristal yapisi ve titanyumdioksit fazlarinin incelenmesi.

Taramal1 elektron mikroskobu (SEM) analizi verileri incelendiginde titanyum dioksit
nanopartikiillerinin kiiresel yapida oldugu tespit edilmistir. EDX analizi sonuglari ise titanyum dioksit
nanopartikiillerinin oksitli yapida oldugunu gostermektedir (Sekil 5). Diger bitkisel kaynaklh
nanopartikiil sentez ¢alismalar1 da bu yapilarin genellikle kiiresel formda oldugunu gdstermektedir
(Santhoshkumar ve ark. 2014; Goutam ve ark. 2018; Zhang ve ark. 2018).

cpsleV

° Spectrum: Objects

t Bl AN Series unn. C norm. C Atom. C Error
Al i [wt.-%] [wt.-%] [at.-%] [%]
: Ti 22 K-series  7.50  7.50  2.64 0.3
. 0 8 K-series 92.50 92.50 97.36 65.0
o M aat st e Jk - - ‘ ; Total: 100,00 100,00 100.00
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Mag= 1.00KX  EMT=2000kv SignalA=SE1 WD= Smm

um 10pm

| Mag = 4000 K X EHT=20.00kv SignalA=SE1 WD= 8mm Mag= 250KX EHT =2000kV Signal A=SE1 WD= 9mm
Sekil 5. Bitkisel kaynakli sentezlenen TiO2NP’lerin SEM/EDX goriiniimii ve element
kompozisyonlari.

Termalgravimetrik ve diffarensiyel termal analiz sonucu (TGA-DTA) verileri incelendiginde titanyum
dioksit nanopartikiillerin 25-230°C de kiitle kaybinin nemden kaynakli oldugu 230-790°C’de meydana
gelen kiitle kaybina ise ¢orek otu bitkisi 0ziitlinden gelen fitokimyasallarin sebep oldugu sdylenebilir.
Yapilan bir ¢alismada PbO nanoparcaciklarimin bozunma sicakliklar1 50-800°C oldugu TGA verileri
rapor edilmistir (Yousefi ve ark. 2014; Baran ve ark. 2018; Baran ve Diiz 201). Sonu¢ olarak
calismada kullanilan ¢orek otu bitki 6ziitii ile sentezlenen titanyum dioksit nanopartikiillerin 800 °C’ye
kadar dayanikli oldugu tespit edilmistir (Sekil 6).

——— TiNPSTGA.ta DTA
TGA —— TiNPSTGA.ta TG DTA
% uV
150.00- 4 40.00
4 20.00
100.00-
1 0.00
1 -20.00
50.00-
1 -40.00
-0.00¢ L L L L L L -60.00
-0.00 200.00 400.00 600.00 800.00 1000.00 :
Temp [C]

Sekil 6. TiO-NP’lerin TGA-DTA analiz sonucu.

Son yillarda mikroorganizmalara karst kullanilan antibiyotiklerin bilingsiz kullanimi bu
organizmalarin antibiyotiklere karsi direng gelistirmesine neden olmustur. Bu durum ticari olarak
kullanilan ilaglarin etkisinin ¢ok zayif kalmasina sebep olmaktadir. Bu problemenin giderilmesinde
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alternatif antimikrobiyal ajanlarin aranmasi noktasinda ¢evre dostu bir sentez ile elde edilen titanyum,
glimiig, altin ve c¢inko nanopartikiilleri anahtar rol oynayabilir. Bitki o6ziitlerinden elde edilen
nanopartikiillerin etkili antimikrobiyal &zelliklerinin oldugunu destekleyen calismalar mevcuttur
(Acay ve ark. 2019; Baran ve ark. 2019; Eren, ve Baran 2019). Calismada bu bilgiler dogrultusunda
biyolojik atik materyalle sentezlenen TiO.NP’lerin alternatif bir antimikrobiyal ajan olarak kullanimi
degerlendirildi. (Tablo 1.) Elde edilen sonuglar TiO;NP’lerin standart olarak kullanilan
antibiyotiklerden daha etkili oldugunu gostermistir.

Tablo 1. Sentezlenmis titanyum oksit nanopartikiillerin (TiO2NP'ler) (mg mL-1), titanyum klorid
¢Ozeltisi ve vankomisin, ﬂukopazol, colistin antibiyotiklerinin ~S.aures, S. Albicans ve E. coli
mikroorganizmlari iizerindeki MIK degerlerlerinin karsilastirilmasi.

Organizma TiO2NPs Titanyum (I11) klorid Antibiyotik
(mgmL™) (mgmL™) (mgmL™)
S. aureus
ATCC 29213 0.34 0.5 1
C. albicans 0.17 1.0 2
E. coli
ATCC25922 0.68 1.0 2
5. SONUC

Calismada biyolojik materyal olarak ¢orek otu bitkisinin atil durumdaki yesil yapraklari kullanilarak
sentezlenen titanyum dioksit nanopartikiilleri kullanildi. Bu ¢aligmanin diger yontemlerden stiinliigii
atik durumdaki bitki materyalinin TiO; nanopartikiillerinin biiyiik 6l¢ekli sentezi igin ¢evre dostu,
ucuz ve herhangi bir toksik madde icermemesidir. Ek olarak yesil yolla sentezlenen TiO2NP'leri hem
kararlt hem de dayanikli olmas1 yontemin 6nemli bir diger avantajidir. Bu 6zellikleri sebebiyle ¢orek
otu yapraklar1 oziitleri ile elde edilen titanyum nanopartikiillerinin ilag¢ sanayisi ve diger pek c¢ok
endiistriyel alanlarda alternatif antimikrobiyal ajan olarak kullanilabilecegini diisiiniiyoruz.
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OZET

Ekolojik planlama ve tasarim sosyal, ekonomik ve cevresel agidan siirdiiriilebilir kentler i¢in bir
gerekliliktir. Dogal kaynaklarin kullanilirken verimlilik ve yararliliginin gelistirilmesi, zararli atiklarin
azaltilmasi, atiklarin geri doniisiimii, toplu tasima sistemlerinin gelistirilmesi, yenilenebilir enerji
kaynaklarinin etkin kullanilmasi, kentsel planlamada formun verimlilik ve yararlilik esikleri i¢cinde
olusturulmasi ekolojik planlamaya temel olusturabilecek kriterlerdir.

Bu baglamda basta son donem artig gosteren biiylik projelerde; her boyutuyla siirdiiriilebilir ve insan
ihtiyaglar ile uyumlu bir yagam alam tasarlamak temel amactir. Bu dogrultuda incelenmek iizere
Ankara Yenimahalle ilcesi, Istasyon Mahallesinde bulunan 6zel konumu, millet bahgesi, tren gar1 gibi
alanlara yakinlik ve prestijli bir bolge icerisinde bulunmasi nedeniyle Merkez Ankara Projesi
sec¢ilmistir.

Bu calismada; Merkez Ankara Projesinin ekolojik kentsel tasarim ilkelerine gore, yer seciminden
ulagimina, bina formlarindan golge durumlarina kadar, genelden 0&zele bir degerlendirmesi
yapilmaktadir.

Anahtar kelimeler: Ekolojik Tasarim, Merkez Ankara Projesi, Stirdiiriilebilirlik

ABSTRACT

Ecological planning and design is a requirement for socially, economically and environmentally
sustainable cities. Improving efficiency and capability while using natural resources, reducing harmful
wastes, recycling waste, developing public transportation systems, using efficient renewable
renewable energy resources, forming the form within the efficiency and threshold capability in urban
planning are the criteria that can form the basis of ecological planning.

In this context; The main objective is to design a living space that is sustainable and compatible with
human needs in all aspects especially in the recent projects. For this purpose, the Central Ankara
Project was chosen for its location in the Yenimahalle district of Ankara, in the neighborhood of
Istasyon, due to its proximity to areas such as the national garden, the railway station and its location
in a prestigious area.

In this study; The Central Ankara Project, is evaluated according to the ecological urban design
principles from general to specific, from site selection to transportation, from building forms to
shadow analyzes.

Key words: Ecological Design, Central Ankara Project, Sustainability

Giris

Insanlarin, yasam alanlarinda gerceklestirmis oldugu biitin miidahaleler dogaya yapilan
miidahalelerdir. Dogadaki dengenin bozulmasiyla gelistirilen ekolojik yaklasimli ¢6ziim yollar
planlama ve tasarim agisindan bir zorunluluk olusturmustur.

Bu kapsamda siirdiiriilebilir yerlesimler; iklim ve topografya verilerine saygili, kaynaklarin etkin
kullanildig1, ¢evreye duyarli, yaya ve toplu-tasim odakli ulasim sisteminin hakim oldugu, giines,
riizgar gibi alternatif enerjilerden faydalanilan, dogru konumlandirilmis akilli yapilardan olusur.
Malzemeler genelde geri dontstiiriilebilir yapt malzemeleridir. Bu yapilar ¢evreye karsi duyarliligini
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ortaya koyar, uzun dénemde daha kazancli bir isletim saglar ve saglikli bir yasam alan1 sunar (Unal,
2014).

Amac ve Kapsam

Bu calismanin amaci kent merkezlerindeki kompakt, karma kullanimli bu liiks konut alanlarinin
kullaniciya sundugu imkanlar disinda, ¢evreye karst ne kadar duyarli oldugunu, yakin g¢evresi ile
uyumlu olup olmadigini ve saglikli bir yagsam alani1 sunup sunmadigimni saptamaktir.

Hedef
Belirlenen amag¢ dogrultusunda alan ¢aligsmasi olarak secilen Merkez Ankara Projesini ekolojik agidan
cok olgiitlii degerlendirmek. Her 6lgiitii kendi igerisinde incelemek ve biitiin ile iliskisini kurmak.

Yontem

Bu calisma kapsaminda, Wheeler (2003) ve Toniik (2001)’den yola ¢ikilarak ¢aligma alanina uygun
ekolojik tasarim kriterleri belirlenmis ve bu ilkelerle birlikte gerekli analizler (glines-gdlge vb.)
yapilmistir. Binalarin birbirlerine gore giines-golge durumlarint gostermek i¢in SketcUp ve Revit
programlar1 kullanilarak dijital ortamda analizler gergeklestirilmistir. Proje alani yerinde incelenmis,
satig ofisi, proje sefi ve tasarim ofiste ¢alisan bir mimar ile goriisiilmiis, gerekli bilgiler alinmistir.
Degerlendirme ol¢iitii Excel programi kullanilarak gelistirilmistir. Saglanan her kriter icin 1 puan,
saglanmayan kriter i¢in O puan verilmistir. Toplam puanlar yiizdelik degere ¢evrilmis ve basari
saglanan oran belirlenmistir. Basar1 saglanan oran igerisinde agirlik yiizdesi en fazla olan kriterleri
belirlemek icin agirlik yiizdeleri hesaplanmustir.

Ekolojik Tasarim Ilkeleri

Ekolojik tabanli tasarimin ortaya ¢ikis noktasi ekolojik planlamadir. Ekolojik planlamayi giindeme
getiren ise sirdiirtilebilirlik ve yasam kalitesi kavramlaridir. Ekolojik kentsel tasarim; kentin gevre
iizerinde etkisini azaltabilen, yenilenebilir enerji kaynaklarmi kullanan, diisiik diizeyde atik iireten,
irettigi atifit hammadde olarak kullanabilen ve geri doniisiimlii malzeme kullanan tasarim olarak
tanimlanabilir. Eko-tasarimda doga hareketlerinin gbzlenerek yasamin i¢ine alinabilmesi i¢in tasarimin
doganin kendisi ve hareketleri ile birlikte olugturulmasi gerekir (Giirbiiz, Aridag, 2013).

Wheeler ise kentleri ¢evresel, sosyal ve ekonomik olarak siirdiiriilebilir kilmanin yollarin1 9 maddede
agiklamuistir:

“e Kompakt ve etkin arazi kullanima,

*» Daha az motorlu ara¢ kullanimi, erisim kolaylig1,

* Etkin kaynak kullanimi, daha az kirlilik ve atik,

* Dogal sistemlerin restorasyonu,

« Kaliteli barinma ve yasam gevrelerinin olusturulmasi,

* Saglikl sosyal ekoloji,

* Siirdiiriilebilir ekonomi,

* Halk katiliminin saglanmasi,

* Yerel kiiltlirtin korunmasidir.” (Wheeler, 2004)
Krusche, Gabriel ve Althaus ise ekolojik tasarim i¢in gerekli kriterler i¢in asagidaki gibi bir cergeve
¢izmistir (Toniik, 2001):

* Cevreye ve enerjiye akilct bir sekilde yaklasip yapinin konumunu, tasarimini, bigimini, mekansal
diizen ve islevselligini, malzeme se¢imi ve tesisatlarini, fonksiyonel peyzaj alanlarini tercih etmek,

* Enerjiyi ve sinirl kaynak kullanimini, yap1 inga ve kullanim siirecinde en etkin sekilde planlamak ve
yonetmek,

* Yenilenebilir enerji kaynaklarini akilci sekilde kullanmak (giines enerjisi, yagmur suyu, dogal
iklimlendirme, peyzaj)

» Bolgedeki ekosistemi olabildigince korumak, miktarii ve cesitliligini desteklemek, saglikli bir
yasam alani yaratmaktir.
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Calisma alaninda kullanilacak ekolojik tasarim kriterleri Wheeler (2003) ve Toniik (2001)’den yola
¢ikarak hazirlanmstir.

Proje Alaninin Ekolojik Kentsel Tasarim Kriterlerine Gore Degerlendirilmesi
Konum
Ankara [li Yenimahalle flge Konumu:

Yenimahalle, 1946-1949 yillan arasinda yakin yerlesim alani olarak planlanmis ve 1950’11 yillarda
memur ve isciler i¢in iki katli olarak tasarlanmistir. Hizli bir gelisme gostermis ve 1957’de ilge
merkezi olmustur (Yetkin, 2018). Merkezi hari¢ egimli bir topografyaya sahiptir. Yiiz 6l¢limii 274
m?dir. 2018 TUIK verilerine gére niifusu 663.580 kisidir. Bolge agirlikli olarak orta ve iist gelir
grubuna hitap etmektedir (Sekil 1).

Merkez Ankara Proje Alan Konumu:

Ankara ili, Yenimahalle ilcesi, Istasyon mahallesi 63865 ada 2 parsel iizerinde bulunmaktadir.
Gayrimenkuliin Kuzeyinde Hipodrom Caddesi, Giineyinde Ankara bulvar1 ve Celal Bayar bulvari,
Batisinda ise Mevlana bulvart (Konya Yolu) yer almaktadir. Proje yaklasik 39.94334598 enlem,
32.83116102 boylam koordinatlarinda konumludur (Sekil 2, 3).

N &

/9‘9’—"

SN

)

IS

ekil 2: Ada — parsel, (Yetkin, 2018)

Sekil 3: Konum, Proje Katalogu

Bolgede ulagim toplu tagima araglari (otobiis, minibiis, metro) vasitasiyla saglanmakta olup; bolge arag
trafiinin yogunlukta oldugu bir bolgedir. Tasmmazin g¢evresinde Biiyiiksehir Belediyesi, Ankara
Universitesi, Anitkabir, Cumhurbaskanlign Kiilliyesi, Genglik Parki, 19 Mayis Stadyumu, Ankara
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Etiler Orduevi, AnkaMALL Avm, TCDD Tren Gari, Ankara Arena Kapali Spor Salonu yer almaktadir

(Sekil 4, 5).

Proje, Ankara- Eskisehir Karayolu’na yaklagik 20,0 km, Ankara Cevre Yolu'na yaklasik 37 km,

Ankara- Konya Karayolu’na yaklasik 24 km mesafede yer almaktadir.

Tablo 1: Alan Bilgileri, (Yetkin, 2018)

Proje Ozellikleri (Hektar)

Ilge Niifusu (2018): 663.580 Parsel Yiizolgtimii: 12.4

Ada /Parsel: 63865 /2 Satilabilir Konut Alani: 21.2

Insaat Alant: 1.213.374,88 m? Satilabilir Ofis Alani: 32.9

Imar Fonksiyonu: Mia Satilabilir Otel Alan1: 1.6

(Merkezi I Alani)

Onceki Fonksiyonu: EGO Garaji Satilabilir Diikkan Alant: 0.3

KAKS: 4.50 Satilabilir AVM Alani: 35

Hmax: Serbest Toplam Satilabilir Alan: 59.7

Toplam Insaat Alani: 121.3
PLAN NOTLARI
- MERKEZI 15 ALANINDAGMIA), TICARET, BORO, REZIDANS, OTEL, IS MERKEZ! ILE KAMU KURULUSLARL, KOLTOR, BGLENCE, | [0 S0 ik ANKARA BOYUKSEHIR BELEDIVES [t iomr
LIK TESISLERI, KONGRE MERKEZI, VB. GIBI KENTSEL SOSYAL TEKNIK ALTYAPI ALANLARI YER ALABILIR. 0,00 KOTU ALTI o E IMAR VE SEHIRCILIK DAIRES| BASKANLIGH i

MAL BU ALANDA YAPILACAK OLAN REZIDANS Y, INSAAT ALANI MIKTARI TOPLAM INSAAT ALANININ WAR T KADASTRO T v T S
%20’ SINDEN FAZLA OLAMAZ ANCAK ALANA ILISKIN \CAK OLAN VAZIYET PLANINDA £%10 DEGISIKLIK YAPILABILIR. AoANO | PARSELNG | ADANO | PARBELNG | A
2-MERKEZ] 1§ AL 4lA); E=4.50 OLACAKTIR.

3- BELEDIYE HIZMET ALANINDA(63866/1) MEVCUT DURUM IMAR DURUMUDUR.
4- HAVA MANIA PLANI KRITERLERINE UYULACAKTIR.

S- CELAL BAYAR BULVARI ILE HIPODROM CADDELERIN| BIRBIRINE BAGLAYAN 15. M. GENISLIGINDEK! YOL $EMATIK OLUP
KAVSAK DOZENLEMES! (ALT- OST GECIT) YOL PROJES! ILE KESINLESECEKTIR. DDY GECIS! ICIN ILGILI KURUMUN GOROSO

&YUWYAMNMWWMWKAVWKWW HUSUSLAR
HAZIRLANACAK OLAN VAZIYET PLANI ILE BELIRLENECEKTIR.

7- PLANDA PARK ALANI OLARAK AYRILAN ALANDA 0,00 KOTU ALTINDA KAPALI OTOPARK YAPILABILIR.

8- YOLLAR, YESIL ALANLAR, KAMU ELINE GECMEDEN INSAAT RUHSATI, 3194 SAYILI
ISTINADEN PARSELASYON PLANLARI ARDINDAN HAZIRLANARAK
ONANACAK OLAN TEKNIK ALTYAPI GERCEKLESTIRILMEDEN YAPI KULLANMA 1ZIN BELGES!
;YMWYMAWWWYWCAKYMWMYMW
UYULACAKTIR.

IMAR KANUNUNUN 23. MADDESINE
KAMU KURULUSLARINCA PROJELER!
VERILEMEZ.

lo-wmmmuwmwmsm A GEREKSINIM DUYULMASI HALINDE REGLAJ ISTASYONU, TRAFO,
SU DEPOSU VB. KULLANIMLAR Y. YAKLASMA MESAFELER! YOLLARA 5 M, YAPILARA 20 M.'DEN FAZLA YAKLASMAMAK
KWJW\'LAYAHADAMHMPA’.K!CINDSYMMR

11-YAYA YOLLARI YANGIN COP VB. SERVIS AMACLI VE GEREKTIGINDE BINAYA OTOPARK GIRI§ CIKIS AMAGLI OLARAK
KULLANILABILIR.

12- OZEL OTOPARK GEREKSINIMI YORORLOKTEK! OTOPARK YONETMELIGI DOGRULTUSUNDA PARSEL ICERISINDE
KARSILANACAKTIR.

13- ADA BAZI UYGULAMALARDA 0,00 KOTU ALTINDAKI-BODRUM KATLARDA YAPILACAK KAPALI OTOPARKLAR YOLLARA EN
FAZLA 5 MT. KADAR YAKLASHRILABILIR.

14- PARK ALANLARI ICERISINDE COCUK OYUN ALANLARI, ONITE SPOR ALANLARI, KAFETERYA, HAVUZLAR, PERGOLALAR VE
GENEL WC VB. TESISLER YAPILABILIR. BU ALANDA E~0,10 Hmax=2 KATTIR.

15- Mlm.m YOLA CEPHEL! OLAN BOLOMONDE, P
TI VE OTOPARKI VAZIYET PLANI

CAMI, MOSTEMILA’ UY YAPILACAK
mvmm;unvsmmmrm EMSALE DAHIL DEGILDIR. UYGULAMA TAMAMLANDIKTAN SONRA CAMI,
ILANACAKTIR.

MOSTEMILATI, OTOP, PEYZAJ ALANLAR! ILE BIRLIKTE IFRAZ EDILEREK ILGILI KURUMA DEVR! SAG

/e

Sekil 4: Plan Notlar, (Yetkin, 2018)

e e———r T ————
“markmahendik prjoe mar pian o NAGerre uygun Sarah dizanenecek ve anayaracsk

SekzlS Imar Durum Bilgisi, (Yetkin, 2018)

TMMOB Sehir Plancilar1 Odas1 basin agiklamasinda plan notlarinda bahsedilen kullanim kararlarinin
MIA gibi tek bir kullanim altinda birlestirilemeyecegini, gelecek olan niifusa yonelik sosyal ve teknik
altyap1 alan1 ayrilmadigimi, bolgenin altyapr dengesinin bozulacagini ve olusacak olan trafik yiikiine
karsin bir oneri getirilmedigini vurgulamistir. Planda emsal kapsamina alinmayan yapilasma ile yap1
ruhsatlarinda verilen insaat hakkinin degeri %18,23 astigin1 ve gercek emsal degerinin 5,35 oldugunu
belirtmistir (Sekil 4, 5).

(TMMOB Sehir Plancilart Odast Ankara Subesi, 2018)

Merkez Ankara Projesi Emlak Konut giivencesinde, Pasifik-Ciftay ortakliginda yapilmistir. New York
asillt KPF Mimarlik mimari projesini iistlenmistir. Merkez Ankara Proje kiinyesi tablodaki gibidir (
Tablo 2).
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Tablo 2: Proje Kiinyesi, Proje Tanitim Katalogu

Proje fsmi MERKEZ ANKARA

Arsa Sahibi EMLAK KONUT GYO A.S.
Yatirimel PASIFIK-CIFTAY ORTAKLIGI
Mimari Proje KPF NEW YORK

AVM Konsept Proje DDG BALTIMORE

Mimari Uygulama Projeleri A TASARIM, ACE MIMARLIK, YAZGAN MIMARLIK
Peyzaj Projesi DS MIMARLIK

I¢ Mimari Proje (Konutlar) BRIGITTE WEBER MIMARLIK
Cephe Danismam WERNER SOBEK

Riizgar Danismam RWDI

Otopark Danismani 2A GRUP

Proje Tamtimi:
Proje pazarlama stratejileri arasinda Millet Bahgesi’ne (1,7 milyon m?) , tren garina yakimlik gibi

faktorler 6nemli yer tutmaktadir. Proje Millet Bahgesi’ne bir yaya kopriisii ile ulagsma imkani vaat
etmektedir. Alanin batisindaki 220 m uzunlugundaki 50 kath is kulesini Ankara’nin imar planinda yer
alan en yiiksek gokdelen olarak tanimlamaktadir (Sekil 6, Tablo 3).

(Merkez Ankara Konut Projesi Tanitim Katalogu).

Yerlesim Plani

Sekil 6: Yerlesim Plani, Proje Tamtim Katalogu

Tablo 3: Konut, Ofis, Magaza sayisi, Proje Tanitim Katalogu
Konut 1425 Magaza 150

Ofis 1500 Algveris Cad. 600m agik AVM

Proje alanindaki konut alanlar1 aile konutlar1 (5 blok) ve sehir siiitleri olarak ikiye ayrilmaktadir. iki
konut alani birbirinden 600 metre uzunlugundaki bir aligveris caddesi ile ayrilmaktadir. Proje alaninin
batisinda kamuya tahsis edilecek 3 blok ve bir ibadet alan1 bulunmaktadir. Alanin dogusunda is yerleri
olarak kullamlacak olan 3 kule tasarlanmistir. ilk etapta kamu binalari, ikinci etapta konutlar, son
olarak da ofis binalar1 insa edilecektir. 10.000 — 15.000 kamu personeli 10.000 -15.000 aras1 da konut
alanlarinda yasayacak niifus Oongdriilmektedir (Proje Satis Ofisi, 2019). Aile konutlar1 3+1, 4+1,
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4,5+1, 5+1 ve 6+1 olarak tasarlanmistir ve fiyatlar1 994 bin tl ile 1.782.000 tl arasinda degismektedir.
Sehir siiiti konutlar1 1+1 ve 2+1 olarak tasarlanmistir ve 625 bin tl ile 1.165.000 tl arasinda
degismektedir (Proje Satis Ofisi, 2019) . Daire biiyiikliiklerine gore degisen kapali otoparklar
bulunmaktadir. Ulagim baslig1 altinda detayli olarak incelenmistir (Sekil 6, Tablo 3).

Ekolojik Tasarim Kriterleri:

Krusche, Gabriel, Althaus ve Wheeler’in ekolojik tasarim kriterlerinden yola ¢ikilarak olusturulan ana
ve alt bagliklar asagidaki gibidir (Tablo 4). Kriterler segilirken alan, proje, projenin vaat ettikleri
dikkate alinmistir. Merkez Ankara gibi kompakt, karma kullanimli, liikks konut projelerinin uzun
vadede daha ekonomik isletim i¢in, daha saglikli ve gevreye duyarli bir yasam alami i¢in ne gibi

tasarim 6nlemleri aldigin1 6lgmek icin asagidaki 10 kriter secilmistir.

Tablo 5: Secilen Kriterler
SECILEN KRITERLER

1. Yer Segimi
2. Enerji Etkin Bina Bigim ve
Kabugu
3. Mekansal Yapinin Ekolojik
Tabanli Planlama ve Tasarimi
4. Yagmur Suyu Kazanimi ve Etkin
Kullanimi
5. Yenilenebilir Enerji
6. Atik Yonetim Sistemi
7. Yenebilir Peyzaj
8. Siirdiiriilebilir Ulagim
9. Sosyal Tesisler

Egim, Altyapi, Giinese yonlenme, Riizgar, Yakin cevreyle iliski, Donat1 6geleri
Enerjinin korunmasi, mekanin planlanmasi, akilli cepheler, giin 15181, akilli
sistemler, malzeme

Kentsel bigim, Etkin alan kullanimi, Yakin ¢evreyle uyum, Geri doniigiimlii
malzeme kullanimi, Golge analizi, Engelsiz tasarim

Yagmur suyu kazanimi, Atik su yonetim sistemi, Binalarda tasarruflu tesisat ve
techizat kullanimi

Enerji tasarrufu, temiz enerji

Atiklarin geri doniistiiriilmesi

Peyzaj deseni, yenebilir peyzaj

Ulasim tasarimi (yaya bisiklet agirlikli tasarim), otopark, toplu tagim

Kiiltiirel sosyal tesislerin varligi

10. Karma Gelir Grubu Farkli gelir gruplarina hitap edebilme

Merkez Ankara Konut Proje Alan1’nin Ekolojik Tasarim Kriterlerine Gore
Degerlendirilmesi

Her iklim bolgesi kendine o6zel ekolojik faktdrleri barindirdigindan, ekolojik tasarim kriterleri
secilirken proje alan1 dikkate alinarak degerlendirme yapilmistir.

1. Yer Secimi
Proje alani diiz bir alandir. Hakim riizgar yonii kuzeybatidir. Bina yonelimleri kuzeydogu yoniine,

Millet Bahgesi’ne bakmaktadir. Proje alanindan millet bahgesine referans verecek bir kdpriiyle iligki
kurulmasi planlanmaktadir. Alan altyapisinin tamamlanmis ve toplu tasim giizergdhlarinda yer
almaktadir.

Alandaki aile konut alanlarmin Millet Bahgesi’ne bakan tarafinin yonii kuzeydogudur, giiney yonii
Anitkabir, Atakule’yi gormektedir. Kurgu; Binalar manzaradan ve giinesten faydalanacak sekilde
yonlendirilmis ve ortogonal bir diizen takip edilmistir. Bu diizen dogu — bati yonlerinde uzanarak
projenin tiim bilesenlerini birlestiren bir kamusal alan olusturulmustur. Binalar capraz sekilde
konumlandirilmstir (Sekil 7).
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Sekil 7: Binalarin Yonelimi, Proje Tamtim Katalogu

Yap yiikseklikleri 17 kat ( 71m) ile 50 kat (220m) arasindadir. Yapilar arasi mesafe 30m’dir. Alanda
aile bloklar1 ve sehir siiitleri olmak tizere iki tlir konut alani tasarlanmigtir. Bu konut alanlar1 600m’lik

aligveris caddesi ile ayrilmaktadir. Alanin giineyinde bulunan aile bloklar1 31-41 kat araliginda, Sehir
stiitleri 17-31 kat araligindadir (Sekil 8).

= : - hT:m.;‘.';ir‘ - ‘!:_:J;Jln
Sekil 8: Kat Yiikseklikleri, Proje Satis Ofisi

Giines; “Gorsel ve 1sisal agidan binalarin uzun yonlerinin dogu-bati yoniinde olmasi istenmektedir.
Yani binalarin uzun yonlerinin giiney yoniine bakmasi beklenir”. (Ofluoglu, 2018) Burada bloklar
daha ¢ok giiney dogu ve bat1 yoniinde bulunmaktadir. Daireler ya sabah ya da 6gleden sonra giinesi
almaktadir. Detayli giines golge analizi Ekolojik Tabanli Mimari Yapilarin Planlama ve Tasarimi
basligi altinda degerlendirilmistir.

Cat1 alanlar1 ¢ok az oldugu icin giines paneli kullanimi ¢ok etkili olmayacaktir. D blokta 1sitma
giderlerinin yiiksek olabilecegi degerlendirilmistir.

Riizgar; “Yiiksek yapilar riizgar etkisini artirir. Yiiksek ve dikdortgen yapr riizgar yoniindeki yiizeyi
nedeniyle en sorunlu yapidir. Ayrica binalar aym1 hizada konumlanarak riizgdra maruz yiizey
azaltilabilir.”  (Ofluoglu, 2018) Aile bloklarmin giliney tarafinda olmasi daha iyi olarak
degerlendirilmistir. Kuzeydeki Otel ve Sehir Siitleri bloklarmin farkli yiiksekliklerde olmasi riizgar
icin olumsuz olarak degerlendirilmistir. Aile Konutlarinda riizgdr iki cepheyi icine alacak sekilde
gelmekte ve 45 derece civari bir agiyla agilmis pencerelerle i¢ mekanlarda iyi bir hava sirkiilasyonu
yapabilir. Kiitlelerin genelde ince olmasi da havalandirmalarimi kolaylastirabilir. Ancak bloklarin ¢ok
yiiksek olmas1 yaya seviyesine inecek kuvvetli riizgarlara sebep olabilir. Yaya alanlar/parklarda
rahatsiz edici bir riizgar etkisi olabilir.

Yer Secimi bagligi altinda incelenen kriterler asagidaki tabloda degerlendirilmistir ( Tablo 5).
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Tablo 6: Yer Secimi

1. Yer Se¢imi

Egim ve Yap1 Yonlenmesi Giiney ve Giiney Dogu Y 6nii 1
Topografya Topografyaya saygili tasarim 1
Altyap1 Alanin altyapisinin tamamlanmis ve toplu tagim giizergahlarinda yer almas: | 1
Giinese Yonlenme/ Riizgar Giines ve riizgardan azami yararlanacak sekilde yerlesmenin yonlenmesi 0
Yakin Cevresiyle Tliski Cevresindeki rekreatif alanlarla biitiinlesme 1
Donatilar Kentsel donatilara yakinlik 1
Toplam 5
Basar1 Yiizdesi 83.33%

2. Enerji Etkin Bina Bicim ve Kabugu
Dikdortgen formu yapilagsma kullanilmistir. Yapilar arasi mesafe 30 metredir. Enerjinin kazanimi igin

uygun bigimde ve 1s1 yalitim basaris1 yiiksek bir yap1 kabugu tasarlanmistir. Proje alani igerisindeki
acik alanlar, bina cepheleriyle takip edilebilir bir kapalilik hissi olusturmus ve bir i¢ yaya dolasim
bolgesi seklinde tasarlanmustir.

Aile konutlart ile sehir siiitleri denilen 1+1 ve 2+1 dairelerden olusan sehir siiitleri arasinda 600 m’lik
bir aligveris caddesi olusturulmustur (Sekil 9, 10).

Akillr sistem altyapist bulunmaktadir. Dileyen kullanici aktif hale getirebilecektir. Emlak Konut
giivencesinde malzemeler genelde yereldir ancak ithal malzemelerde kullanilmistir.

Sekil 10: 600m’lik Alisveris Caddesi, Katalog

Konutlarda tasarimlari degisen dogal havalandirma bulunmaktadir. Daha kiiciik m?’1i ofis binalarinda
dogal havalandirma kullanilmamigtir. Cam acilarak yapilan bir sistemle degil, cephede cam bélmeler
arasinda profil icerisinde kanadi cevirerek aktif hale getirilen bir sistem bulunmaktadir. Aktif hale
gelince havayi igeri alan bir sistem kurulmustur. Konutlarda dogal havalandirma kullanilmustir.

Gilines kiricilar, konutlarda da ofis binalarinda da olacak sekilde tasarlanmistir. Ancak giines
hareketlerine gore hesaplanan giines kiricilar lansmana ¢iktiktan sonra kapanan manzara gerekcesiyle

kullanicilar tarafindan azaltilmigtir (Sekil 11).
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Sekil 11: Konut Bloklarinin Cephesi, Proje Tanitim Katalogu
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Stiper kule olarak adlandirilan 50 katli 220 m yiiksekligindeki ofis binasi i¢in proje tamamlaninca
LEED sertifikast basvurusu yapilmast planlanmaktadir. Bu sebeple giines kiricilar, dogal
havalandirma, kat bahgeleri, standart iistii tesisat, yesil teras, gri su aritma sistemi gibi nitelikler bu is
kulesinde daha 6n plandadir.

Bina Bigim ve Kabugu baslig1 altinda incelenen kriterler asagidaki tabloda degerlendirilmistir ( Tablo
6).

Tablo 7: Enerji Etkin Bina Bi¢im ve Kabugu
2. Enerji Etkin Bina Bicim ve

Kabugu

Enerji kazanimi igin elverigli yapisal form ve 1s1 performansl yap1 kabugu
Enerjinin Kazanimi dizayni 1

Konut alanlar igerisindeki agik alanlarin bina cepheleriyle takip edilebilir bir
Kentsel Mekanim Plani kapalilik hissi ve bir i¢ yaya dolasimi olusturmasi 1
Akilli Cepheler Dogal havalandirma 1

Giines kiricilar 0
Glin Is181 Giin 1518111 etkin kullanmak 0
Akall Sistemler Akillr sistem altyapisi 0
Iklim Yapilarda iklimle dengeli tasarimin géz Oniine alinmasit 0
Toplam 3
Basar1 Yiizdesi 42.86%

3. Mekénsal Yapimin Ekolojik Tabanh Planlama ve Tasarim

Otopark alanlarimin yaklasik %80°nin yer altinda olmas1 goriintii kirliligine engel olmustur. Yapilarda
geri doniistimli malzemelerden yararlanilmamistir. Isinmada; merkezi ve ayarlanabilen (1s1 pay 6lger)
olmas enerji kayiplaria engel olacaktir. ¢ mekanlarda yangin detektorleri ve tesisatinin bulunmasi
kullanicinin  giivenligini olumlu etkilemistir. Asansorler, rampalar engelsiz tasarim i¢in uygun
tasarlanmigtir. LEED Sertifika (ABD yesil sertifika sistemi) alimi planlanan is kulesinde mevzuat
standartlarinin Gstiinde engelsiz tasarim uygulanacagi planlanmaktadir.

Alanin giines — golge analizleri yapilarin birbirlerine gore gilines-golge durumlarini belirlemek i¢in en
uzun gin (21 Haziran, Yaz Giindoniimii) (Sekil 12, 13, 14) , en uzun gece (21 Aralik, Kis
Gilindontimii) (Sekil 15, 16, 17) ve ekinokslar (21 Mart ve 23 Eyliil) (Sekil 18, 19, 20, 21, 22, 23) i¢in
yapilmistir. Analizler SketchUp programinda vaziyet plam iizerinden {li¢ boyut verilerek Revit
programina atilmis ve Revit programinda giines-gblge durumlari saat, giin ve ay olarak hesaplanmugtir.

s

i
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Sekil 12: 21 Haziran, Sabah (07:00) Sekil 13: 21 Haziran, Oglen (13:00)
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21 Haziran -

Sekil 14: 21 Haziran, Aksam (19:00)

s

o = i

21 Aralic - o
e 21 hra,

Sekil 15: 21 Aralik, (Sabah, 07:00) Sekil 16: 21 Aralik, (Oglen, 13:00)

21 Aralk.

Sekil 17: 21 Aralik, (Aksam, 16:00)
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Sekil 18: 21 Mart, (Sabah, 07:00) Sekil 19: 21 Mart, (Oglen, 13:00)

s
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Sekil 20: 21 Mart, ( Aksam, 17:00)

E oL
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Sekil 21: 23 Eyliil, (Sabah, 07:00) Sekil 22: 23 Eyliil, (Oglen, 13:00)
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Sekil 23: 23 Eyliil, (Aksam, 17.:00)

Yapilan golge analizlerinde ortak alan olan 600m’lik agitk AVM’nin neredeyse hi¢ giines almadigi,
aile konutlarinin giiney cepheleri disginda yapilarin birbirlerinin giineslerini engelledigi sonucuna
varilmistir.

Alan yakin ¢evresi ile ele alindiginda;

Emsal 1: Gazi Mahallesinde, degerleme konusu tasinmaza kus ugusu yaklasik 1,2 km mesafede yer
alan, konut alani, 3 kat yapilasma kosullu 329 m?, 5922 ada 15 parselde konumlu,

Emsal 2: Mebusevleri Mahallesinde, degerleme konusu taginmaza kus ugusu yaklasik 1,0 km
mesafede yer alan, konut alani, 4 kat yapilasma kosullu 605 m?, 4259 ada 12 parselde konumlu,

Emsal 3: Anittepe Mahallesinde, degerleme konusu tasinmaza yakin mesafede yer alan, konut alani, 4

kat yapilagsma kosullu 273 m?.
uyumlu degildir :Sekil 24;.

je alani eri ile mevcut yapil gevreyle

Dola 151 ile

.50 emsal deg
. & A

roje Konumu ve erei, Goole Earth

Sekil 24

Mekénsal Yapinin Ekolojik Tabanli Planlama ve Tasarimi baglig1 altinda incelenen kriterler asagidaki
tabloda degerlendirilmistir ( Tablo 7).
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Tablo 8: Mekdnsal Yapinin Planlama ve Tasarimi
3. Mekénsal Yapimin
Planlama ve Tasarimi

Kentsel Bigim Karma kullanimi destekleyen, kompakt kentsel bigim 1
Etkin Alan Kullanimi Yayilmayan, biitiinciil tasarim 1
Cevreyle Uyum Yap1 tasarimlarmin (bicim, yiikseklik, vb.) yakin ¢evresiyle uyumu 0
Malzeme Segimi Geri doniistiiriilebilir ve dogal malzeme 0
Golge Analizi Giines hakk1 0
Engelsiz Tasarim Herkes i¢in esit erisim 1
Toplam 3
Basar1 Yiizdesi 50.00%

4. Suyun Kazanimi ve Etkin Kullanim

Projede yagmur suyu igin herhangi bir sistem kurulmamigtir. Atik sularin doniistiiriilme sistemi
mevcut degildir. Gri su artirma sistemi A blok (kule) i¢in LEED sertifikas1 alma planindan dolay1
diistiniilmektedir. Diger yapilar igin boyle bir sistem kurulmamustir. Yapilarda genelde standart tesisat
kullanilmigtir. Bu nedenle su tiiketiminin azaltimi saglanamamuistir. Yine A blok i¢in bu durum farkl
disiiniilmektedir (Goriisme, Proje Satig Ofisi).

Suyun Kazanimmi ve Etkin Kullanimi baghgi altinda incelenen kriterler asagidaki tabloda
degerlendirilmistir ( Tablo &)

Tablo 9: Suyun Kazanimi ve Etkin Kullanumi
4. Suyun Kazanimi ve Etkin

Kullanimi
Topografik alanlar1 ya da yapilar1 kullanarak suyun bir noktaya
Yagmur Suyu Kazanimi toplanmasinin saglanmasi 0
Atik sularm (gri su, siyah su) doniistiiriilmesi ve ¢esitli amaglar ile yeniden
Atik Su Yonetim Sistemi kullaniminin saglanmasi 0
Yapi Icerisinde Tasarruflu
Tesisat ve Techizat Kullanimi | Ihtiyaca gére su kontroliinii saglayabilen musluk ve dus basliklari, vb. 0
Toplam 0
Basar1 Yiizdesi 0.00%

5. Yenilenebilir Enerji

Fosil yakit kullanimimi ve sera gazi salinimi azaltmak icin enerjinin etkin kullanildigi yapilan
tasarlamak ve yenilenebilir enerji kaynaklarindan faydalanmak olduk¢a 6nemlidir. Fakat bu projede
yenilenebilir enerji kaynaklar1 goz ardi edilmistir. Yap1 dis tasariminda giines panelleri kullanilmamas,
riizgar enerjisi ve yagmur suyu i¢in herhangi bir sistem kurulmamistir. Yap1 i¢ tasariminda akilli ev
sistemi altyapisi olumlu enerji tasarrufu diistincelerinden biridir. Fakat akilli sistem altyapisit maliyeti
artirdigr igin bu sekilde teslim edilmeyecektir. Isteyen kullanicilar sistemi aktif hale getirip
kullanacaklardir. Yapilarda giin 1s18in1 ve giines 1sisin1 kontrol eden gilines kiricilar kullanilacak
sekilde tasarlanmigtir. Fakat bunda da azaltima gidilmistir (maliyet + talep edilmemesi), miisteriler
manzaray1 engelledigi i¢in istememislerdir (Goriisme, Proje Satisg Ofisi).

Yenilenebilir Enerji basligi altinda incelenen kriterler asagidaki tabloda degerlendirilmistir (Tablo 9).

Tablo 10: Yenilenebilir Enerji
5. Yenilenebilir Enerji

Enerji Kullanimi Yenilenebilir ve temiz enerji kullanimi 0
Enerji tasarrufu 0
Yalitim 1

Toplam 1

Basar1 Yiizdesi 33.33%
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6. Atik Yonetim Sistemi

Atiklarin azaltimi ve atiklarin baska bir iiretim siirecinde hammadde olarak kullanimi anahtar
kriterlerden biridir. Bu projede atiklarin yonetimi (ayristirma, gezi kazamim) ile ilgili herhangi bir
sistem bulunmamaktadir. A blok (kule) i¢in sertifika alma planindan dolay1 diisiince asamasindadir,
diger yapilar i¢in ekonomik sebeplerden dolay: diisiince askida kalmigtir (Goriisme, Proje Satis Ofisi).

Atik Yonetim Sistemi basligi altinda incelenen kriterler asagidaki tabloda degerlendirilmistir (
Tablo 10).

Tablo 11: Atk Geri Déoniistimii

6. Atik Geri Doniisiimii

Atik Geri Doniistimii Atiklarin azaltilmasi 0
Atik ayristirma 0
Atiklarmn geri kazanimi 0

Toplam 0

Bagar1 Yiizdesi 0.00%

7. Yenebilir Peyzaj
Stirdiiriilebilir binalarda peyzaj deseni gorsel konfor disinda fonksiyonel bir amag¢ da tagimaktadir.
Burada yapilar yiiksek katli oldugu icin agaglar binalari giinesten koruma islevini ve riizgari
yonlendirme iglevini yitirmistir. Yalniz yiiriiylis parkurlarinda bu islev ortaya ¢ikmaktadir. Yenebilir
peyzaj tasarimi alanda tercih edil isti kil 25, 26).

Sekil 26: Yesil Alanlar, Proje Tanitim atalou |

Alanda konut alanlarina 6zel peyzaj alan1 da bulunmaktadir. Yenebilir peyzaj tasarimi alanda tercih
edilmemistir. Proje alanindan Millet Bahge’sine bir yaya kopriisii ile gecis saglanmasi planlanmaktadir
(Sekil 27).
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Sekil 28: Konut Proje Alani ve Millet Bahgesi, Proje Tanitim Katlog'u
Yenebilir Peyzaj bashigi altinda incelenen kriterler agsagidaki tabloda degerlendirilmistir (Tablo 11).

Tablo 12: Yenebilir Peyzaj

7. Yenebilir Peyzaj

Peyzaj Tasarimi Peyzaj Tasarim1 0
Yenebilir Peyzaj 0

Toplam 0

Basari Yiizdesi 0.00%

8. Siirdiiriilebilir Ulasim

Planlamada niifus yogunlugu ulagim agin1 6nemli derecede etkiler. Karma kullanimli, kompakt bir
alan ortak yaya yolu sistemini, toplu tasimay1 ve yiiriimeyi destekler. A¢ik alan kullaniminda canliligi
artirtr ve kentsel hizmetleri destekler.

Proje alaninda yaya kullanimi saglanabilmekteyken bisiklet icin 6zel bir alan tasarlanmamustir.
Disaridan alana bisiklet yoluyla ulasilabilecek bir hat bulunmamaktadir. Bisiklet ulagimi proje
alanindan Millet Bahge’sine ulagan yaya kopriisii ile Millet Bahgesi icerisinde bisiklet ulagimi
ongoriilmektedir. Dezavantajli gruplar i¢in uygun asansorler tasarlanmigtir ve engel teskil edecek
rampa vs. goze carpmamaktadir. Alanda toplu tagim sorunu bulunmamaktadir. Hem lastik tekerlekli
toplu tasim duraklarina, hem de metro istasyonlarina yiiriinebilir mesafededir. Akkoprii metro
istasyonu yaklasik 800m uzaklikta, AKM metro istasyonu yaklagik 600m uzaklikta bulunmaktadir.
Alanda -4 kat otopark alan1 bulunmaktadir (Tablo 12, 13).
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Tablo 13: Otopark Plan:

Bl Ik kat AVM’ye ait

B2 Ortak alan (aksam 10’dan sonra AVM kapaninca ortak, dncesinde herkes kendi katinda
olmak zorunda)

B3 Yarist aile konutlarmnin, diger yarisi sehir siitlerinin

B4 Aile konutlarmin kendi izi altindaki otopark:

Tablo 14: Otopark Sayisi

4+1, 5+1 2 otopark alani tahsis edilmis
6+1 3 otopark alani tahsis edilmis
2+1 1 ya da 2 otopark alani tizerinden hesaplanmig
1+1 Genelde ortak alan kullanimi

Stirdiiriilebilir Ulasim baglig1 altinda incelenen kriterler asagidaki tabloda degerlendirilmistir (Tablo
14).

Tablo 15: Siirdiiriilebilir Ulasim

8. Siirdiiriilebilir Ulasim

Ulasim Tasarimi1 Biitiin kullanicilari (yaya ve bisiklet agirlikli) kapsayan ulasim deseni 0

Daire basina diisen otopark, otoparkin alan i¢inde goriintii kirliligi yapmadan
Otopark ¢oziilmesi 1
Toplu Tagima Toplu tasim duraklarma yakinlik 1
Niifus Getirilecek niifusun trafik yiikiine yonelik bir ¢6ziim/6neri 0
Toplam 2
Basari Yiizdesi 50.00%

9. Sosyal Tesisler

Proje, spor, sosyal ve dinlenme tesislerini kendi igerisinde ¢Ozmiistiir. Bu tesislere yiiriinebilir
mesafede olmasi ekolojik tasarim kriterleri agisindan olumlu degerlendirilmistir.

Sosyal Tesisler baslig: altinda incelenen kriterler asagidaki tabloda degerlendirilmistir
(Tablo 15).

Tablo 16: Sosyal Tesisler
9. Sosyal Tesisler
Sosyal ve Kiiltiirel Tesislerin | Insan saghgimni olumlu etkileyecek sosyal (spor, dinlenme) tesislerinin

Varlig1 yliriinebilir mesafede olmasi (en fazla 15 dk) 1
Toplam 1
Bagar1 Yiizdesi 100.00%

10. Karma Gelir Grubu
Bolge gecmisten bu yana konut ve yatirim amacl olup, orta ve list gelir gruplar tarafindan tercih
edilmektedir. Merkez Ankara Konut Projesi de iist gelir grubuna hitap etmektedir (Sekil 29).
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i - 7 . LANSVIAN ONCESI LISTE FiYATI (TL)
KONUT TiPi BRUT (m’) NET (m’) Maks.fiyat LISTE FIYATI - 625.000 TL OLAN BIR DAIRE ICIN
141 81 55 625,000 777,000 %5 PESINATLI 60 AY VADELi ORNEK ODEME PLANI
" . : ODEME - ODEME-2 | ARAODEME-
241 132 98 910,000 1,165,000 PESINAT (T) TAKSTTLER (1) ARAODEME-1 | ARAODEME-2 ODEME-3
341 165 123 994,000 1,277,000 9 AY SONRA 18 AY SONRA 27 AY SONRA
= i i i R 31,250 3,125 93750 93,750 218,750
4541 220 162 1,420,000 1,650,000
541 228 160 1,432,000 1,782,000

%10 INDIRIM % 5 PESINAT VE 60 AY'A VARAN

120 AY 3.125 TUDEN VADEFARKsiz |  Lansman dncesi fiyatlar 31 Mart 2019 tarihine kadar gegeriidir.
"0.98" [o] £ ildi
i TAkSITLER secenewenl | otere KOV dahildi,
* Projemiz kapsaminda yapilan satislar TAPU HARCI'ndan muaftir.

\/ * Fiyatlanmiz stoklar ile smirlidir.
Sekil 29: Fiyat Tablosu, Proje Satig Ofisi
Karma Gelir Grubu baslig: altinda incelenen kriterler asagidaki tabloda degerlendirilmistir (
Tablo 15).

Tablo 17: Karma Gelir Grubu
10. Karma Gelir Grubu

Karma Gelir Grubu Farkli gelir gruplarina hitap edebilecek konut tasarimi 0
Farkl1 gelir gruplari i¢in fiyatlandirma 0
Toplam 0
Basar1 Yiizdesi 0.00%
Degerlendirme

Siirdiiriilebilir yerlesimlerde; enerji etkin kullanilmali, atiklar yonetilmeli, topografyaya ve iklime
saygili tasarimlar yapilmali ve c¢evre ile uyumlu bir yasam alani tasarlanmalidir. Merkez Ankara
Projesi 10 ana kriter ve alt kriterlerle ekolojik tasarim ilkeleri kapsaminda degerlendirilmistir. Toplu
tasima sorunu bulunmamaktadir. Icerisindeki sosyal ve ticari alanlara yiiriinebilir mesafede olmasi
sera gazi salinmmimt diiglirmektedir. Bina bi¢cim ve kabugunun yalitim performansi olumlu
degerlendirilmistir. Kompakt ve karma kullanimli bir mekansal form secilmesi alan kullanimi
agisindan olumludur.

Buna karsin;

Glines ve riizgardan maksimum fayda elde edilememesi,

Ortak alanlarin riizgar ve golgeye maruz kalmasi,

Yapilarin giines almamast,

Geri dontstiiriilebilir malzeme kullanilmamasi,

Yenilenebilir enerji kaynaklarindan faydalanilmamasi,

Suyun kazanimi i¢in bir ¢aligmanin bulunmamasi,

Bir atik yonetim sistemi olmamasi,

Yenebilir peyzaj tasarimi1 olmamasi olumsuz olarak degerlendirilmistir (Tablo 17).

Merkez Ankara Projesi segilen ve ayrintili olarak incelenen 10 ana ve alt kriterleriyle beraber
asagidaki tabloda degerlendirilmistir ( Tablo 17).

Tablo 18: Secilen Kriterler ve Degerlendirme
Maksi- | Ah- | Toplam

SECILEN mum | nan | Basar
KRITERLER Puan | Puan | Yiizdesi
Egim, Altyapi, Giinese yonlenme, Riizgar, Yakin ¢evreyle
1.Yer Se¢imi iliski, Donat1 dgeleri 6 5 83.33%
2.Enerji Etkin Bina Enerjinin korunmasi, mekanin planlanmasi, akilli cepheler,
Bi¢im ve Kabugu giin 15181, akilli sistemler, malzeme l 3 42.86%
3.Mekansal Yapinin Kentsel bigim, Etkin alan kullanimi, Yakin ¢evreyle uyum,
Ekolojik Tabanli Geri doniisiimlii malzeme kullanimi, Golge analizi, Engelsiz
Planlama ve Tasarimi tasarim 6 3 50.00%
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4. Yagmur Suyu

Kazanmmu ve Etkin Yagmur suyu kazanimi, Atik su yonetim sistemi, Binalarda

Kullanimi tasarruflu tesisat ve teghizat kullanimi 3 0 0.00%

5.Yenilenebilir Enerji Enerji tasarrufu, temiz enerji 3 1 33.33%

6.Atik Yonetim Sistemi | Atiklarin geri doniistiiriilmesi 3 0 0.00%

7.Yenebilir Peyzaj Peyzaj deseni, yenebilir peyzaj 2 0 0.00%
Ulasim tasarimi (yaya bisiklet agirlikli tasarim), otopark,

8.Siirdiiriilebilir Ulasim | toplu tasim 4 2 50.00%

9.Sosyal Tesisler Kiiltiirel sosyal tesislerin varligi 1 1 100.00%

10.Karma Gelir Grubu Farkli gelir gruplarina hitap edebilme 2 0 0.00%

Toplam 37 16 43.24%

Merkez Ankara Proje Alani secilen kriterler ve alt basliklariyla birlikte incelenmis, gerekli analizler
yapilmis ve degerlendirilmistir. Projenin degerlendirme Olgiitine gore 19 kriterden alabilecegi
maksimum puan 37 iken 16 puan almis ve %43’liik bir basar1 saglayabilmistir. %43’liikk basarty1 (16
puani) agirlikli olarak Yer Secimi (%31.25), Enerji Etkin Bina Form ve Kabugu (%31.25) ve
Mekansal Yapinin Ekolojik Tabanli Planlama ve Tasarimi1 (%18,75) kriterlerinden almistir (Tablo 18)

Tablo 19: Secilen Kriterler ve Agirlik Yiizdesi

. . Toplam Basar1 Agirhk
SECILEN KRITERLER Maximum Puan Alinan Puan | Yiizdesi Yiizdesi
1. Yer Se¢imi 6 5 83.33% 31.25%
2. Enerji Etkin Bina Bigim ve Kabugu 7 3 42.86% 18.75%
3. Mekansal Yapinin Ekolojik Tabanlt
Planlama ve Tasarimi 6 3 50.00% 18.75%
4. Yagmur Suyu Kazanimi ve Etkin
Kullanimi1 3 0 0.00% 0.00%
5. Yenilenebilir Enerji 3 1 33.33% 6.25%
6. Atik Yonetim Sistemi 3 0 0.00% 0.00%
7. Yenebilir Peyzaj 2 0 0.00% 0.00%
8. Siirdiirtilebilir Ulasim 4 2 50.00% 12.50%
9. Sosyal Tesisler 1 1 100.00% 6.25%
10. Karma Gelir Grubu 2 0 0.00% 0.00%
Toplam 37 16 43.24%

Sonug¢
Proje tanitimindaki “ugsuz bucaksiz yesil alanlar, binlerce agagla dolu yemyesil korular, masmavi

goller, dogal goletler, 151l 151l dereler ve su kanallarini kiigiik kopriilerle asan kilometrelerce uzunluga
sahip yliriiyiis kosu ve bisiklet yollar” ifadesi projenin kendisinden ziyade yakinindaki Millet
Bahgesi’nden soz etmektedir. Proje alani igerisinde koru, gdlet gibi alanlar bulunmamaktadir. Proje
alan1 igerisinde bisiklet siirmek i¢in uygun alan bulunmamaktadir. Bisiklet kullanim1 Millet Bahgesi
icerisinde Ongoriilmektedir (Proje Satis Ofisi). Bahsedilen tramvay hattinin yine Millet Bahgesi
icerisinde ¢ozlilmesi planlanmaktadir (Goriisme, Proje Satis Ofisi). Projenin tanimiyla siirdiiriilebilir
tasarim ¢oziimleri sunan ABD merkezli DDG tarafindan tasarlanan aligveris caddesinin, yapilan gdlge
analizleri sonucu neredeyse hi¢ giines almadigi ve yapi yiiksekliklerinden dolay1 riizgarli olacag:
sonucuna varilmistir. Konutlar yiiksek katli (ortalama 30-40 kat) oldugundan, agaclar binalar
giinesten koruyamamis ve riizgari yonlendirememistir. Sadece yiirilylis parkurlarinda bu kaygi
goriinmektedir. Yine bu alanda yenebilir peyzaj tasarimi alanda tercih edilmemistir. Ve alternatif
enerji kaynaklari i¢in herhangi bir sistem kurulmamistir (Proje Satig Ofisi).

Kent merkezindeki bu litks konut alanlar1 valesinden resepsiyonuna kadar ayricalikli olmaya meyilli
kentliye digerlerinden daha giivenli bir ortam sunmay1 vaat etmektedir (Yiiksek ve Akbulut, 2009).
Ancak bu tarz karma kullanimli (ofis, AVM, konut, sosyal tesis vs.) biiyiik projeler son donemde
popiilerlesse de (Sinpas Altmoran, Next Level, Mahall Ankara, Incek Life, Merkez Ankara vb.) kent
icin farkli sorunlar1 da beraberinde getirmektedir. Gilindelik hayati kolaylagtiracak birgok islevi bir
arada barindiran bu projeler Ust gelir grubu tarafindan tercih edilmekte, hem sosyal hem mekansal
ayrismay1 beraberinde getirmektedir. Bunun yaninda dikey mimari komsuluk iliskilerini ve insan
psikolojisini de olumsuz etkilemektedir. Bu projede de ortalama 30-40 kat olan yapilar duvar etkisi
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olusturmakta insan Ol¢eginden c¢ikmaktadir. Yiiksek yapilar ulasim, altyapt ve otopark gibi
yogunluklar1 beraberinde getirmekte ve yaya erisilebilirligini kisitlamaktadir. Fakat iyi tasarlanmis
mekan yaya i¢in hareket iiretir, kamusal alanlariyla sosyal iliskileri giiclendirir ve insan psikolojisini
olumlu etkiler.

Ust gelir grubunu hedefleyen bu projelerde ddenen bedeller de oldukga yiiksektir. Odenen bu bedellere
karsilik alternatif enerji cesitlerinin, atik yonetim sisteminin ve geri doniisiim uygulamalarinin,
yagmur suyunun, giines ve riizgdrdan maksimum fayda elde edilecek sekilde tasarim ve planlamanin,
yenebilir peyzaj ogelerinin ve ¢evre dostu malzemelerin dahil edilmesi uzun vadede daha ekonomik
isletim saglayacaktir. Daha saglikli ve kaynaklarimi etkin kullanan yasam alanlan igin bu kriterler
desteklenmeli, uygulama projelerinde yer almalidir.
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OZET

Bu aragtirma, Harran ovasi sulu kosullarinda ikinci {irlin olarak yetistirilen iki misir ¢esidinde farkli
azot dozlarinin tane ve hasil verimi ile bazi tarimsal karakterlere etkisini saptamak amaciyla, Harran
Universitesi Ziraat Fakiiltesi Arastirma ve Uygulama Alaminda 2003 yili ikinci iiriin yetistirme
sezonunda boliinmiis parseller deneme desenine gore li¢ tekrarlamali olarak yiiriitiilmistiir. Denemede
cesitler ana parselleri, azot dozlari ise alt parselleri olusturmustur. Arastirmada, uygulanan degisik azot
dozlariyla elde edilen degerler arasinda istatistiksel olarak onemli farkliliklar saptanmistir. Azot
dozlar1 arttik¢a tane ve hasil verimi ile incelenen biitliin 6zelliklerde artis goriilmiis, ancak belli bir
noktadan sonraki azot artiglar1 verimde Onemli azalmalara neden olmustur. Yapilan analizler
sonucunda bolge i¢in en uygun azot dozunun 25 kg/da oldugu saptanmastir.

Anahtar Kelimeler: Misir, Cesit, Azot Dozu

ABSTRACT

This research was conducted as a split plot with three replication at the trial field of Harran in 2003
second croping season. The objective of this study was to determine of grain herbage and grain yields
and some agricultural characters two maize cultuvars grown at different nitrogen levels. The cultuvars
were considered as main plots and five nitrogen doses were considered as subplots in this study. There
were statisticaly significiant differences among different nitrogen doses applications. Nitrogen doses
increased of herbage and grain yields with all of the examining caracters, but decreased yield on the
higher nitrogen doses. 25 kg/da nitrogen dose was found to be the most applicable result in reletion to
analysis.

Keywords: Maize, Cutivars, Nitrogen Level

Giris

Ulkemiz hayvancilik yoniinden biiyiik bir potansiyele sahip olmasina ragmen arzu edilen hayvansal
tiretim gerceklesememektedir. Sorun yetistiricilik yoniinden ele alindiginda, hayvanlarin yeterli
diizeyde beslenmedigi dikkati ¢ekmektedir. Bolgemizdeki hayvan varligimin kaba yem gereksinimi;
verim giicii olduk¢a diismiis ¢ayir-mera alanlar1 (Seydosoglu ve ark. 2018; Seydosoglu ve Kdokten,
2019), nadas alanlar1 ve bitkisel {iretim artiklarindan saglanmaktadir. Tarla tarimi igersinde yem
bitkileri yetistiriciligi ¢cok diisiikk diizeylerde olup ekili alanlarin sadece % 0.3’linli kapsamaktadir
(Anonymous, 1999). Hayvancilik sektoriiniin yem gereksinimini saglamak igin tarla tarimi igersinde
yem bitkileri yetistiriciligine mutlak surette agirlik verilmelidir (Kokten ve ark. 2018; Kdkten ve ark.
2019)

Bu ¢aligmanin amaci; Harran ovasi sulu kosullarinda ikinci iiriin olarak yetistirilen iki misir ¢esidinde
farkli azot dozlarinin tane ve hasil verimi ile bazi tarimsal karakterler lizerine etkilerini saptamaktir.

Materyal ve Yontem

Aragtirmada materyal olarak MAY tohumculuk firmasindan temin edilen Bora ve Sele cesitleri
kullanilmistir. Bora ¢esidi orta erkenci, ikinci iiriin tarimina uygun, beyaz somekli, taze tiiketim igin
uygun bir gesittir. Sele gesidi ikinci iiriin, silaj ve tane tiretimi i¢in uygun, orta erkenci bir gesittir.
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Deneme yeri topraklarinin ana materyali kolluviyal olup, kirmizimsi kahverengi derin toprak
ozelligindedir.Yapilan analizler sonucunda deneme yeri topraklarmmin agir biinyeli, tuzluluklar
zararsiz, hafif alkali reaksiyonda, kirecli, organik madde yoniinden fakir, fosforca yetersiz,
potasyumca zengin durumda oldugu bulunmustur (Ding ve ark., 1988).

Sanlurfa’da sicak iklim hakimdir. Akdeniz iklimi de goriilmektedir. Bolgemizdeki yiiksek sicakligin
sebebi; glineydeki ¢ol iklimi ile kuzeydeki daglarin kuzeyden gelen serin hava kitlelerinin bdlgeye
girmesine engel olmasidir. Ortalama yillik sicaklik 18.5 °C, en diisiik sicaklik —3.7 °C olarak
kaydedilmistir.

Aragtirma, 2003 yih ikinci {iriin yetistirme sezonunda Harran Universitesi Ziraat Fakiiltesi Arastirma
ve uygulama alaninda boliinmiis parseller deneme desenine gore ii¢ tekrarlamali olarak yiiriitiilmiistiir.
Aragtirmada ana parsellere c¢esitler, alt parsellere ise azot dozlar1 (0-10-20-30 ve 40 kg N/da)
yerlestirilmistir. Her bir alt parsel, 5 m uzunlugunda 6 ekim sirasindan olusmustur. Ayrica, etki
karisimin1 6nlemek igin alt parseller arasinda iki sira bogluk birakilmis (yaklasik 2.1 m) ve sedde
yapilarak sulama suyunun komsu parsellere gecisi engellenmistir. Sulama karik sulama yontemine
gore yapilmistir. Deneme alani, bugday hasat edildikten sonra aniz pulluguyla islenmis, kiiltivator ve
tapan cekilerek ekime hazir hale getirilmistir. Toprak hazirli§1 esnasinda deneme alanina dekara 10 kg
saf P205 gelecek sekilde TSP (triple siiper fosfat) giibresi uygulanmistir. Ekim markérle 70 cm
araliklarla agilmig siralara elle yapilmistir. Sira tizeri mesafe 20 cm tutulmustur. Deneme konusu azot
dozlarinin yarist ekimle birlikte, diger yarisi ise bitkiler 40 cm boylandiginda verilerek topraga
karigtirllmigtir. Azot kaynagi olarak iire giibresi kullanilmistir. Ekimden 6nce topragin 0-30; 30-60;
60-90 cm derinlikten alinan toprak orneklerinin azot rezervleri saptanmis ve verilen azot dozlarindan
bu oranlar diigtiriilmiistiir.

Aragtirmada yesil ot ve tane verimi Ozellikleri ayr1 ayr1 incelenmistir. Parsel baslarindan 0.5 m’lik
kisim ve kenarlardan birer sira kenar tesiri olarak ¢ikarildiktan sonra, geriye kalan 4 siranin, iki sirasi
hasil verimi ve unsurlari, iki sirasi ise tane verimi ve unsurlarinin gézlenmesi i¢in kullanilmistir. Hasil
icin hasat hamur olum doneminde, tane icin hasat; kavuzlar kuruyup, taneler iyice sertlestiginde
yapilmistir.

Arastirma sonunda elde edilen veriler; MSTATC paket programi kullanilarak, boliinmiis parseller
deneme desenine gore varyans analizine tabi tutulmus, ortalamalar arasindaki fark ise L.S.D (%5)’ye
gore bulunmustur.

Bulgular ve Tartisma

Bitki boyu yoniinden azot dozlar arasindaki farkin 6nemli oldugu saptanmistir. Azot dozu arttik¢a
bitki boyunun da arttig1 izlenmektedir. Ancak 30 kg/da azot dozundan sonra bitki boylarinda azalmalar
meydana gelmektedir (Cizelge 1). Bunun nedeni; bitki kok bolgesinde yiiksek dozlarda bulunan
azotun kok gelismesini engellemesi ve bunun ileriki gelisme donemlerinde su ve besin madde alimini
olumsuz yonde etkilemesinden kaynaklandigi belirtilmektedir (Fubeder ve ark., 1984). Azot
miktarinin artmastyla bitki boyunun da arttig1 bir¢ok arastiric1 (Kaplan ve ark., 1993; Sénmez ve ark.,
1995; Aydin ve Ulger, 1996; Saglamtimur ve Yilmaz, 1996; Sonmez, 2001; Serin ve Sade, 1995;
Akay ve Sari, 1998) tarafindan da kaydedilmistir.

Yesil ot verimi yoniinden cesitler ve azot dozlar1 arasindaki farkin 6nemli oldugu saptanmistir
(Cizelge 1). Yesil ot verimine ait en yiliksek degerler her iki cesitte de 30 kg/da azot dozunda elde
edilmistir.Azot dozu arttik¢a yesil ot verimi de artmaktadir. Azot bitki gelisiminde gerekli olan en
onemli bitki besin elementidir. Vejatatif gelismede biiyiik rol oynar. Nitekim Bertin ve Gallais (2000)
azot giibresi verilmeyen musir bitkilerinde, azot giibresi verilenlere gore vejatatif gelismede %14, tepe
piiskiilii olusum siirecinden sonraki gelismede %29 azalma oldugunu bildirmislerdir. Yesil ot verimine
ait bulgularimiz Simenov ve Tsankova (1992); Munasvarmyve ark., (1992); Ibrahim (1996); Tans1 ve
ark. (1996); Saglamtimur ve Yilmaz (1996) ile uyum gostermektedir.

Kuru madde verimleri azot dozu attikca artis gostermistir (Cizelge 1). En yiiksek kuru madde
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verimleri Bora ¢esidinde 20 kg/da, Sele ¢esidinde ise 30 kg/da azot dozunda elde edilmistir.

Yaprak orani yoniinden cesitler arasinda onemli farkliliklar ¢ikmistir. Cizelge 1°de izlendigi gibi
yaprak oranlar1 azot dozlarindan etkilenmemistir. Cesitler arasinda yaprak orani bakimindan fark
vardir. Bora cesidi Sel cesidinden daha fazla yaprak oranina sahiptir.Azot dozu uygulamalariyla
bitkilerdeki yaprak oraninin degismemesinin nedeni; uygulamalar sonucu bitkide kitlesel bir
biiyiimenin meydana gelmesinden kaynaklandig belirtilmektedir (Saglamtimur ve Yilmaz 1996).

Sap orani hem g¢esitlerden hem de azot dozlarindan 6nemli derecede etkilenmistir. Diisiik azot dozlari
kocan o6zelliklerine azalan yonde tesir ettiginden bitkideki sap oranini1 artmistir. Dolaysiyla diisiik azot
dozlarinda sap orami degerleri daha yiiksek ¢ikmustir. Cesit ortalamalarina gére en diisiik sap orani
Bora ¢esidinden elde edilmistir. Ayn1 ¢esidin kogan orani ortalamasi da Sele ¢esidinden daha yiiksek
cikmigtir. Sap oranlartyla kogan oranlar arasinda ters oranti oldugu gozlenmistir. Bulgularimiz
Saglamtimur ve Yilmaz (1996)’1n bulgulariyla kismen farklilik gdstermektedir.

Cizelge 1. Arastirmaya ait bazi 6zellikler

Bitki Boyu (cm)
Azot Dozu Cesitler Ortalama
SELE BORA
0 kg/da 186.57 179.00 182.78 b
10 kg/da 189.83 192.27 191.05b
20 kg/da 205.87 221.57 213.72a
30 kg/da 205.37 216.00 210.68 a
40 kg/da 186.47 174.70 180.58 b
Ortalama 194.82 196.71
Yesil Ot Verimi (kg/da)
0 kg/da 3043.47 3258.44 3150.95 b
10 kg/da 3766.47 3434.85 3600.66 b
20 kg/da 3823.53 4614.75 4219.14 a
30 kg/da 4554.31 4644.83 4599.57 a
40 kg/da 3288.95 3863.80 3576.38 b
Ortalama 3695.35 3963.34
Kuru Madde Verimi (kg/da)
0 kg/da 830.53 g 950.87 f 890.70 ¢
10 kg/da 1052.77 ef 1161.34 cd 1107.06 b
20 kg/da 1145.29 cde 1397.53 a 127141a
30 kg/da 1239.63 bc 1300.12 ab 1269.87 a
40 kg/da 1140.71 cde 1084.58 de 1112.65b
Ortalama 1081.79 1178.89
Yaprak Orani (%)
0 kg/da 20.93 26.23 23.58
10 kg/da 19.22 25.83 22.52
20 kg/da 16.35 23.96 20.16
30 kg/da 16.29 25.09 20.69
40 kg/da 19.03 27.34 23.19
Ortalama 18.36 25.69
Sap Orant (%)
0 kg/da 46.51 41.91 44.21b
10 kg/da 56.25 43.92 50.09 a
20 kg/da 49.36 36.45 42,90 b
30 kg/da 48.58 36.67 42.63 b
40 kg/da 52.09 38.46 45.28 b
Ortalama 50.56 39.48

Sap oraninda oldugu gibi, kogan agirligi yoniinden ¢esitler ve azot dozlar1 arasinda 6nemli farkliliklar
ortaya cikmig (Cizelge 1), azot dozlan arasinda ii¢ farkli grup olusmustur (Cizelge 1). Cesit
ortalamalar1 bakimindan Bora ¢esidi Sele ¢esidinden daha yiiksek kocan oranina sahiptir. Elde edilen
kocan oranlar1 azot dozu uygulamalarina paralel bir degisim gostermemistir. Bu durum azot dozu
uygulamalariyla bitkilerde kitlesel artisin meydana gelmesinden kaynaklanmaktadir (Saglamtimur ve
Yilmaz, 1996).
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Cizelge 2. Arastirmada incelenen bazi 6zellikler

Kocan Orant (%)

Azot Dozu Cesitler Ortalama
SELE BORA
0 kg/da 33.36 31.55 3246 b
10 kg/da 24.66 30.24 27.45¢
20 kg/da 34.13 39.53 36.83a
30 kg/da 35.07 38.62 36.85a
40 kg/da 28.83 34.17 31.50 b
Ortalama 31.21 34.82
Kocan Yiiksekligi (cm)

0 kg/da 75.97 de 74.20e 75.08 bc
10 kg/da 75.50 de 75.50 de 75.50 b
20 kg/da 87.23 bc 94.50 ab 90.87 a
30 kg/da 85.57 hed 98.33 a 91.95 a
40 kg/da 77.57 cde 5743 f 67.50 ¢
Ortalama 80.37 79.99

Koc¢an Boyu (mm)
0 kg/da 18.37 cd 18.07d 18.22 ¢
10 kg/da 18.87 cd 18.63 cd 18.75¢
20 kg/da 20.70b 24.27a 22.48a
30 kg/da 21.60b 25.10a 23.35a
40 kg/da 19.90 bc 20.70 b 20.30b
Ortalama 19.89 21.35

Kogan Agirhigi (g)
0 kg/da 174.70 199.80 187.25¢
10 kg/da 243.60 266.70 255.15b
20 kg/da 269.95 305.47 287.71a
30 kg/da 283.74 298.73 29124 a
40 kg/da 258.93 274.37 266.65 b
Ortalama 246.18 269.01

Tane Verimi (kg/da)

0 kg/da 605.57 569.62 587.60 c
10 kg/da 982.04 996.51 989.28 b
20 kg/da 1067.52 1194.74 1131.13a
30 kg/da 1113.40 1160.91 1137.15a
40 kg/da 1006.72 1071.87 1039.30 b
Ortalama 955.05 998.73

Kogan yiiksekligine ait verilerde bitki boyuna benzer sekilde degisim gostermistir (Cizelge 2). Azot
dozu arttik¢a kogan yiiksekligi de artmistir. Nitekim Aydin ve Ulger (1996) azot dozu arttik¢a kogan
yiiksekliginin de arttigini bildirmektedir.

Kocan boyu ¢esit ve azot dozlarindan énemli derecede etkilenmis, ayrica g¢esitlerin kogan boylar1 azot
dozlariyla farklilik gostermistir (Cizelge 2.). Azot dozu arttikca kocan boyu da artmistir. Ancak 20
kg/da azot dozundan sonraki artiglar Gnemli olmayip 30 kg/da azot dozundan sonra azalmalar meydana
gelmistir. En uzun koganlar Bora ¢esidinden elde edilmistir.

Kocan agirligina ait degerler g¢esit ve azot dozlarindan 6nemli diizeyde etkilenmistir. Azot dozu
arttikga kogan agirligi da artmistir. Ancak, 20 ve 30 kg N/da azot dozlarindan sonraki azot dozundaki
artig kocan agirhiginda diisiislere neden olmustur. Bulgularimiz; Karim et al. (1985), Parasad ve Sighn
(1990) ile Dede (2001)’nin sonuglartyla uyum gostermektedir.

Azot dozu arttikga tane verimi de artmistir. Ancak cesitler icin farkli olmakla birlikte belli bir
noktadan sonraki artiglarin verimde diisiislere neden oldugu bulunmustur.

Sonug¢

Harran Ovasi sulu kosullarinda ikinci iiriin olarak yetistirilen iki misir ¢esidinde farkli azot dozlarinin
tane ve hasil verimi ile bazi tarimsal karakterlere olan etkilerini saptamak amaciyla yapilan bu ¢aligma
sonucunda ; bolge icin en uygun azot dozunun 25 kg/da oldugu tespit edilmistir. Daha yiiksek
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oranlarda uygulanan azotlu giibrenin verimde onemli diisiislere neden oldugu saptanmustir. Ayrica
yliksek dozlarda kullanilan giibrelerin ¢evre kirlenmesine ve dolaysiyla insan ve hayvan sagligi
acisindan biiyiik bir tehdit olusturdugu ve tireticiye biiyiik maddi yiik getirdigi bilinmektedir.

Bu nedenle; bitkisel tiretimin temel hedefi olan maksimum gelire ulagilabilmek i¢in verimliligi arttirict
uygulamalarin dogru kullanilmas1 gerekmektedir.
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Bu calisma, ilk yazarin yiiksek lisans tezinden iiretilmistir.
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OZET

Kiiresellesmenin etkisiyle kentler hizli bir biiyiimeye ve tek tiplesmeye dogru gitmektedir. Bu hizlh
biiylimenin ve homojenlesmenin paralelinde kentler hizla tiiketmeye ve kendi kendine yetmemeye
baslamistir. Kentlerin bu hiza ayak uydurmasi kentte yasayan insanlarin aligkanliklarini da
degistirmeye baslamigtir. 1986 yilinda, Roma’da bir “Fast Food” diikkani agilis1 esnasinda Carlo
Petrini Onderligindeki grup tarafindan gergeklestirilen protesto ile bu hizli yasama dair ilk tepki
verilmis olup, sonrasinda 1989 yilinda, italya’nin Barolo kentinde Yavas Beslenme Birligi
kurulmustur. Ardindan hareket biiyiiyerek kentsel bir boyut almis ve hizli yagama karsi 1999 yilinda
Italya’da Greve in Chianti’nin eski belediye baskani Paolo Saturnini’nin &nderliginde “Cittaslow”
(Yavas Sehir) Hareketi kurulmustur. Sehirlerin yerel degerlerini koruyarak ve siirdiirerek yasam
kalitesini arttirmay1 hedefleyen bu hareket, 2019 yili Haziran ay1 itibariyla 30 iilkede 252 {iiyeye
ulasmistir. Izmir’e bagl Seferihisar Ilgesi de, 2009 yilinda, Tiirkiye’nin ilk Yavas Sehir unvanina
sahip olmaya hak kazanmistir. Giiniimiizde Tirkiye’den bu birlige katilan 17 adet sehir
bulunmaktadir. Bu sehirlerin yani sira birlige katilarak siirdiiriilebilir yerel gelismeyi on plana
¢ikarmak isteyen ve adaylik bagvurusunda bulunan birgok sehir de vardir. Bu ¢alismada, bu birlige
katilmak i¢in adaylik basvurusunda bulunan, Ankara’nin Giidiil Ilgesi’nin Yavas Sehir Tiiziigii’'nde yer
alan 72 adet kriter ¢ercevesinde basvuru dosyasinin incelenmesi, mevcut durumunun belirlenerek
sehrin adayliga uygunlugunun degerlendirilmesi ile Yavas Sehir Birligi’ne iiyelik i¢in yapilmasi
gereken adimlarin tespit edilmesi amaglanmistir. Bu kapsamda, adaylik siirecinde Giidiil’de yapilan ve
yapilmasi planlanan projeler irdelenmis, bu projelerin kente kattig1 deger belirlenmis ve Giidiil’iin
hangi kriterleri sagladig: tespit edilmistir. Sonu¢ kisminda ise, Basta Giidiil olmak iizere benzeri aday
sehirlere yonelik stratejiler belirlenmistir.

Anahtar Kelimeler: Yavas Sehir, Siirdiiriilebilirlik, Yerel Gelisme, Giidiil — Ankara.

ABSTRACT

With the effect of globalization, cities are moving towards rapid growth and homogenization. In
parallel with this rapid growth and homogenization, cities have become a center of consumption. This
situation started to change the habits of the people living in the city. In 1986, the protest by the group
led by Carlo Petrini during the opening of a Fast Food shop in Rome was the first reaction to this rapid
life. In 1989, “Slow Food Association” was established in Barolo, Italy. After that, the movement has
taken an urban dimension by growing, and in 1999, the “Cittaslow” was founded in Italy under the
leadership of Paolo Saturnini, past Mayor of Greve in Chianti. This movement, which aims to increase
the quality of life by preserving and maintaining the local values of the cities, has reached 252
members in 30 countries in 2019. In 2009, Seferihisar in Izmir, became Turkey's first Cittaslow title.
Today, there are 17 cities participating in the Cittaslow. In addition to these cities, there are also cities
that apply for candidacy to join this union. This study deals with the Giidiil District of Ankara, which
applied for the candidacy to join Cittaslow. The application of Giidiil's candidacy has been examined
within the framework of 72 criteria in the Cittaslow Regulation. Giidiil's current status was determined
and the suitability of the city for the candidacy was evaluated. It is aimed to determine the steps to be
taken for membership of the Cittaslow Association. In this context, the projects carried out and
planned to be done in Giidiil during the candidacy process were examined and the value that these

WWW. EUROASIAjOURNAL.ORG Volume (7), Year (2019) Page 100


mailto:aliburakaslan@gmail.com
mailto:ozgeyal@gmail.com

EUROASIA JOURNAL OF MATHEMATICS-ENGINEERING NATURAL & MEDICAL SCIENCES
InTerneTional INdexed & Refereed

projects added to the city was determined. In the conclusion part, Strategies for similar candidate cities
such as Giidiil have been determined.

Keywords: Cittaslow, Sustainability, Local Development, Giidiil — Ankara.

1. GIRIS

Italya’da, “Fast Food” Kkiiltiiriine tepki olarak ortaya c¢ikan “Slow Food” (Yavas Beslenme)
hareketinin devami olan “Cittaslow” (Yavas Sehir) hareketi, 1999’dan itibaren kabul gdrmiistiir.
Amaci yasanabilir sehirler yaratarak, buradaki yasam kalitesini artirmak olan bu hareket, sehirlerin
gercek kimliklerini kazanmasi, markalagmasi ve yerel gelismede avantajli duruma gelmesinde biiyiik
bir 6nem arz etmektedir. Siirdiiriilebilir yerel gelisme akimi olarak benimsenen Yavas Sehir
kiiresellesmenin ortaya cikardigi homojen mekanlardan biri olmak istemeyen, yerel kimligini ve
ozelliklerini koruyarak diinya sahnesinde yer almak isteyen, kasabalarin ve sehirlerin katildigi bir
harekettir (http://www.cittaslow.org). Bu hareket, tarihsel 6geleri ve kentsel dokuyu korumayzi,
alternatif ve yenilenebilir enerji kaynaklar1 kullanmay1, yerel tiretimi desteklemeyi, yerel kaynaklarin
kullanimini tesvik etmeyi, sehrin kimligine sahip ¢ikmay1, daha yasanabilir ve siirdiiriilebilir sehirler
tasarlamay1 amaclamaktadir (Hekimci, 2014; Ozmen ve digerleri, 2016). Mayer ve Knox (2006) ise
yavasg sehirleri, yerel yoneticilerin ve halkin tarihi 6nemsedikleri, daha iyi ve siirdiiriilebilir bir gelisme
icin yerel kaynaklarin kullanildig1 bir hareket olarak gormektedir. Yavas Sehir, sehre ait mirasi
korumak, geri doniisiimle birlikte ¢cevre dostu projeler tiretmek, kadinlarin iiretime katilimini saglamak
ve yerel degerleri canlandirmak; kisacasi siirdiiriilebilir bir sehir yasamini savunmak amaciyla
sehirlerin bir araya geldigi bir harekettir (Zogal ve Arslan, 2018). Birlige katilan sehirler, sehrin
kimligini yansitan, dokusunu ortaya ¢ikaran faaliyetleri desteklemekte; sehrin ana 6zelligi olan yoresel
mutfak ve yerel folkloru 6n plana ¢ikarmaktadir. Mekani sosyal olarak yeniden inga eden ve bunu
sehrin yeniden tasarimiyla gerceklestirmeyi hedefleyen Yavas Sehir, sakinlerini geleneksel mirasla
bulusturmay1 amaglamaktadir. Bu sayede, yerel halkin ihtiyaclarmin dikkate alinmadigi giiniimiiz
sehirlerinde, farkli yaklasimi ile kendine bir yer edinmeyi 6ngormektedir (Kavas, 2012).

Yavas Sehir hareketi, Tiirkiye’de de sehirlerin siirdiiriilebilir yerel gelisme akimini benimsemeleri ve
fark yaratmalar i¢in yeni yollar bulmalarina rehberlik etmektedir. Bu kapsamda, 2019 yil itibariyle
Tiirkiye’den 17 adet sehir bu birlige katilmaya hak kazanmis olup, bu sehirlerin yani sira birlige
katilmak i¢in adaylik bagvurusunda bulunan birgok sehir de bulunmaktadir. Bu calismada; Yavas
Sehir Birligi’ne adaylik basvurusunda bulunan, Ankara’nin Giidiil ilgesinin Yavas Sehir Tiiziigii’'nde
yer alan 72 adet kriter ger¢evesinde uygunlugunun degerlendirilmesi, bagvuru dosyasinin incelenmesi,
mevcut durumunun belirlenmesi ve Yavag Sehir Birligi’ne iiyelik i¢in yapilmasi gerekenlerin tespit
edilmesi amaclanmistir. Bu amag dogrultusunda Giidiil ilgesindeki yerel yoneticilerle, kamu kurum ve
kuruluslan yetkilileri ile miilakat yontemi kullanilarak gerekli bilgiler temin edilmeye ¢alisilmistir. Bu
gorlismelerin sonucunda elde edilen bilgiler dogrultusunda adaylik siirecinde olan Giidiil’in Yavas
Sehir Birligine katilma potansiyeline iliskin degerlendirmeler literatiir caligmasi ile iliskilendirilerek
ortaya konulmustur. Sonug¢ olarak, Yavas Sehir Tiiziigii’'nde yer alan g¢evre politikalari, altyapi
politikalari, kentsel yasam kalitesi politikalari, tarimsal, turistik, esnaf ve sanatkarlara dair politikalar,
misafirperverlik, farkindalik ve egitim icin planlar, ortakliklar ve sosyal uyum bagliklar altinda yer
alan 72 adet kriter iizerinden Giidil’tin hangi kriterleri saglayip saglayamadigi belirlenmis, Giidiil ve
benzeri aday olabilecek kentlere yonelik stratejilerin siralanmasi hedeflenmistir.

Bu kapsamda, ilk olarak yavas sehir birligi hakkinda genel bilgiler verilip, birlige katilacak sehirlerin
hangi Gzelliklere sahip olmasi gerektigi, aday kentlerin basvuru siiregleri ve kriterler, Yavas Sehir
birliginin tarihsel siirecinden bahsedildikten sonra ¢alismanin yontemi, ¢aligma alan1 Giidiil hakkinda
genel bilgiler anlatilacaktir. Daha sonra adaylik siirecinde Giidiil’de yapilan ve yapilmasi planlanan
projeler irdelenerek, Yavas Sehir Birligine katilma potansiyeli degerlendirilecektir. Sonu¢ kisminda,
Gudiul’de yapilanlara iliskin bulgulara ve bundan sonra birlige katilmayi diisiinen sehirler igin
oOnerilere yer verilecektir.
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2. YAVAS SEHIR BIiRLiIGI’NIN TARIHSEL GELIiSiMi, AMACI, CALISMA SEKLi VE
KRITERLERI

Kelime kdkeni italyanca "Citta" ve Ingilizce "Slow" kelimelerinin birlesmesiyle tiiretilen “Cittaslow”,
"Yavas Sehir" anlaminda kullanilmaktadir. Anlamini, “festina lente” yani “yavasca acele etmek”
seklindeki Latince bir deyim olan ifadeden almistir (Sezgin ve Uniivar, 2010). Yavas Sehir kavraminin
cikis noktasi ise Yavas Beslenme’dir. 1986 yilinda Roma’nin simgesel meydanlarindan birisi olan
Ispanyol Merdivenlerinde (Piazza di Spagna) yapilan McDonalds agilis1 esnasinda Carlo Petrini
onderligindeki grup tarafindan gerceklestirilen protesto ilk kivilcim olmustur. Protestocular yeni agilan
bu mekanin hem meydanin estetigini bozdugunu hem de italyan yemek kiiltiiriine ve beslenme
aliskanligia uymadigim savunmuslardir (Unal, 2016). Siradan bir protestonun Stesine gecerek, Mc
Donalds’in yapmadig1 her seyi yapma ve gergeklestirme iddiasinda bulunmuslardir. Protestonun
ardindan Italya’nin Barolo kentinde Yavas Beslenme Birligi olusturuldu. 9 Kasim 1989°da kurucu iiye
Falco Portinari’nin kaleme aldig1 bildiri, Paris’te 15 iiye iilke tarafindan onaylanarak hayata gecirilmis
ve Venedik’te 1990 yilinda ilk uluslararasi kongresini gerceklestirmistir (Sirim, 2012; Zogal ve
Arslan, 2018).

1999 yilinda ise italya’da Greve in Chianti'nin eski belediye bagkan1 Paolo Saturnini'nin ¢agristyla bir
araya gelen 30 kentin yaymladigi ilk bildirgeyle Yavas Sehir kavrami cercevesinde bir ag
olusturulmustur. Yavas Sehir hareketi, kiiresellesmenin ortaya ¢ikardigi homojen mekanlardan biri
olmak istemeyen, yerel kimligini ve Ozelliklerini koruyarak diinya sahnesinde yer almak isteyen
kasabalarin ve sehirlerin katildig1 bir birlik olarak ortaya ¢ikmustir. ilk yillarinda Italya’da genisleyen
Yavas Sehir Birligi 2019 yil1 Haziran ayi itibariyle 30 iilkede toplam 252 kente yayilmigtir. 84 sehir ile
Birligin kurulus yeri olan Italya en fazla yavas sehre sahiptir. Iitalya’nin ardindan Avrupa iilkeleri olan
Polonya 30 sehirle, Almanya 20 sehirle ve Tiirkiye 17 sehirle siralanmaktadir. Avrupa kitast diginda
yer alan ilkelerde Giiney Kore’den 16 sehir ve Cin’den 12 sehir bu unvana sahiptir
(http://www.cittaslow.org). izmir’in Seferihisar Ilgesi Tiirkiye’den birlige katilan ilk sehirdir. 2009
yilinda birlige katilan Seferihisar ile birlikte son katilan sehir Ahlat (Bitlis), Akyaka (Mugla), Egirdir
(Isparta), Gerze (Sinop), Gokgeada (Canakkale), Goyniik (Bolu), Halfeti (Sanlurfa), Koycegiz
(Mugla), Mudurnu (Bolu), Persembe (Ordu), Savsat (Artvin), Tarakli (Sakarya), Uzundere (Erzurum),
Vize (Kirklareli), Yalvag (Ordu) ve Yenipazar (Aydin) Tiirkiye’den Yavag Sehir unvanina sahiptir.

Kasim 1999'da Orvieto'da hazirlanan sozlesmeye gore Yavas Sehir kriterleri 7 baslik altinda toplanmig
olup, 31’1 zorunlu olmak lizere toplam 72 kriterden olusmaktadir. Bunlar, “gevre politikalari”, “altyapi
politikalar1”, “kentsel yasam kalitesi politikalar1”, “tarimsal, turistik, esnaf ve sanatkéarlara dair

politikalar”, “misafirperverlik, farkindalik ve egitim i¢in planlar”, “ortakliklar” ve “sosyal uyum”dur
(http://www.cittaslow.org).

Yavag Sehir Birligine katilmak i¢in aday kentin niifusunun 50.000’nin altinda olmasi zorunludur. Bu
kosul saglandiktan sonra yapilmasi gereken, Uluslararas1 Yavas Sehir Baskanligi’na hitaben kentin
birlige iiyeligini aciklayan bir bagvuru mektubunun sunulmasi olacaktir (Sezgin ve Uniivar, 2010).
Bagvuru mektubuyla ilgili incelemelerin ardindan degerlendirme sonucu, gerekgeleriyle birlikte sehre
bildirilir. Olumlu olmasi1 durumunda, Yavas Sehir Koordinasyonu sehre adaylik degerlendirme
ziyaretinde bulunur ve rapor diizenler. Bu raporun da olumlu olmasi durumunda, aday kent ilan edilir.
Adaylik siirecinde, Yavag Sehir Koordinasyonu tarafindan hazirlanan kentin, kriterlere iliskin
eksikliklerini belirten hazirlik raporundaki eksiklikleri gidermesi beklenir. Bu kapsamda, aday kent
birlige katilim igin kriterleri gerceklestirmek iizere projeler iiretir ve uygular. Uyeligin gerceklesmesi
i¢in, bu projelerden olusan basvuru dosyasinin degerlendirilmesi sonucunda 50 ve ilizerinde puan
almas1 gerekmektedir. Kriterler perspektif ve zorunlu kriterlerden olusmaktadir. Perspektif kriterler,
gergeklestirilmeleri durumunda, yer aldiklari kriter bagliklarinda %15 oraninda puan artisi
saglamaktadir. Kriterler puanlanirken, kriter kapsaminda yapilan caligmalarin seviyesi de dikkate
almmaktadir. Birlige katilmak tlizere basvuran sehir, gerekli kriterler saglanmasi durumunda, bir
sertifika ile  birlikte 'Salyangoz  Bayrag’' dalgalandirma  hakkin1  elde  etmektedir
(https://cittaslowturkiye.org).
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3. YONTEM

Calisma, nitel bir alan arastirmasi oldugundan yontem olarak goriisme tekniginden faydalanilmistir.
Gudil Belediyesi adina Yavas Sehir Bagvuru Dosyasini hazirlayan Educa Life Egitim, Danigmanlik
Proje Ltd. Sti. firma yetkilisi Vahide AKDEMIR ile yar1 yapilandirilmis soru formu iizerinden goriisii
almmistir. Goriisme formu, 24 adet yar1 yapilandirilmis acik uglu sorudan olugsmaktadir. Calisma
hakkinda goriisme yapilacak diger kurum ve kuruluglarin yetkilileri hususunda Giidiil Belediyesi
Yavas Sehir danisman1 Vahide AKDEMIR’e damsilmis olup; bu kapsamda, Giidiil’iin Yavas Sehir
unvani alabilme potansiyeli, Giidiill Kaymakami, Giidiil flce Tarim ve Orman Miidiirii, TOSYOV
(Tiirkiye Kiiciik ve Orta Olgekli Isletmeler Serbest Meslek Mensuplari ve Yoneticiler Vakfi) Yonetim
Kurulu Bagkani basta olmak tizere Giidiil Kaymakamligi, Giidiil Belediye Baskanligi, Giidiil Halk
Egitim Merkezi ve Giidiil Tarim ve Orman Miidiirliigii calisanlar ile 2019 yili Mayis ayinda yapilan
gorliismeler sonucunda degerlendirilmistir. Ayrica Giidiil Belediyesi tarafindan Ocak 2019’da
hazirlanan “Yavas Sehir Bagvuru Dosyasi” incelenmis olup; elde edilen veriler, alanda 2019 yili
Mayis ayi igerisinde yapilan gdzlem ve incelemelerle birlikte yorumlanmaistir.

4. GUDUL’DE YAPILAN CALISMALAR VE GUDUL’UN YAVAS SEHIR KRITERLERI
CERCEVESINDE DEGERLENDIRILMESI

1 Eyliil 1957 tarihinde 7030 sayili Kanun ile ilge olan Giidiil, Ankara‘nin 90 km. kuzeybatisinda yer
almakta olup; komsular1 Ayas’a 32 km. Beypazari’na 33 km. Camlidere ve Kizilcahamam’a ise 60’ar
km. mesafededir. Kentin yiiz6l¢iimii 419 km? olup, niifusu 10.074 kisidir. Arazi yapisi oldukca daglik
olan ilceden Sakarya Nehri'nin kollar1 Kirmir, Suvari ve ilhan Caylar1 gegmektedir. Gudil’in tarihi
M.O. 3.000 — 3.500 yillarma kadar uzanmakta olup, Kirmir Cay1 vadisinin Inzii mevkiinde kayalara
oyulmus magaralarinsa Hitit Uygarligina ait oldugu sanilmaktadir
(http://www.ankarakulturturizm.gov.tr). Bu magaralar ile birlikte Sorgun Yaylasi civarindaki orman
alan1 ve Sorgun Golet’i de ilgenin dogal zenginliklerinden olup, turist ¢cekme noktalar1 arasinda yer
almaktadir (http://www.ankara.gov.tr/gudul).
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Sekil 1: Calisma alaninin konumu (https://www.turkiye-rehberi. net/ankara haritasi.asp)

Bunlara ek olarak, tarim Giidiil i¢in en 6nemli ekonomik ge¢im kaynagi olup; domates, hiinnap, alig,
lizlim, kiraz, havug gibi birgok meyve ve sebze Giidiil’de yetismektedir. Gudiil ile Yesiloz arasindaki
alanda yaklasik 450 tiir bulunmakta olup, bitkilerin %8’ endemik bitki kategorisindedir. ilcede yaygimn
ve dogal olarak yetigen iivez, diinyadaki 5 endemik ¢esitten birisidir (http://www.ankara.gov.tr/gudul).
Gerek turizm gerekse tarim potansiyeli dikkate alindiginda Giidiil, “Tarimsal, Turistik, Esnaf ve
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Sanatkarlara Dair Politikalar” bagligi altinda yer alan kriterleri yerine getirmek i¢in Snemli bir
potansiyele sahiptir.

o

¢
. o
IndniiiMagaralan &

Sekil 2: a) Uydu goriintiisii (Google Maps, 2019) b) Giidiil arazi kullammmi (Gazi Universitesi-
Sehir ve Bolge Planlama Béliimii 2.simif sehircilik projesi)

Tiirkiye genelinde sayilar1 ¢gok azalmig olmasina ragmen Giidiil ilgesinde “tiftik kegisi” varligi halen
onemli miktarlardadir. Yaklasik 68.500 adet keci bulunmaktadir. Ankara’da tiftik kegisinin en fazla
iiretildigi yer Giidiil’diir. Ankara Ilindeki iiretimin % 25°i Giidiil’den saglanmaktadir (Giidiil Ilge
Tarim ve Orman Mudirligi, 2019).

Gudiil, Ankara Kiiltiir ve Tabiat Varliklarin1t Koruma Kurulu’nun 27.06.1996 tarih ve 4705 sayili
karar1 ile kentsel sit alan1 ilan edilmistir. Ilge genelinde 58 adet tescilli yapt bulunmaktadir. Kentsel sit
alani icerisinde ise 3 adet cami ve 2 adet tarihi ¢cesme bulunmaktadir (Giidiil Yavas Sehir Bagvuru
Dosyast, 2019: 26).

olisturan evier Glidufin ki
SoRaRarinda sizleri nostaljik bife -
Birbirine bitisik.

Kirmir Cay1 Vadisinde yer alan magaralarin ve kaya yazitlarinin bulundugu bolge, Ankara Kiiltiir ve
Tabiat Varliklarin1 Koruma Kurulu tarafindan Bizans Dénemine ait yer alti sehri oldugu diisiiniilerek
1. derece arkeolojik ve dogal sit alami olarak tescillenmistir (Giidiil Yavas Sehir Bagvuru Dosyasi,
2019:21).
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Sekil 4: a) Kirmir Cayl Vadisinde y alan magralar b) Anadolu Medeniyetleri Miizesi tarafindan
yapilan Tarihi Roma Hamam1’nin bulundugu bolgedeki kazi ¢alismalar1 (Giidiil Yavas Sehir Bagvuru

Dosyasi, 2019: 21).

Gudil’tin Caga Beldesinde, Tarihi Roma Hamami’nin yer aldigi bdlgede, Anadolu Medeniyetleri
Miizesi tarafindan 2003 yilinda kazi ¢alismalart baglatilmigtir. 400 m? alanda devam eden ¢aligmalar
sonucunda ise Roma Ddneminde piskoposluk merkezi oldugu bilinen Kayip Antik Kent Mnizos’a ait
bina bulunmustur (Giidiil Yavas Sehir Bagvuru Dosyasi, 2019: 20).

Yukarida bahsedilen 6zelliklerden de anlasilacagi iizere, Yavas Sehir Birligi’ne adaylik bagvurusunda
bulunan Giidiil, 10.074 kisi olan niifusuyla, tarihsel siire¢ icerisinde bircok medeniyete ev sahipligi
yapmasiyla, tarihi magaralar1 ve yaylalar1 ile turist ¢ekim destinasyonlarina sahip olmastyla,
siirdiiriilebilir tarim {irlinleri yetistirmesiyle Yavas Sehir unvanini alabilmek igin Onemli bir
potansiyele sahiptir. Bu dogrultuda, Gudiil’tin Yavas Sehir Birligine tiyelik siirecinde hangi kriterleri
saglayip hangilerini saglayamadigi Gudiil’deki yerel yoéneticilerle, kamu kurum ve kuruluslar
yetkilileri ile hazirlanan goriisme formlar1 iizerinden degerlendirilmistir. Ayrica Giidiil Belediyesi
tarafindan Ocak 2019’da hazirlanan “Yavas Sehir Bagvuru Dosyas1” da incelenmis olup; elde edilen
veriler, alanda yapilan gozlem ve incelemelerle birlestirilerek Giidiil’iin Yavas Sehir potansiyeli
belirlenmeye ¢alisilmistir. Tiim bu veriler sonucunda Yavas Sehir Tiiziigii’'nde yer alan kriterler tam
(+), yarim (+) veya eksik (-) olarak degerlendirilmis ve tablolar olusturulmustur. Tablolarda yer alan
kriterlerin sonunda bulunan asteriks (*) isareti o kriterin zorunlu kriter oldugunu, iki asteriks (**) ise
perspektifi kriterleri gostermektedir. Buna ek olarak, Yavas Sehir kriterleri ile dogrudan veya dolayl
olarak iliskili Giidiil’de yapilan veya yapilmasi planlanan projeler kriter bagliklarn altinda
degerlendirilmistir.

4.1. Cevre Politikalar1 Kapsaminda Yapilanlarin Degerlendirilmesi

Bu baglik altinda, Ankara’nin ilk uygulama O&rnegi olan, istenildigi zaman modiiler sekilde
biiyiiltiilebilecek igme suyu deposu yapilmistir. Tiim okul ve kamu kurumlarina Giidiil Belediyesi
tarafindan geri doniigiim ve atik pil toplama kutulari (Sekil 5.b) yerlestirilmistir. Kanalizasyon
altyapisi bulunmayan Yesiloz, Emirler, Caga ve Giineyce mabhallelerinin kanalizasyon altyapi
caligmalarina 2018 tarihinde baslanildig: bilgisi Giidiil Belediyesi ¢alisanlarinca belirtilmistir. Giidiil
sinirlart igerisinde kalan 750 doniim alanda jeotermal enerji kullanilarak “Organize Sera Bolgesi”
yapilmasi planlanmaktadir. Bu sayede yenilenebilir jeotermal enerji kaynaklarindan seralarin 1sinmasi
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icin enerji tiretimi gergeklestirilebilecektir (Educa Life Egitim, Danigmanlik Proje Ltd. Sti., 2019).
Saha calismalar sirasinda ilge merkezinde ki halk pazari yerine, i¢inde pazar yerini de kapsayacak ¢ok
amacl bina (Sekil 6.a) yapildigi, ¢ars1 i¢i yol zeminlerinin ve kaldirimlarin sokiilerek yerine Arnavut
tast (Sekil 6.b) dosendigi gozlemlenmistir. Belediye yetkilileri Giidiil Cevre Yolu projesiyle
sehirlerarasi ulasim yolunun sehir merkezinden ¢ikarilacagini sdylemislerdir.

Sekil 5: a) Garipge Mahallesindeki igme suyu deposu b) Giidiil Belediyesi tarafindan dagitilan atik pil
toplama kutular1 (Giidiil Yavas Sehir Bagvuru Dosyasi, 2019: 5).

Sekil 6: a) Cok amagli bina insaati, b) Carsi i¢i yol zeminleri ve kaldirimlar sokiilerek yerine Arnavut
tas1 doseme calismalari

Cevre politikalar1 baghig altinda yer alan 12 kriterden 7 tanesinin (1, 2, 7, 8, 10, 11 ve 12. kriterler)
yerine getirildigi; 4 adet (4, 5, 6 ve 9. kriterler) kriterin kismen saglanabildigi tespit edilmistir.
Gidil’de kanalizasyon altyapist bulunmayan hi¢bir mahallenin kalmamis olmasi, geri doniisiim
kapsaminda kent sakinlerinin bilinglendirilmesi, yenilebilir enerji kaynaklarmin kullanimina yénelik
uygulamalara gidilmesi adaylik siirecinin kente kazandirdigi 6nemli bagliklardir.

Tablo 1: Cevre Politikalar1 Kapsaminda Incelenmesi.
1. Cevre Politikalar1 Degerlendirme
1.1. Hava temizliginin yasa tarafindan belirtilen parametrelerde oldugunun belgelenmesi * +
1.2. Su temizliginin yasa tarafindan belirtilen parametrelerde oldugunun belgelenmesi *
1.3. Halkin igme suyu tiiketiminin ulusal ortalamayla karsilagtiriimasi
1.4. Kentsel kat1 atiklarin ayristirilarak toplanmasi *

1.5. Endiistriyel ve evsel kompostlamanin desteklenmesi

+

1.6. Kentsel ya da toplu kanalizasyon i¢in atik su aritma tesisinin bulunmasi *
1.7. Binalarda ve kamu kullanim alanlarinda enerji tasarrufu

1.8. Kamunun yenilebilir enerji kaynaklarindan enerji iiretimi

1.9. Gorsel kirliligin ve trafik giiriiltiisiiniin azaltilmasi

1.10. Kamusal 151k kirliliginin azaltilmasi1 *

1.11. Hane basina diigsen elektrik enerjisi tiikketimi

1.12. Biyogesitliligin korunmast

Not: Tablolarda yer alan kriterlerin sonunda bulunan asteriks (*¥) isareti o kriterin zorunlu kriter
oldugunu, iki asteriks (**) ise perspektifi kriterleri gostermektedir.

+(+[(+|H+[+| HHBRH'
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4.2. Altyap: Politikalar1 Kapsaminda Yapilanlarin Degerlendirilmesi
Mevcutta Giidiil’de bisiklet yolu bulunmamaktadir. Bunu ¢6zmek i¢in Giidiil Cevre Yolu Projesinin
yaninda 40 km. bisiklet yolunun projelendirildigi; proje dahilinde bisiklet park yerlerinin de
planlanmistir (Educa Life Egitim, Danigsmanlik Proje Ltd. Sti., 2019). Ayrica, halk ve esnaf tarafindan
doga dostu mini elektrikli bisiklet kullanimi flge genelinde baslatilmstir.

Ankara Kalkinma Ajansi 2015 yilinda “Toplumsal Birliktelik” Projesi kapsaminda secilmis ve siddet
gormiis 32 kadina psiko-sosyal destek vermistir. 2018 yili icinde Giidiil Kaymakamlig1 tarafindan
“Yash Bakim Projesi” baglatilmis olup, proje kapsaminda yaslilara yonelik ev temizligi hizmeti
verilmektedir (Gldiil Yavas Sehir Bagvuru Dosyasi, 2019: 16).

Bu baslik altinda yer alan toplam 9 kriterden ¢ogunun (1, 2, 3, 4 ve 8. kriterler) Giidiil tarafindan
saglanamadigl tespit edilmistir. 7 baslhk altinda en ¢ok eksikligin bulundugu baslik altyap:
politikalaridir. Adaylik siireci ile bu eksik olan kriterlerin tamamlanmasina yonelik gercekei ve ciddi
adimlarm olabildigince erken atilmasi gerekmektedir. Ozelikle bisiklet kullanimina yonelik
politikalarin hayata gegirilmesi kentin siirdiiriilebilir ve ¢evreci bir ulasim politikasi yaklagimi i¢in de
onemli bir adim olacaktir.

Tablo 2: Altyap: Politikalar: Kapsaminda Incelenmesi.
2. Altyapi Politikalar1 Degerlendirme
2.1. Kamu binalarina bagli verimli bisiklet yollar1 -

2.2. Mevcut bisiklet yollarinin ara¢ yollariyla kilometre {izerinden karsilastirilmasi *
2.3. Metro ve otobiis duraklari gibi aktarma merkezlerinde bisiklet park yerleri
2.4. Ozel tagit kullammina alternatif olarak eko ulagim planlanmas *

2.5. Engellilere yonelik mimari engellerin kaldirilmasi * 1
2.6. Aile hayat1 ve hamile kadinlar i¢in girisimler * L
2.7. Saglik hizmetlerine onaylanmis ulasilabilirlik +
2.8. Kent merkezlerinde mallarin siirdiiriilebilir dagitimi

2.9. Sehir disinda ¢alisan sehir sakinlerinin oran1 * +

4.3. Kentsel Yasam Kalitesi Politikalar1 Kapsaminda Yapilanlarin Degerlendirilmesi

Bu baglik altinda yer alan politikalar kapsaminda Belediye yetkilileri ile yapilan goriismeler
sonucunda, ilcede restorasyonu tamamlanmis 130’a yakin yapimin bulundugu; 360 adet yapinin ise
restore edilme siirecinde oldugu; sit alan1 disinda kalan Tarihi Merkez Cars1 Cami restorasyonuna
baslanildigi; ayrica, merkezdeki tiim binalarin birbiriyle uyumlu olmasi amaciyla yeni yapilacak
binalara kahverengi ve beyaz boya kullanilma zorunlulugunun getirildigi belirtilmistir.

Yerel halkla yapilan goriismelerde, Giidiil’de 1990’11 yillarda ellinin iizerinde leblebi iiretimi yapan
imalathane bulunmasina ragmen, giiniimiizde birka¢ tane imalathanenin kaldig1 belirtilmistir. Bunlarin
korunmasi ve devaminin saglanmasi igin Giidiil Belediyesi bu imalathanelerin bulundugu sokagin
adimt Giidiil Belediyesince “Leblebiciler Sokagi” (Sekil 7.b) olarak degistirilmistir. Ayrica, Giidiil
Kent Miizesi (Sekil 7.a) hizmete agilmistir.

Sekil 7: a) Giidiil Kent Miizesi b) Leblebiciler Sokagi
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3. baslik altinda yer alan meyve agaglar1 kullanilarak sosyal yesil alanlarin olusturulmasi kapsaminda;
ilge genelinde 500 adet thlamur ile 5.000 adet hiinnap fidani, 20.000 adet ¢am agac1 ve 55.000 adet
akasya agacinin dikimi gergeklestirilmistir. 3. Baglik altindaki zorunlu kriterlerden olan “Yerel
iiriinlerin ticarilesmesi icin alanlarin yaratilmasi” igin yerel iirtinlerin tanitildig1 http://gudulticari.net/
isimli web sitesi kurulmustur (Giidiil Yavas Sehir Bagvuru Dosyasi, 2019: 33).

Sonug olarak bu baslik altinda kriterlerin ¢oguyla ilgili plan ve projeler gelistirildigi, baslik altinda yer
alan 17 kriterden sadece 2 tanesi (13 ve 17. kriterler) i¢in herhangi bir projenin bulunmadig:
anlasilmaktadir. Ozellikle kentte yer alan bir cok tescilli yapmin restorasyon islemlerinin
tamamlanmasi veya devam ediyor olmasi, yerel atolyelerin ve zanaatkarlarin korunmasi ve dogal/yerel
iiriin iiretiminin tesvik edilmesi kentin yerel ekonomik gelisimi a¢isindan ciddi adimlardir.

Tablo 3: Kentsel Yasam Kalitesi Politikalar1 Kapsaminda incelenmesi.

3. Kentsel Yasam Kalitesi Politikalari Degerlendirme
3.1. Kentin direnci i¢in planlama ** L
3.2. Kente ait degerlerin iyilestirilmesi, kent merkezlerinin ve kamu binalarinin degerlerinin 1

arttirilmasi icin programlar *

3.3. Verimli bitkiler ve meyve agaclar1 kullanilarak sosyal yesil alanlarin iyilestirilmesi ve/veya
olusturulmasi **

3.4. Kentsel yasanabilirligin arttirilmasi

3.5. Marjinal alanlarin tekrar degerlendirilip kullanilmas: *

3.6. Vatandaglara ve turistlere yonelik interaktif hizmetlerin gelistirilmesinde bilgi ve iletisim
teknolojilerinden faydalanilmasi *

3.7. Siirdiirtilebilir mimari i¢in hizmet masasi olugturulmasi *

3.8. Kentin internet agina sahip olmasi *

+IHH F[+|H +

3.9. Kirleticilerin izlenmesi ve azaltilmasi *

3.10. Tele caligmanin gelistirilmesi

3.11. Kisisel siirdiiriilebilir kentsel planlanmanin tegviki

+|

3.12. Sosyal altyapiy1 desteklemek

3.13. Kamusal siirdiiriilebilir kentsel planlamanin tegviki * -

+

3.14. Kent i¢indeki kullanigh yesil alanlarin verimli bitkiler ile degerlendirilmesi **

3.15. Yerel iiriinlerin ticarilesmesi i¢in alanlarin yaratilmasi * +

3.16. Atolyelerin korunmasi ve degerlerinin arttirilmasi — dogal/yerel aligveris merkezlerinin
yaratilmasi *

3.17. Yesil alanlarda kullanilan beton miktar1 -

4.4. Tarimsal, Turistik, Esnaf ve Sanatkérlara Dair Politikalar Kapsaminda Yapilanlarin
Degerlendirilmesi

T.C. Tiirk Patent ve Marka Kurumundan giivey cicegi, sibit, domates fidesi ve keyman tiriinlerinin
marka tescillerinin alindigi, yeni marka tescili ile cografi isaret bagvurularinin yapilmaya devam
edildigi belirtilmistir (Educa Life Egitim, Damsmanlik Proje Ltd. Sti., 2019). flge Tarim Miidiirii
Giidil’de tiretimi son yillarda artan hiinnap meyvesinin, Tarim ve Kirsal Kalkinmayi Destekleme
Kurumu tarafindan hibe verilen endemik bitkiler arasina alindigini sdylemistir. Ayrica 2018 yilinda,
Gidil’de 24 ciftgiye Permakiiltiir ve Agroekoloji Egitimi yapilmistir. Bu konuyla ilgili ¢alismalarda
bulunan, Tahtacidrencik Kdyiinde, 2013 yilinda “Ddért Mevsim Ekolojik Yasam Dernegi” ismiyle
kurulan dernek, kiigiik 6l¢ekte dogal tarim ve hayvancilik yapilmasim tesvik etmekte ve koyliyle
birlikte iiretim yapmaktadir. Dernek, Giidiil’de ki koyleri dolasarak yerel tohumlari bulmus ve
depolamis olup, daha sonra ulusal ve uluslararasi tohum takas senliklerine katilmistir. Zorunlu
kriterlerden biri olan “Etiketli veya markali esnaf/sanatkér iiriinlerinin korunmas1” amaciyla Giidiil
flce Merkezinde geleneksel bigak iiretimi yapmakta olan atdlye desteklenmektedir (Giidiil Yavas Sehir
Bagvuru Dosyasi, 2019: 38-46).

Saha c¢alismas1 yapilan donemde, yerel iiriinlerin iiretilmesi ve pazarlanmasi amaciyla flge kadinlarinin
potansiyelinden yararlanmak i¢in “Kadinlar Kooperatifi” kurulma asamasindadir. Giidil Halk Egitim
Merkezi Miidiirii ilge kadinlarina yonelik “kooperatifcilik ve girisimcilik”, “saglikli gida hazirlama ve
hijyen” egitimleri ile “as¢ilik ve as¢1 yardimeiligr” ve “mutfak igi yiyecek iiretimi konusunda isbasi
egitimi” kurslarinin verildigini belirtmistir. Ayrica, kadinlar i¢in, Suzeni ve oyaya yonelik iiretim
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amaglh kurslar (Sekil 8.a) acildigini; iiretilen iiriinlerin hepsine, yoreye 6zgii 100 yili agkin siiredir
evlerde kullanilan bir motif olan “Giidiil Gozi” dikildigini belirtmistir.

Sekil 8: a) Giidiil gozii damgali bez torbalar (htt.p:/iquulhglkeqitim.meb.klZ.tr/tema/index.php) b)
Giidiil Belediyesi tarafindan isletilen “Gtidiil Sofrast Yoresel Uriinler Mutfag1”

“Kamuya ait restoranlarda (okul kantinleri, as evleri vb.) yerel, miimkiinse organik Triinlerin
kullanilmas1” zorunlu kriteri kapsaminda ilge merkezinde yer alan tarihi binalardan biri restore
edilerek, Gudiil Belediyesi tarafindan isletilen, yoresel yemeklerin yapildigr ve organik iiriinlerin
kullanildig1 “Giidiil Sofras1 Yéresel Uriinler Mutfagr” (Sekil 8.b) olarak lokantaya cevrilmistir. Okul
kantinlerinde, yatili okullarin yemekhanelerinde benzer uygulamalara gidildigi Belediye ¢alisanlarinca
belirtilmistir.

Sekil 9: Sorgun Yaylasi ve teneke evler (Giidiil Yavas Sehir Bagvuru Dosyast, 2019: 7) '

Guldil’tn zorunlu kriterler igerisinde yerine ivedilikle getirmesi gereken husus otel kapasitelerinin
arttirllmasidir. Saha c¢aligmasi sathasinda mevcutta tamamlanmis herhangi bir konaklama biriminin
bulunmadig tespit edilmistir. Miilkiyeti Belediyeye ait olan Trikolarin Konaginin restore edilerek otel
olarak hizmet acilmasiyla ilgili girisimlerin heniiz sonuclanmadigi Belediye yetkililerince
belirtilmigtir. Sorgun Tabiat Parki igerisinde yer alan bina, 5 odali pansiyon seklinde restore
edilmektedir. Ayrica, Belediye Sorgun Yaylasi’'nda bulunan yayla (teneke) evlerinin pansiyona
doniistliriilmesini planlamaktadir.

Bu baglik altinda yer alan kriterlerin yarisinin tam olarak saglandigi (2, 3, 5, 7 ve 9. kriterler) tespit
edilmistir. Ozelikle tarimda GDO kullaniminin yasaklanmasi, ata tohumlarmin kullaniminin ve
organik tarima yonelik uygulamalarin tegvik edilmesi adaylik siirecinde kentin tarimsal faaliyetlerinin
saglikli bir ¢ergevede yapilmasina yonelik ciddi katki saglamistir. Zorunlu kriterlerden biri olan otel
kapasitelerinin arttirilmast konusu Giidiil’iin en biiyiik eksikliklerinin baginda gelmektedir. Bunun
¢cozlimiine yonelik gercekei projelerin ivedilikle hayata gegirilmesi gerekmektedir.
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Tablo 4: Tarimsal, Turistik, Esnaf ve Sanatkarlara Dair Politikalar Kapsaminda incelenmesi.

4. Tarimsal, Turistik, Esnaf ve Sanatkarlara Dair Politikalar Degerlendirme
4.1. Agroekolojinin gelistirilmesi ** L

4.2. El yapimu ve etiketli veya markali esnaf/sanatkar iiriinlerinin korunmasi * +

4.3. Geleneksel is tekniklerinin ve zanaatlarin degerinin arttirilmasi * +

4.4. Kirsal bolgede yasayanlarin hizmetlere erisimini arttirarak kirsal bolgelerin degerini L
arttirmak *

4.5. Kamuya ait restoranlarda (okul kantinleri, as evleri vb.) yerel, miimkiinse organik tiriinlerin
kullanilmasi *

4.6. Kisisel kullanimda ve yemek sektoriinde tat egitimlerinin verilmesi ve miimkiinse organik L
yerel iiriinlerin kullanilmasinin tegvik edilmesi *

4.7. Yerel ve geleneksel kiiltiirel etkinliklerin korunmasi ve degerlerinin arttirilmasi * +

4.8. Otel kapasitelerin arttirilmasi *
4.9. Tarimda GDO kullaniminin yasaklanmasi +
4.10. Onceden tarim igin kullanilmis alanlarmn kullanimi hakkindaki imar planlari igin yeni
fikirlerin varlig1

4.5. Misafirperverlik, Farkindahk ve Egitim icin Planlar Kapsaminda Yapilanlarin
Degerlendirilmesi

Bu baglik altinda dncelikle halkin Yavas Sehir felsefesini kavramasina yonelik ¢alismalarin yapildigi

yapilan goriismelerde anlagilmaktadir. Basta bu felsefeye karci ¢gikan yerel halkin goriislerinin yapilan

egitimler, yavas sehir unvanina sahip diger kentlere yapilan teknik geziler ile degistigi halkla yapilan

goriismelerden fark edilmistir.

Ayrica, 33 esnafa, 24 muhtara, 16 kamu calisganina ve 15 Ogretmene ‘“Halkla Mliskiler, Kaliteli
Agirlama ve Misafirperverlik, Turizm Isletmelerinde iletisim” konularini iceren dorder saatlik Yavas
Sehir egitimleri verildigi; Giidiil’de ikamet edenlere yonelik Yavas Sehir ile ilgili olarak 90 kiginin
katildigr anket yapildigi; farkindalik saglanmasi agisindan kent sakinlerinin, resmi kurum ve
kuruluslarin, sivil toplum kuruluglarinin = ve esnaflarin; brogiirler ve yeni kurulan
“http://www.sakinsehirgudul.net” web sitesi ile bilgilendirilmeye ¢alisildig1 belirtilmistir (Educa Life
Egitim, Danigmanlik Proje Ltd. $ti. 2019).

Sekil 10: Yavas Sehir Tanitim Egitimleri (Gudil Yavas Sehir Bagvuru Dosyast, 2019: 50-51).

Bu basghk altinda yer alan kriterlerin tamamiyla ilgili plan ve projenin bulundugu; tiim kamu
calisanlarinin, dernek ve vakiflarin, kent sakinlerinin ve esnafin Yavas Sehir hakkinda brosiirler,
toplantilar ve egitimler ile bilgilendirilip farkindaliklarinin arttirildig tespit edilmistir.
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Tablo 5: Misafirperverlik, Farkindalik ve Egitim i¢in Planlar Kapsaminda Incelenmesi.
5. Misafirperverlik, Farkindalik ve Egitim I¢in Planlar Degerlendirme
5.1. Iyi karsilama *

5.2. Esnafin ve operatdrlerin farkindaliklarini arttirmak *

5.3. Yavas giizergahlarin mevcut olmasi

5.4. Onemli yonetimsel kararlara tabandan tavana katilim siirecini saglayacak aktif tekniklerin
benimsenmesi

5.5. Egitimciler, yoneticiler ve ¢alisanlarin Cittaslow temalar1 hakkinda siirekli egitim gérmesi **

5.6. Saglik egitimleri

5.7. Yore halkna Cittaslow’un anlami hakkinda sistematik ve kalici egitim vermek *

5.8. Cittaslow iizerine yerel yonetim ile ¢alisan derneklerin aktif varligi

5.9. Cittaslow kampanyalariin desteklenmesi *

H+[+[+[+|H +|HHH

5.10. Cittaslow logosunun internet sayfasinda ve antetli kagit iizerinde kullanimi *

4.6. Sosyal Uyum Kapsaminda Yapilanlarin Degerlendirilmesi

Sosyal uyum baghigi altinda yer alan 1. ve 2. kriterlerdeki azinlik ve farkli etnik kokene sahip
insanlarla ilgili kentte bir ayrimecilik olmadigi yerel halk ile yapilan goriismeler sonucunda
anlagilmistir. Genglere yonelik olarak hazirlanan proje igerisinde futbol ve basketbol sahalari, kosu
yolu ve genglik merkezi gibi alanlar bulunmaktadir. Cocuk bakimimin desteklenmesi konusunda ise
yapimina baslanilan, Ankara ilinde 6rnek bir uygulama olan kres ve anaokulu kompleksinde ¢ocuk el
sanatlar at6lyesi ve mini sera yapimi da diigiiniilmektedir (Giidiil Yavas Sehir Bagvuru Dosyasi, 2019:
22).

Sonug olarak bu aslik altinda yer alan 11 kriterden 6 tanesinin (1, 2, 4, 8, 9 ve 11. kriterler) eksiksiz
yerine getirildigi; 2 kriterle (5. ve 10. kriterler) ilgili herhangi bir girisimde bulunmadig: tespit
edilmistir.

Tablo 6: Sosyal Uyum Kapsaminda incelenmesi.
6. Sosyal Uyum Degerlendirme
6.1. Azinliklara yonelik ayrimciliga karsi ¢aligmalar +

6.2. Farkli etnik kokene sahip insanlarin ayn1 mahallede yasamasi

6.3. Engelli kisilerin entegrasyonu

+ | |+

6.4. Cocuk bakiminin desteklenmesi

6.5. Geng neslin istihdam durumu

6.6. Yoksulluk

6.7. Toplumsal ortakliklar/sivil toplum kuruluslarin mevcudiyeti

6.8. Farkli kiiltiirlerin entegrasyonu

+ |+ | H H

6.9. Politikaya katilim

6.10. Belediyenin kamu konut yatirimi -

+

6.11. Genglik faaliyetlerinin yiiriitiildiigii bir alanlarin ve bir genclik merkezinin mevcudiyeti

4.7. Ortakliklar Kapsaminda Yapilanlarin Degerlendirilmesi

Educa Life Egitim, Danismanlik Proje Ltd. Sti. firma yetkilisinden alinan bilgilerde; bu baslik altinda
yer alan kriterler i¢in yavas sehir ve yavas beslenme tanitiminin yayginlastirilmasi amaciyla brostirler
hazirlanarak ilgedeki tiim resmi kurum, kurulus, sivil toplum kuruluslari, esnaf ve halka dagitildigi ve
Yavas Sehir tanitimi i¢in kurulan web sayfasinda yavas beslenme aktiviteleri ile kampanyalar
yaymlandigi belirtilmistir.

Tablo 7: Ortakliklar Kapsaminda Incelenmesi.

7. Ortakhklar Degerlendirme
7.1. Slowfood aktiviteleri ve kampanyalar1 i¢in destek +
7.2. Dogal ve geleneksel yiyecekleri Slowfood veya diger kurumlar ile desteklemek L

7.3. Eslestirme projelerini desteklemek ve gelismekte olan iilkelerin Cittaslow ve Slowfood
felsefelerinin yayilmasini da saglayacak sekilde gelismeleri i¢in isbirligi yapmak
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5. SONUC VE ONERILER
Yukaridaki tablolarda ve basliklar altinda sunulan calismalar, Giidiil’de Yavas Sehir kriterleri
kapsaminda bir¢ok projenin hayata gecirildigini ya da planlandigimi gostermektedir. Yavas Sehir
Birligine katilabilmek i¢in yerine getirilmesi gereken kriterlere goére hazirlanan goriigme formlarindan
elde edilen sonuglar ile Giidiil Yavas Sehir Bagvuru Dosyasi iizerinden yapilan incelemeler basliklar
halinde degerlendirilmis, bu degerlendirmeler arazi gozlem ve incelemelerimizle birlestirilerek
Gudil’iin Yavas Sehir potansiyeli belirlenmeye calisilmistir. Yavas Sehir Tiiziigii’'nde yer alan 72 adet
kriterden 32 tanesinin Giidiil’de gerceklestirildigi ya da projelendirilip yapim asamasinda oldugu, 26
tane kriterle ilgili girisimlerin ve projelerin bulunmasina ragmen bazi eksikliklerin bulundugu, 14 tane
kriterin ise higbir sekilde saglanamadigi tespit edilmistir. 31 adet zorunlu kriterden ise 14 tanesinin
eksiksiz olarak gerceklestirildigi, 13 tanesinde kismi eksikliklerin oldugu ve 4 adet zorunlu Kkriterin ise
eksik oldugu belirlenmistir. Eksik olan bu zorunlu kriterler;

v' Bisiklet yollar1 ve bisiklet park yerlerine yonelik ¢aligmalarin yapilmasi,

v' Ogzel tasit kullanimina alternatif olarak eko ulagim planlanmasi,

v' Kamusal siirdiiriilebilir kentsel planlamanin tesviki (Pasif ev vb.),

v’ Otel kapasitesinin arttirilmasidir.

Uye olmak igin kriterler iizerinden 50 puan ve iizerini almak yeterlidir. Bu nedenle, 6ncelikli olarak
Tiiziik’te yer alan zorunlu kriterlere yonelik adimlar atilmasi adayligin olumlu sonuglanmasi i¢in daha
uygun olacaktir. Bu kapsamda, proje olarak ongoriilen bisiklet yollarinin ve bisiklet park yerlerinin
tamamlanmasi, Cevre Yoluna yapilmasi planlanan bisiklet yolunun sehir merkezine devam ettirilerek
yeni projeler ile bisiklet kullaniminin tesvik edilmesi ve otel kapasitesinin arttirilmasina yonelik yeni
kararlar alinmasi dncelikli olarak ele alinmalidir. Bu eksikliklerin tamamlanmasi durumunda Giidiil’iin
Yavag Sehir olabilmesi igin diger kriterlerle ilgili yapilan ¢aligmalarin yeterli olacagi diisiiniilmektedir.
Gudil’iin, tim kamu ve 6zel kurum ve kuruluslari ile en 6nemlisi de halki ile Yavas Sehir adayligin
benimsedigi ve sahiplendigi goriilmektedir. Ozellikle Yavas Sehir adayligindan &énce, arka planda
kalan bolge kadinlariin, kurulan kooperatif biinyesinde sehrin iiretimine ve istihdama katilarak,
Yavas Sehir hareketini benimsemesi dnemli bir adimdir. Bu sahiplenme, sadece adayligin kabulii i¢in
degil siirdiiriilebilir bir yerel gelisim i¢inde en 6nemli husus olarak degerlendirilmektedir.

Bu kapsamda, basta Giidiil olmak iizere aday sehirler ile adayliga bagvurmay1 diisiinen sehirler igin
Yavag Sehir Birligine katilm i¢in zorunlu tutulan kriterler, sehirlerin kentsel planlamada
yararlanabilecegi bir rehber olarak ele alabilir. S6z konusu kriterler, yerel ve organik iiriin iiretimini
tesvik ederek yerel ekonomiyi canlandirmaktadir. Ayrica, eko-turizm agisindan yerel gelismeye
katkilar sagladig1 iiye sehirlerin turizm agisindan gosterdikleri gelisimlerden anlagilmaktadir. Olumlu
ozelliklerinin yani sira, Yavag Sehir Birliginin olumsuz 6zellikleri de bulunmaktadir. Yavas Sehir
projelerine yerel halkin katilimmin az olmasi durumunda yapilan yatirnmlarin bosa harcanmasi
olusabilecek sorunlarin en basinda sayilabilir. Giidiil 6rneginde oldugu gibi Yavas Sehrin tiim kent
sakinlerince benimsenmesi basarili bir adaylik siireci i¢in en basta gelmektedir. Ayrica, Yavas Sehir
adayliginin siirdiiriilebilir olmasi igin belli bir siire¢ i¢ine yayilarak tamamlanmasi gerekmektedir.
Acele atilacak adimlar Birligin amacinin digina ¢ikmaktir. Bu konu Giidiil iginde kritik bir husustur.

Sonug olarak, Yavas Sehir kriterlerini uygulayan kentlerin, adaylik siirecinde dahi ulusal ve
uluslararasi diizeyde bir cazibe merkezi haline geldigi ve adaylik isleminin tamamlanmasinda sonra
“Salyangoz Bayrag1” ile taninirhiginin arttigi anlagilmaktadir. Yavas Sehir agina katilmak isteyen
sehirlerin yoneticilerinin oncelikli olarak bu cazibeye kapilarak hareket etmek yerine, birligin amacini
ve felsefesini kavrayarak siirece dahil olmasi en Onemli husustur. Ardindan halkin katiliminin
saglanmasi i¢in gerekli adimlar atilmalidir. Yavas Sehir Hareketi’nin basarili bir siirdiiriilebilir yerel
gelisme saglamasi i¢in halkin katilimi ve sahiplenmesi zaruridir. Yavas Sehir Birligine katilmak i¢in
hazirlanan plan ve projeler hakkinda acele karar verilmemesi ve kaynaklarin bilingli bir sekilde
yonetilmesi bir baska 6nemli husustur. Uye olmak igin kriterler {izerinden 50 puan ve iizerini almak
yeterlidir. Bu nedenle, oncelikli olarak Tiiziik’te yer alan zorunlu kriterlere yonelik adimlar atilmasi
adayligin olumlu sonuglanmasi i¢in daha uygun olacaktir. Son olarak, Yavas Sehir Birligi’nin
oncelikli amacinin yerel ekonomik kalkinmadan &nce yerelin korunmasi ve siirdiiriilebilirliginin
saglanmasi oldugu hi¢bir agamada unutulmamalidir.
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ABSTRACT

This study was conducted to determine yield and yield components of common vetch (Vicia sativa L.)
varieties grown in semi-arid ecological conditions in southeastern Turkey. Field experiment was
established at Ceylanpinar district in Sanliurfa province, and carried out in winter season of 2014-
2015. Experimental layout was a complete randomized block design with three replications.
Registered 11 common vetch varieties were used in the experiment. All traits investigated, except for
pod numbers per plant, were significantly (P<0.05) different among the varieties. The results indicated
that plant height ranged from 77.47-91.77 cm, fresh forage yield from 1749-2701 kg da, dry forage
yield from 408.1-643.6 kg da, crude protein ratio from 16.46-24.22%, pod numbers per plant from
17.50-21.70 pods, seed numbers per pod from 6.57-5.43, seed yield from 130.2-186.7 kg da, 1000-
seed weight from 45.77-63.20 g. Green forage yield, dry forage yield and seed yield characteristics,
which are the most important traits for common vetch, of Urkmez variety was superior compared to
the other 10 common vetch varieties. However, the results revealed that Ozveren variety came to the
fore in terms of plant height and 1000-seed weight in Ceylanpinar ecological conditions.

Keywords: Common vetch, fresh forage yield, dry forage yield, seed yield, crude protein ratio

1. INTRODUCTION

Vetch (Vicia sativa L.) is an annual legume forage crop that is cultivated in plant-animal production
systems to obtained green or dry hay and grain; thus, is widely used for feeding the livestock in many
parts of the world (Ramos et al., 2000; A¢ikg6z, 2001; Cabellero et al., 2001; Chowdhurry et al., 2001;
Han, 2010). Vetch is of great importance in providing quality forage and concentrated feed required by
animal husbandry in Southeast Anatolia Region of Turkey (Tosun, 1974). The vetch has about 150
species in the world and the most widely cultivated species is common vetch (Vicia sativa L.).
Climbing growth nature and high protein content of common vetch are the main reasons why many
farmers extensively prefer vetch in intercropping with cereals (Dhima et al., 2007).

Various studies have been conducted to investigate the yield and yield components of the common
vetch, an annual legume forage crop. Seydosoglu (2014) reported that the plant height of common
vetch was between 33.9 and 62.6 cm, green hay yield was between 1522.0 and 3232.3 kg da%, dry hay
yield between 308.0 and 919.5 kg da* and seed yield 92.2 and 293.7 kg da™. Kékten et al. (2018)
reported that the average plant height, green hay yield and dry hay yield of bitter vetch, which is an
annual legume forage crop was 31.1 cm, 412.8 kg da* and 95.7 kg da*. Similarly, Kokten et al. (2019)
reported that the average crude protein content in bitter vetch genotypes was 7.3%.

Most of the pastures in Southeastern Anatolia region are included in the weak pasture class
(Seydosoglu ve ark. 2018; Seydosoglu ve Kdkten, 2019), reported that forage crops are important.

This study was carried out to investigate the production potential and yield components of some
commercial common vetch varieties breed in recent years in Ceylanpinar district of Sanliurfa
province, Turkey.
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2. MATERIAL AND METHODS

This research was conducted in a farmer field located at Yiiksektepe village of Ceylanpinar district,
Sanliurfa province in 2014-2015 production season. The registered Alper, Cumhuriyet-99, Selguk-99,
Ozveren, Urkmez, Yiicel, Gérkem, Albayrak, Doruk, Bakir-2001 and Almoglu-2001 common vetch
varieties were used as materials.

Soil samples were collected from 0-30 cm depth of the plots to determine some chemical
characteristics of the experimental field. The analysis of soils revealed that soil in the experimental
field was very calcareous (12.31%), high in available potassium (316 kg ha?), low in organic matter
(1.49%) and very low in plant-available phosphorus (50.4 kg ha) (Ulgen and Yurtseven, 1995).

Total annual rainfall during vegetation period of common vetch was slightly higher than the average
for long-term. Meteorological data indicated a very high rainfall (100.8 mm) in February 2015. The
average monthly temperature and relative humidity during the vegetation period were close to the
average for long term (Table 1). Precipitations in April and May, which were flowering and broad
bean periods were 24.3 and 10.3 kg m?, respectively. Precipitation during this period was not
adequate, therefore plants were irrigated twice at field capacity with a sprinkler system.

Table 1. Meteorological data of the experiment site during experiment and long-term (Anonymous,

2018)

Time Average temperature (°C) Relative humidity (%) Precipitation (mm)
November 2014 121 53.9 78.6
November Long-Term 12.8 59.9 44.2
December 2014 9.5 79.4 55.4
December Long-Term 75 69.9 78.7
January 2015 6.2 65.6 82.5
January Long-Term 5.6 70.3 84.8
February 2015 7.6 74.3 100.8
February Long-Term 7.0 66.9 71.0
March 2015 11.7 58.9 79.0
Long-Term 10.9 60.4 66.1
April 2015 15.7 49.7 24.3
March Long-Term 16.2 56.2 49.2
May 2015 228 38.0 10.3
May Long-Term 22.1 44.9 29.1
June 2015 27.7 35.3 0.7
June Long-Term 28.1 32.8 4.0
3. METHODS

The experiment was established in the last week of December. The experimental was laid out
according to a randomized block design with 3 replications. Each plot consisted of 6 rows with 8 m
length and 20 cm interrow spacing. The amount of seed used for each variety was determined by
considering 1000-grain weights (8-10 kg da™). The plot size was 1.2mx8m = 9.6 m? and treatments
were separated by 1 m buffer zone from each other. The first and the last rows of each plot and the
first and last 50 cm of each row were not included in the harvest and observations to eliminate the side
effect. Half of each plot (2 rows) was harvested for observations on hay yield and the other half (2
rows) was harvested for observations on seed yield. Basal fertilizer as 30 kg pure nitrogen per hectare
and 60 kg pure phosphorus per hectare was applied at seed sowing (Cil et al., 2004; Yiicel et al.,
2008). During the growing period of vetch, irrigation (twice), hoeing and other necessary maintenance
operations were performed. Green hay was harvested at 50% flowering stage and the grain harvest was
performed by hand at the full ripening stage when the lower pods become brown color (Sahar, 2006).

Plant length was determined by the average of the distance between the soil surface and the last bud of
10 plants randomly selected from each plot. The average values were recorded by counting the number
of pods and number of seeds per 10 plants selected from each plot. The yield of green hay harvested
from each plot was determined by weighing the weights of green hay at field conditions. The yield
values determined per plot were converted to yield per decare. A portion of (0.5 kg) green hay
harvested from each plot was dried in an oven at 70 °C for 48 hours (Anonymous, 2016). The dried
hay samples were weighed and dry hay yields of different vetch varieties were determined. The dried
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hay yield values determined per plot were converted to yield per decare. Plant samples taken from dry
hay were ground in a mill with a sieve diameter of 1 mm and used for analysis. The raw ash content of
the feeds was determined by burning hays in an ash oven at 550 OC for 8 hours. The Kjeldahl method
was used to determine the nitrogen (N) content of the samples. The crude protein ratio was calculated
by multiplying the N ratio by 6.25 (AOAC, 1990).

4. STATISTICAL ANALYSIS

The differences in properties investigated among the vetch varieties were assessed by one-way
analysis of variance (ANOVA). Treatment means of varieties were separated by using the least
significant test (LSD) at P<0.05 level of confidence. All statistical analyses were carried out using the
SPSS 20.0 software.
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Figure 1. The study area Ceylanpinar district of Sanliurfa (in Turkey)

5. RESULTS AND DISCUSSION

The differences in plant size, yields of green hay, dry hay and seed were statistically significant among
vetch varieties (Table 2). Mean plant height varied between 77.47 cm and 91.77 cm. The lowest plant
height was recorded in Alinoglu-2001 variety, whereas the difference in plant height among the rest of
10 vetch varieties was not statistically significant.

Table 2. Some characteristics of the varieties examined in the experiment

. Plant height Green hay Dry Hay yield Seed yield
Varieties (cm) yield (kg dat) (kg dah) (kg da®)
Alper 84.53ab® 1987.0b-e 506.32bc 184.45a
Cumhuriyet -99 91.70a 2298.0a-c 515.03b 172.78ab
Selguk-99 84.57ab 1855.3c-e 408.07d 144.22hc
Ozveren 91.77a 2457.67ab 499.29hc 184.11a
Albayrak 84.53ab 2054.00b-e 463.53b-d 175.33ab
Gorkem 79.63ab 2124.67b-e 472.20b-d 136.33ab
Alinoglu-2001 77.47b 1749.00e 422.60cd 130.22¢
Doruk 83.83ab 1805.00de 454.53b-d 176.89ab
Urkmez 89.60a 2701.00a 643.56a 186.67a
Bakir-2001 83.93ab 2196.00b-e 516.65b 172.33ab
Yiicel 89.60a 2294.67a-d 503.62bc 181.56a
Mean 85.56 2138.39 491.40 167.71
LSD 8.23** 491.22** 84.94** 14.18**

& Different letters in a column indicate significant differences (P<0.05) among vetch varieties, **
Significant at P<0.01.

The mean green hay yield ranged between 1749.00 and 2701.00 kg da. The highest green hay yield
(2701.00 kg da?') was obtained with Urkmez variety, however, the difference between Urkmez,
Ozveren, Cumhuriyet-99 and Yucel varieties were not statistically significant. The lowest green hay
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yield was recorded in Alinoglu-2001 variety. The mean yields of common vetch varieties ranged from
408.07 to 643.56 kg da™. The highest hay yield was obtained from Urkmez cultivar while the lowest
hay yield was recorded in Sel¢uk-99 cultivar (Table 2). The mean grain yield of the varieties ranged
from 130.22 kg da? to 186.67 kg da*’. Urkmez, Alper, Cumhuriyet, Ozveren, Albayrak, Doruk,
Copper and Yucel varieties had higher grain yield compared to the grain yields of other varieties. The
grain yields of Gorkem and Alinoglu-2001 varieties were lower than the other varieties (Table 2).

Crude protein ratio and the number of seeds per pod among common vetch varieties were significantly
different, however, the difference in the number of pods per plant among vetch varieties was
statistically insignificant. The mean crude protein ratio ranged from 16.46 to 24.22%. The highest
protein ratio among the common vetch varieties was obtained in Albayrak cultivar with 24.22%, while
the lowest protein ratio was recorded in Cumhuriyet-99 cultivar with 16.46% (Table 3).

The mean number of seeds per pod among common vetch varieties ranged from 5.43 to 6.57. Yiicel,
Ozveren and Cumbhuriyet -99 varieties were included in a group with the highest number seeds per pod
while the lowest number of seeds per pod was recorded in Albayrak variety. Several studies have been
conducted to investigate the characteristics of common vetch and other legume forage crops and
reports have been published. Seydosoglu et al. (2015) conducted a study on grasspea (Lathyrus sativus
L.) varieties and reported that plant height varied between 39.25 and 59.17 cm, green hay vyield was
between 1379.50 and 3154.17 kg da’, hay yield was between 330.67 and 767.38 kg da* and seed yield
was between 181.00 and 269.83 kg da™.

Table 3. Some characteristics of the varieties examined in the experiment

Varieties Cru_de protein Number of_ seed Number of pods
ratio (%) per pod (piece) per plant (piece)

Alper 19.42c 5.53de 19.6

Cumhuriyet -99 16.46d 6.20a-c 20.1

Selguk-99 20.07bc 5.57de 21.3

Ozveren 20.14bc 6.43ab 20.8

Albayrak 24.22a 5.43e 21.7

Gorkem 21.68b 6.00b-d 20.3

Alinoglu-2001 16.58d 5.83c-e 20.8

Doruk 20.63bc 5.77c-e 19.1

Urkmez 20.13hc 5.63de 217

Bakir-2001 19.89bhc 5.90c-e 21.2

Yiicel 19.71c 6.57a 17.5

Mean 19.90 5.90 20.4

LSD 1.84** 0.53 Non-significant

& Different letters in a column indicate significant differences (P<0.05) among vetch varieties, **
Significant at P<0.01.

Albayrak et al. (2005) reported that the average seed yield of some common vetch genotypes was
122.3 kg da-1 and the number of seeds per pod was 6.17. Kaplan (2013) found that ADF ratio in some
common vetch genotypes ranging between 26.28 and 45.43%, NDF rate was between 32.32 and
49.56%, green hay yield was between 1212.1 to 4386.0 kg da, dry hay yield was between 213.7 to
709.6 kg da* and crude protein ratio was between 17.21 and 24.76%. Yiicel et al. (2012) reported that
crude protein ratio of vetch genotypes grown under different ecologies varied between 14.68 and
24.60%.

The results obtained in this study show similarities and differences with the findings of the
aforementioned studies. Dhima et al. (2007) indicated that types of cultivars, seeding ratio and many
other factors significant impact on growth and performances of crops grown in a region. The
differences in finding can be attributed to the materials used in experiments, sowing times and
ecological conditions of the experimental sites.
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6. CONCLUSION

Yield and yield characteristics of some common vetch (Vicia sativa L.) varieties grown as winter
intermediate crop in Southeastern Anatolia Region, Turkey were determined. Green and dry hay yields
Urkmez variety were superior to other varieties. Similarly, grain yields of Alper, Cumhuriyet,
Ozveren, Albayrak, Doruk, Bakir and Yiicel varieties in addition to Urkmez variety were higher
compared to the rest of the vetch varieties. The results of the study revealed that superior varieties
obtained in this research should be preferred for common vetch cultivation in semi-arid environmental
conditions such as Ceylanpinar district and similar ecologies.
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ABSTRACT

Wireless multimedia sensor networks (WMSNs) depend upon novel Quality of Service (QoS)
protocols for real-time and multimedia applications because of having limited resources and inherent
features. In this paper, we examine the impact of radio propagation models, namely Friis Free Space, 2
Ray Ground and Hata Urban, on a cross-layer protocol, XLCP, to offer QoS in Wireless Multimedia
Sensor Networks. XLCP, unifying network routing and MAC functionalities, is a cross-layer protocol
that enables scalable service differentiation. Performance results indicate that radio propagation
models influence QoS level in simulations for XLCP protocol. As far as we know, both exploring the
impact of physical layer propagation model on the higher layer protocols and development of physical
layer aware protocols are still an unexplored area.

Index Terms: Wireless multimedia sensor networks, multimedia, QoS, radio propagation model.

Introduction

Technological advances in hardware devices such as CMOS cameras and microphones have enabled
low cost curtailed embedded sensor devices equipped with video and audio assemble components [1],
[2]. Networking such hardware devices gathering multimedia content from physical environment is
named as Wireless Multimedia Sensor Networks (WMSNSs) [3], [4]. In order to successfully run
WMSN applications, a concrete degree of Quality of Service (QoS) guarantees, such as reliable and
timely transmission of multimedia content, is expected from the WMSN. QoS describes satisfaction
level of application concerns from the underlying communication network or discerned traffic quality
level that the underlying network gives to an application. For having constrained resources such as
memory, storage, processing and bandwidth, WMSNs indicate considerable QoS provisioning
challenge. On the other hand, protocols developed for traditional wireless networks and ad hoc
networks are not applicable to WMSNs. Therefore, brand-new generations of protocols are required
for WMSNSs. Increasing number of WMSN applications, such as mission critical target tracking in
battlefields and real-time emergency response will become reality once challenges are tackled.

Traditional layered wireless protocols are inadequate for WMSNs since layered design inherits
redundancy and common dependencies exist in different layers. Thus, cross-layer design approaches
have emanated to address performance enhancement of WMSN protocols [5], [6]. In order to meet
QoS requirements of WMSN applications, cross layer design is very crucial for improving the
performance and efficiency of protocols. In our previous studies, we presented a cross-layer
communication protocol, XLCP [7] that unifies routing and MAC functionalities and enables scalable
service differentiation in order to meet QoS requirements of WMSN applications. XLCP is also tested
and confirmed in an image, voice and activity transmission applications [8]-[10].

The performance of a wireless protocol is affected by the underlying radio propagation model. The
number of nodes within a collision domain that is a crucial parameter for contention and interference
is obtained by the radio propagation model [11]. Consecutively, ability of transmitting a packet to a
node is directly affected where QoS metrics, such as reliability, throughput and delay, results in
different figures. In this paper, the impact of radio propagation models on XLCP to provision QoS in
WMSNE is examined.

Related Work

There is not much research on how radio propagation models impact on the performance of the
protocols in wireless multimedia sensor networks (WMSNSs). There has been some research in
wireless ad hoc networks [11], [12] and sensor networks [13]-[15]. The impact of acoustic
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propagation models on the higher layer protocols are investigated in the scope of underwater wireless
sensor networks [16]. The literature review shows that the influence of propagation models on the
performance of the WMSN are not investigated deeply yet. This gap within the research inspired this
work.

XLCP: A Xross-Layer Communication Protocol for Service Differention

XLCP unifies MAC and Routing protocol functionalities into a single module [7]. XLCP is a fairly
simple protocol because of resource limitation of sensor nodes. It is completely stateless, based on
localized packet forwarding, and assumes location awareness. Each node is required to find out its
location relative to sink. Localized packet forwarding decisions are determined by a cost function
leveraging feedback on the level of energy, data rate, channel quality and available buffer length in
order to determine the best next hop. During CSMA/CA-like MAC operation, nodes randomly access
to channel. XLCP also utilizes back-off interval, inter frame spacing and MAC frame retransmission
counts. By differentiating such parameters and utilizing the cost function, QoS (i.e. reliability,
throughput, delay, reliability, or combinations) differentiation is achieved.

Every sensor nodes achieve distributed duty cycling. First of all, all sensor nodes reside in IDLE state
where they listen to the communication channel. Upon detecting a communication over the channel, o
sensor node sets the channel busy until timer expires. Whereas a packet associated to class Q is
determined and the channel is available, a sensor note sets itself to RTSI state to send an RTS-I packet.
During RTSI state, the CSMAgrrs algorithm similar to CSMA/CA method with parameter values
depending upon QoS class of the packet is applied by a sensor node. RTS-I packets are investigation
packets to determine the quality level of the next forwarding node. Such different QoS parameters
results with service differentiation. Subsequently, a sensor node broadcasts an RTS-I packet and it
transfers into WCTSQ state to receive for a CTS-Q packet. Then, it collects all CTS-Q packets
associated with the packet for WCTSQ® period.

When a sensor node receives a broadcast RTS-I packet, the sensor node transfers into CTSQ state and
determines the QoS-cost value that will be inserted into unicast CTS-Q packet provided that the sensor
node is in IDLE state and is closer to sink within a given threshold. The QoS-cost value is determined
by a cost function based on SNR, remaining energy, data rate and buffer length. CTS-Q packets carry
out quality level of a node, cost value, computed by a cost function. Cost value is used as one-hop
feedback control in routing decisions. During CTSQ state, the sensor node performs CSMActsq
algorithm akin to CSMA/CA approach with parameter values assigned to QoS class of the packet.

The sensor node collects the CTS-Q packets during WCTSQ® period to select the best candidate node
that send the highest QoS-cost value in CTS-Q packet to transmit the data packet by getting into
DATA state. In DATA state, the sensor nodes send the data packet to a relay node that transmitted the
highest QoS-cost value injected into CTS-Q packet. In order to send data packet to candidate relay
node, sensor node applies CSMApara algorithm. Immediately, if acknowledgement is enabled, the
sensor node gets into WACK state to receive an acknowledgement packet. Otherwise, it gets into
IDLE state. When a sensor node receives a packet, it updates received SNR value of related packet by
applying exponential weighted moving average.

Radio Propagation Models

We examine the impact of radio propagation models, Friis Free Space, 2 Ray Ground and Hata Urban,
on a cross-layer protocol, XLCP, to provision QoS. For Friis, the received power by an antenna in
dBm is given as:

Pr =Pt + Gt + Gr —(32.46+20+* log10B +20+* logiod) @

where B is in mega hertz, and d is in kilo meters.
For 2 Ray Ground, the received power by an antenna in dBm is given as:

Pr =Pt + Gt + Gr —(20* 1091050+20l0g101.5—40* logiod) (2
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where d is in meters.
For Hata Urban, the received power by an antenna in dBm is given as:

PL11 = (1.1 logioB —0.7)*1.5—(1.56* logioB —0.8) (3)
where d is in meters.

PL; = 69.55+(26.16* log:10B —(13.82* 1091050)— PL11) (4)

PL, = 44.9-6.55% 1091050 )
Pr =Pt + Gt + Gr —(PL.+ PL») (6)

where B is in mega hertz.

Performance Evaluation

In sequence to gain insights on the impact of radio propagation models on XLCP protocol, we carried
out detailed simulations on an in-house developed simulator in Matlab environment [17]. The NS-2
simulator [18], [19] is used as a reference for implementing XLCP in Matlab language. Table |
represents the general simulation environment parameters.

Sensor Network Terrain Area 40m x 40m
Node Number and Placement 48 Uniform
Sink Coordinate (0,20) m
Simulation time 10 sec
Number of Events 2

Event Impact Range 8 m
Bandwidth 1 Mbps
Radio Range 10 m
Transmit (Tx) Energy 24.75 mW
Receive (Rx) Energy 13.5 mW
Idle Energy 1.45 mW
Sleep Energy 15 pW
Total Buffer Length 100 packets
Max Retransmission 8 times
Scheduler FIFO

Data Packet Length 100 bytes
RTS-I, CTS-Q and ACK Packet Length 20 bytes, 20 bytes, 15 bytes

Table I: WSMN Simulation Parameters

WWW. EUROASIAJOURNAL.ORG

Volume (7), Year (2019)

Page 127



EUROASIA JOURNAL OF MATHEMATICS-ENGINEERING NATURAL & MEDICAL SCIENCES
InTerneTional INdexed & Refereed

all—Q

B(é!gufryfcycle 1
BminNfo 4
BT(TQML:BNB—:L' 10
ﬁminBEfa: 3
6§1amBE—m 8
6minCWf:r !
ﬁgwimic 02
ﬁACK—enable TRUE

Table I1: Simulation Parameters used in XLCP (X=rtsi, ctsq, data, ack)

In simulations, 48 sensor nodes are randomly deployed in a 40mx40m sensor network field. It is
presumed that the nodes and sink are stationary and the network does not have any vacated region.
Constantly, the sink is located at coordinates (20,0)m. In each simulation, concurrently, 2 events
occur. At coordinates (10,30)m, the first event is fired up and at coordinates (30,30)m, the second
event is fired up. The impact of an event is 8m. Figure 1 represents an example sensor network
topology.

Only 2 QoS classes are specified in simulations. Source sensor nodes around the impact range of the
events generate data packets to be delivered to the sink node. In other words, 2 event packets are
generated at each certain period around the event impact range. If a sensor node has not got available
buffer, it drops the generated or forwarded packets. Substantial XLCP parameters for both Q=1 and

nall—
Q=2 QoS classes are presented at Table Il. Duty-cycling is not applied in simulations (-‘jduzygcyde - 1).
In all simulations, it is assumed that the channel has constant bit error rate (BER) of 10°%. Each
simulation is run for 10 sec. Moreover, the average of 5 trials is run with different network topologies
to evaluate the performance of simulations. In simulations, related XLCP parameters are conformed to
the IEEE 802.15.4 parameters. Unless otherwise specified, all simulations are rigorously run with
these parameters.
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Fig. 1: An Example Sensor Network Topology

We explored the subsequent QoS performance metrics in performance evaluation:

. Per-packet Energy Overhead: This metric represents the consumed total energy of a unique data
packet received at the sink.

. Event Miss Ratio: This metric represents the proportion of total lost data packets to total generated
event data packets.

. Average Delay: This metric represents the average of end-to-end time delay of all data packets
received at sink.

. Event Reliability: This metric represents the proportion of total received unique data packets at the
sink to total number of generated data packets at source sensor nodes.

. Sensed Event Reliability: This metric represents the proportion of total received unique data packets at
the sink to total number of generated and placed into the buffer of a source node data packets at source
sensor nodes.

. Throughput is the number of bits received at the sink per second.

In Figure 2 Per-packet Energy Overhead, Event Miss Ratio and Average Delay graphics are presented.
For Per-packet Energy Overhead in Joules, Friis and Hata Urban radio propagation models show
similar linear constant function behavior.
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Fig. 2: Per-packet Energy Overhead, Event Miss Ratio and Average Delay Graphics

For Friis and Hata Urban radio propagation models, increasing event frequency do not change Per-
packet Energy Overhead. Hata Urban results with slightly lower Per-packet Energy Overhead than that
of Friis. 2 Ray Ground radio propagation model shows variable function behavior for Per-packet
Energy Overhead. It is obvious that when event frequency increases, Event Miss Ratio also gets
increased. All Event Miss Ratio graphics are exponential up to a certain event frequency, and then
logarithmic. However, Hata Urban radio propagation model results with lower Event Miss Ratio than
that of Friis and 2 Ray Ground models. And, 2 Ray Ground radio propagation model results with the
highest Event Miss ratio. It is clear that when event frequency increases, Average Delay also gets
increased gradually. All Average Delay functions are in part logarithmic. Hata Urban radio
propagation model results with lower Average Delays than that of Friis and 2 Ray Ground models.
And, 2 Ray Ground radio propagation model results with the highest Average Delay.

In Figure 3, Reliability, Sensed Event Reliability and Throughput graphics are presented. For
Reliability, Friis, 2 Ray Ground and Hata Urban radio propagation models show similar negative
exponential function behaviour. Hata Urban results with the best Reliability, and 2 Ray Ground results
with the worst Reliability. Friis, 2 Ray Ground and Hata Urban radio propagation models
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Fig. 3: Reliability, Sensed Event Reliability, Throughput Graphics

show similar negative exponential function behavior for Sensed Event Reliability. Hata Urban results
with the best Sensed Event Reliability, and 2 Ray Ground results with the worst Sensed Event
Reliability. For Throughput, again, 2 Ray Ground ends up with the worst results, and Hata Urban ends
up with the best results.

Conclusion

Evaluating performance of the protocols on top of physical layer propagation models is a frequently
neglected research area in WMSN. However, accurate knowledge of propagation models assists the
progress of more efficient, effective and robust network protocols. This study investigates the effect of
propagation model on the performance of a XLCP communication protocol that is developed for the
needs of WMSNSs. The simulations show that physical layer propagation model impacts the
performance of XLCP. This implies that superior protocols can be designed while considering
physical layer propagation model.
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