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Makale id= 10
S°zl ¢ Sunum
ORCID ID: 000600020928595X |10
Destekl eme Sul amaEkp.yguI amal arénén Ay-i-efji
tkisi

Researcher 'BuBbe- SBit b aMePofi2rtTolda &mdemr
Tekirdaj Naméek Kemal !niversitesi
Tekirdaj Namék Kemal iniversitesi

*Corresponding Author Buse Sal back

¥zeBu -al é&kma, Trakya B°l gesi kokull arénda damla sul
ay-i-eji bitkisinde su kullanéemé ve verim °zellikler
tal ekxkmadéapndenemesul ama suyu uygul anmayan (susuz, |0)
d°neminde (12) sulama suyu uygulanan konular ol ar ak
gel i kme ve verim unsurl ac@&ylczebihlei eb&kyws,i nsapbekalre ring
bin dane ve hektolitre ajérléeklaré, kuru madde mi kt a
su te¢gketiminin 447,16 mm il e | 1 koniussuun dtag kyeatki ami & rdkeejne
mm ol arak °1I| -¢l mgkt ¢or . El de dilen dane veri mi dejer
-i-ekl enme d°neminde (11 kon unda) yapélan sul ama i
k

e
us
edilen sulama u y u ullaném randéemabhes5 41 MWMYyEN3 deife@sémrdanvea dy 2
(WUE) dejerl-Cer@dhikng/im3e Or,dbénda dejiktiji saptanméxkt é
deneme konusundan el de reidiilse kén52 ekhg/dmX ¢kl &NUE2 dlke ru

kaynaj énén kesetl é ol duju Trakya gi bi bel gel erde -
uygul amal aré ile ay-i-ejinde verim artékénén elde edi
Anahtar Kelimeler:Ayi-- eJ i (Hel i anthus Annuus L.), Destekl eme Su

The Effects of Supplementary lrgation On Sunflower Water Use andi¥ld

Abstract: This study was carried out in order to determine the effect of additional irrigation applied by the drip
irrigation method on the water consumption and yield characteristics of the sunflower plant in the Thrace Region
in 2022. In the research, three distinct experimental treatments were identified. These treatments are non
irrigation (l10), irrigation during the flowering period (1), and irrigation during the yield formation period (12).
Additionally, plant height, stem thickness, disc diameter, seed yield, thousand seed and hectoliter weights, and dry
matter amounts were measured in order to ascertain fileetsfof irrigation practices on vegetative growth and
yield factors. We measured the maximum evapotranspiration of 447.16 mm in 11 and the lowegtigation
treatment (10). The seed yield values we obtained varied between 200.691kgnda231.76kg dal. We
discovered that irrigation during the flowering period (for 11) led to greater yields. We determined that the
obtained irrigation water use efficiency (IWUE) values ranged from 1.23 to 1.54%d\a discovered that the
water use efficiency (ME) ranged from 0.52 to 0.64 kg-3n We obtained the greatest WUE value of 0.64 from
treatment 10. We got the lowest WUE value of 0.52 from treatment I12. In regions with limited water resources,
such as Thrace, we determined that supplementary irrigatppliGations during the flowering period can
enhance sunflower yield.

KeywordsSunf |l ower (Helianthus Annuus L.), Supplementary
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1. GKRKKk
Temel besin maddel erinden biri ol an vy tijnihlear , i - e
sebebiyle insan ve hayvan besl enmesinde °nemli |
tohuml ar, ayné zamanda kozmeti k ve kimya sanayil
Ay-i -eji, ¢l kemi zde eki m aylajnléé vteo heurnel tairm ami akstéanrc
gel mektedir. Ayreéca bitkisel yaj olarak ay-illlej i
ekim m¢gnavebesi nde taeymeil- efjiit)k i aoyl-ukuvej (i bujedayt ir
-ékarmakKawagegr2003) . T¢rkiyedde yaygén ol arak T
yetiktirilen ay-i-ejinin, ekilik alané ve birim
(kekil 1 ve kekil 2) (T. C. iTamr 6enele Mgdagnl Bjak afl
2022)
kekiTlgrki yedbde Ay-ivwejireEkiml Mk kAlhahlkhaéée ( BUGEM,
Alan ve Uretim
9.000.000
8.000.000
7.000.000
6.000.000
5.000.000
4.000.000
3.000.000
2.000.000
1.000.000 I. I.
) 2017 2018 2019 2020 2021
M Alan (da) 6.813.976 6.489.344 6.759.834 6.508.696 8.113.116
m Uretim (ton) 1.800.000 |  1.800.000 |  1950.000 | 1900000 |  2.215.000
kekiAly -2 .- eji lretim Haritaseée (BUGEM, 2022
AYCICEGI URETIM HARITASI
Gosterim
[usmn
—pvi
0 55 110 220 330 440 I 34.791-94.203
—-—— Kilometre I 5« 294 - 399531
T¢rkiyedbde ay-i-eji ekim al ané ve ¢arettmank tna dkétra.r
nedenl e ki Ki bakéna d¢ken yaj] tegketi mi de artm
B°ylece ¢retim ile t¢gketim arasénda artan yaj e
gideril mektedir. Azl-iij-iefiin ¢srcentucmd nad lna rysek ey ajil €
°denen rakamlar petrolden sonra en -o0ok ©°demenin
°czel lifJi ile ay-i-ejinin stratejik °nemi de or
kepat €l masé i-in wuygun tarém tekni kIl eri ve giroc
artéréel masé gerekmektedir (G¢gnde¢gz vd., 2018) .
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Verim ve kalitede arték sajlamak i-in tarémsal

optimumyarars aj | anmaya -al ékél maktader . Tar émsal gi ro
sul amadeéer . Ancak su kaynajéenén yeterl:] ol madéej
pl anl anan al anén artérél masé sz skudnaunmsau ioklldeut]nuenc
pl ana -ékmaktadeér. Bitkilerin b¢yé¢ me periyotl a
d°nemlerde su késetée ile karké karkéeya berakeld
tasarrufu sajl arvda1090). mekt edir (Kanb |12

Yaré& kurak bir iklime ve késétl é& su kaynakl ar én
g°re yelléek toplam yajék ortalamasé 580,4 mmoédi
M¢ederl ¢7 ¢ [ MGM] 20kZsmee bbhaunvies, kKék iyl ar énda
ay-i-eji taréménéen yojun ol arak yapeéeldejé Trakye
yetiktiril mesine rajmen, verim ve kalitigndartéxkéer
uygun d°nemlerde sulama yapéldéejénda veriminde
Yél dér & m, 2000) . ¥zellikle ¢- b¢egyegme dPnemi nde;
uygul anan sulama suyu vefOsmmnanf neenl TaPha,d®9 as;t el
Unger , 1990; Kar aat a, 1991; Erdem vd. 2001 ; FIl a
2005; G¢endyg z vd. 2018) . Ay -i -ej i tarémenda opt
oIUKturuImasleenmalnarydaaoéltam bay¢me dPneml eri ar a
pl ana -ékmaktadér . ¢i -ekl enme periyodunun topra

sul ama suyunun bu d°nemde sénérl andeéreéel khmammasé ge
ve Erdem, 2005; Bakht vd. 2010).

Su kaynakl arénéen yetersizliiji ile baka - ékmak
r

s¢erdereéel ebi lir y°neti mi, ger i d°n¢gKegmg Vve suyur
yapélan -adyeakmiadmmuwt uorr.t Bu nedenl erden dol ayeée
karkelandéjé durumlarda bitki su kullanéemée ile
bitkisinde su kullaném etkinlijimansuyer umgueé awme
altendaki tepkil erini belirl emek ¢zere yeretel et
T Y¢ksek dane ve yaj]J verimi elde etmek i-in su
T Artan sulama d¢zeylerinin ise toplatnkivleedinm iv
belirtilmiktir (Safahani Elmalirmnioan wd. 2013
Erdem, 2020; Alhayderi ve Hassan, 2022).
Bu -al ékxmada, Tekirdaj ilinde damla sulama y°nt
sulamasuyunurg y - i - ej i veri mi ile su kullaném (WUE) ve
belirlenerek susuz Kkokull arda elde edilen dejer

azal maséné en az d¢zeyde tut alki lheadelk | nlmda ma i pr. o
2. MATERYAL VE Y¥NTEM

Ar akt ér ma, Tekirdaij Bajcél ék Arakteéerma Enstitge¢s
Yyereéet el megkt ¢r . Deneme al ané 40A59N] kuzey enl em
deni zden mgédsekl Afakdérma al ané yareée kurak ikIir

ortal ama S8G&c akadijégle nledmil %76, 9, rézgar heze 2,90
ortalama yajék miktarée 580, 8 mnsdndéi rEk(iMGEM,| € ONRi29 a

araséndaki d°nemde ol maktader. ¢ti zel ge l16de de
yeti ktirme periyodundaki bazée i klim °zellikIleri
Deneme al anét éwmlpég alkdmyey&iddhi pi,-dmrifjiif daoardlu,t op
ol ukmakulaldeegmél!l abilir su tutma kapasite(@ti deljge i
2) . Al anén sulanmasé i-in kullanélan sul ama suy

grafi k y&oldgkmegétl dandéeréel méktéer (¢izelge 3).
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¢i zelDeen elme Al anénda ¥I -¢l en Bazeé KkI
Ort. Ort. Ort. Ort. ge¢én
Aylar sécak baj el rézgar S¢resi Yaj ek
(AC) (%) (nvs) (h) (mm)
Nisan
1-10 13,44 70,29 2,80 8,83 5,90
11-20 9,81 77,46 2,47 8,34 63,10
21-30 14,89 75,10 2,03 11,04 1,60
Mayés
1-10 13,33 76,41 3,10 10,51 2,80
11-20 16,54 74,19 1,98 11,52 10,70
21-31 20,36 74,91 1,71 11,85 2,20
Haziran
1-10 22,04 75,81 2,68 11,54 3,40
11-20 21,90 75,14 3,37 11,32 16,30
21-30 23,66 72,44 2,68 11,72 12,80
Temmuz
1-10 24,16 70,04 3,31 12,31 1,50
11-20 23,64 66,60 3,60 12,31 -
21-31 25,04 69,70 2,79 12,10 -
Aj ust og
1-10 26,17 69,38 4,19 11,68 7,50
11-20 24,92 75,35 2,73 11,15 20,10
21-31 25,57 78,48 2,62 9,52 8,60
Eyl ¢l
1-10 22,80 72,67 3,18 10,13 0,80
* 1 2 m yé¢ksekli kteki dejerlerdir.
¢Ci zelAgge i 2 .e] i Deneme Al ané Toprakl arénén
Profil B¢eny Tarla kapasitesi Sol ma nqg Hacim Kull anél ab
der i séneé ajer| kapasitesi
(cm) % mm % mm (g/cn) (mm)
0-30 Ki | Ii 24,95 114,52 | 16,02 73,53 1,53 40,99
3060 Kil 1 i 24,25 123,68 | 14,22 72,52 1,70 51,15
60-90 Ki Il Ii 2557 128,87 | 15,03 75,75 1,68 53,12
90-120 Kil 27,04 134,66 | 16,76 83,46 1,66 51,19
0-90 367,07 221,81 145,26
0-120 501,73 305,27 196,46
¢i zelSgud a3na Suyu Analiz Sonu-1aré
¥r n{ Sulama EC SAR | pH Katyonlar (me/L) Anyonlar (me/L)
no SWU | @3mho g/
seng Na" | K* Ca*+ Mg™ | HCO; CI SO
1 TS, 720 0,87 | 7,7 | 1,40 | 0,12 5,16 6,00 | 0,41 | 0,27
2 TS, 720 0,88 | 7,7 | 1,44 | 0,14 5,40 6,00 | 0,40 | 0,58

m ¥z e
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Araktéerma tesad¢f Dbl okl aré deneme desenine g°re
rastgel e dajétélméKtér (Yurtsever, 1%84di Deneme
Ol ukturulan 3 blojun her Dbirinde 3 adet ol mak ¢
parseli 7 1T 7 m boyut | Gatagarsahiatir. Bit dererke pareelndeelO adei p | a m
bitki Sér aseéeé, her0 knidteki bsé&rkas é ud auenrmarkd ea diegse Bi t
¢czeri ise 0,35 modir (kekil 3). Deneme konul ar én
Araktérma al ané topraklarénén b¢nye sanéete dldbiy
4,0 L/ h, daml at éce araleéje ise 0,50 m olarak se-
yumukak PE borulardan olukan | ateral boru hatl a
adet ol acak biil-d ndd°ek eOn MfiOK nvearba® yl ece ésl atél an a

kekiDlen®.me Al ané

Deneme konul ar é;

lo: Sulama suyu uygulanmayan konu (susuz),
Kb ¢i -eklenme d°neminde sulama suyu uygul anan ko
P Dane dol um d°ne mik osnuul abma- ismiynud eu ydg¢uzl eannl aenn mi K t i 1

Uygul anacak sulama suyu mi ktaré 90 c¢cm toprak ¢
-ékarelacak kekilde belirlenmi k@0 rcmTtoppra&kk neenr °
her 30 c¢cmbéli&r & oipriak &waltamal uygul amal aréndan bi
toprak nem i -erifji dejerl eri uygul anacak sul ama
Uygul anacak sulama suyu mi ktarénéen hesapl anmaseér

) — r $ O (Exkitlik 1)
Ekitlikte;
I : Deneme konul aréna uygul anacak sul ama
TK : 90 cm etkili k°k derinlijinde tarl a Kk
MR : Etkili k°k derinlijindeki mevcut nem
r . Toprajén hac?hm ajeérl éejé (g/cm
D : Etkili k°k derinliji (mm)
P cIsl at élan alan orané ( %)
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Bitki su t¢gketiminin hesaplanmasénda Su B¢t -esi
%4 ) 0 # $ 2 VY3 (Exkitlik 2)
Ekitlikte;
ETc : Bitki su t¢gketi mi ( mm)
. = | 15
I . Denem&k onul aréna wuygul anan sul ama suyu I
P clslatéelan alan orané ( %)
Cp : Kélcal y¢kselikle k°k b°l gesine giren
D : Sul ama ve yajéktan sonra meydana gel e
Re : Deneme parsell ewigneygiakke&mnx wne kd a+ &k g mn
Y3 : ¥l -¢len d°nem i-in toprak nem i-erifji
Deneme al anénda taban suyu bulunmadéjéndan, kel
var sayg@legreak @°z °n¢gne al énmamékteéer. Ayreéca, ba
akék miktarl aré da i hmal edi |l mi ktir (Kanber, 19 ¢
Deneme konul aréna uygul anan sulama suyu, °1I-¢l er
suyu kubkuak@mlaeém randémanl|l aré belirlenmicktir |
) 75 % (Exkitlik 3)
75 % — (Exkitlik 4)
Ekitlikte;
IWUE : Sul ama suyu kull®3%ném randéemané (kg/m
WUE : Su kullanéem jJandéemané (kg/ m
Y . Denem&k onul arénda °1 -¢l en hasat veri mi
I :Uygul anan sulama suyu miktareée ( mm)
ETc cBitki su te¢gketi mi ( mm)
Her bir deneme parselinden vejetatif geli kme ve
sap kalénléeje, tdbha vepéaekdahetver iamiéer !l lgkhar e,
ve konul ar araseée farkl eéleéeklar istatistiki a-eéedar
3. SONU¢ VE TARTI kMA
Denemea| anénda ay-i-eji bitkisine ait fenolojik g
40t e veril mi ktir (kekil 4) . Deneme alanéna ay
ger -ekl ekmi ktir. Hasat ise 09 Eyl ¢l 2022 tarihi
yeti ktirme sezonu i-in b¢sgpkmélpegtimpadyruzunl uj u
¢Ci zelAgge i 4 e i Bitkisinin B¢gyegme Periyodu Uz
Periyot
B¢y ¢ me Bakl angé- t Bitik tari uzunl
(ge¢n)
¢imlenm Ekim Bitki birka- 'y
- ekex 28 Nisan 2022 - 15
) 13 Mayeées 20
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Periyot
B¢y ¢ me Bakl angeé- t Bitik tari uzunl
(gen)
Erken vejetatif | Bj t ki birka- vy Bitki sapa k
gel i kn i 23
(1a) 14 Mayeées 20 04 Haziran 2022 |16
Ge - yej Bitki sapa k| Tepe tomurcuju
gel i kKn ) _ 14
aziran aziran
(1b) 05 H 2022 19H 2022
] Tepe tomurcujul Tabl ada danel e
¢i-ekle ) 27
20 Haziran 2022 17 Temmuz 2022
Dane ol Tabl ada danel e Daneler maksimum irilikte 20
©) 17 Temmuz 2022 05 Ajustos
Daneler maksimum irilikte
Ol gunl a = . 32
06 Ajustos 09 Eyl ¢l 2(
Toplam Ekim Hasat 131
2022 28 Nisan 2022 09 EyI ('J| 2 (Q
kekiAly -4 .- e i Bitkisinin B¢gyegme Periyotl a
Deneme konul aréna ait, b¢gy¢egme periyodunda uygul é
nem deji Ki mi dejerl eri dve] ehrelsearpil atniazne I bgiet k5 6 dseu v
-aléekmaséna konu ol an sulama faaliyetleri iki f&é
2022 tarihinde -i-eklenme d°neminde ger-ekl ekmi
sulamaiseAj ust os 2022 tarihinde ger-eklexktiril mixktir
150,57 mm ve dane olukumu d°neminde ise 181,07 1
su t¢ketim dejerlerini i ncel e&7,16 immileldeausuda vy ¢ k s e
yakaneér ken, susuz konuda i se enokdnysurgddisehitkitsk i s u
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t ¢cketi mi 311,96 mm ol arak ger-eklekmi ktir. ¥ - ¢
go°r ¢l mekt edi rm, Z005e0emiavad., 2008; Ydvuz @04.6).
¢i zelDeen efme Konul aréna Gorw WygulamamBi $kliaBa Jgketi
Deneme Topraktaki nem Yaj €+ Uygulanantoplam ¥1 - ¢l en mevs
konusu dej i Ki | sul ama suy t ¢keti mi |17
(mm) (mm) (mm) (mm)
lo 225,26 - 311,96
I 209,90 86,70 150,57 447,16
P 145,53 181,07 413,03
kekiSlulBs.ma Uy geulTaonparlaakrtéa k i Nem DejJi ki mi
370,0 - 4
__ 350,0 -
E 330,0 -
S 310,0
T 290,0 - =10
£ 2700 - 1
5 250,0 -
2 2300 - 12
Ezm,o- —+—TK
2190,0- e SN
< 170,0 -
£ 150,0
S 130,0 -
2 110,0 |
90,0 T T T T T T T T T T T T T T T |
£ 3 3 R R R R EE EEE B 3 2 8 B >
Olciim periyodu
Deneme konul aréndan el de edilen vejetvaeriifl ngied tiikrr
Buna g°re, en uzun bkdrkus nodyau,, €l 1k 89Da chmo tikie bo
deneme konusundan el de edil mi ktir. Buna karkén,
sonucunda, sul ama suyui okgsli amal abriérkéin baoyy-lia-reéjr
etkilemediji belirlenmiktir. Hasat sérasénda °|
kal énl é] é,2ko5h,usUnmdma,i leen ly¢ksekols@ampu kKl Eganl £ @t drb6
Yapeéel an i statisti k anali zi sonucunda, farkl e s
dejerl erini et kil emedi ]I belirlenmiktir. Hasat ¢
-apé 1601 k®nmmunda, | enisedldX4d kim iledkbol nau s-uanpdéa b ul u n mi
Deneme konul aréndan el de edilen tabla -aplareéena
araseénda istatistiksel a-édan p<0,01 d¢zeyinde
suyuuyguh mal ar énén ay-i-eji tabla -apée dejerlerini
¢i zelDepeneme Konul aréna Klikkin Vejetatif Gel
Deneme Bit ki boyl Sap kal én Tabla -ap
konul g (cm) (mm) (mm)
lo 158,15 ns 16,80 ns 143,45 b **
I 161,30 16,11 160,78 a
I 158,20 15,99 160,40 a
ns . °nemsi z
* x p<0, 01 d¢zeyinde °nemli
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Deneme konul aréndan el de edilen dane verimleri v
dane veri mi dejerleri a2@a6edmdakdefiakmeet2adilyr76Sk
dane veriminde arték sajladéjeé g°r ¢ likosusundad i D
yapélan sulama ile daha y¢ksek el de edil difji s a|
konudraaseénda susuz ve sulu kokullar arasénda p<0
ajéerleje dejerleri ise 67,90 ile 77,07 g araseén
dane ajérl éklarée araséentakirfeykbéel akkaiéei nslfap
ger-eklexktirilmiktir Varyans anali zi sonucunda
ol duju saptanméxktér .
Deneme konul aréndan hasat sonrasénda hekteligel en hel
ajérl éeje,kdnuBanklag,ileea ly¢siksek hekt olokonusumdaaj er | & ]
el de edil mi ktir. Ortalama hektolitre ajeéerl éejeée 3
varyans analizleri sonucundaast i st i ksel ol arak °nemli farkl el ekl
sulama suyu uygul amal aréenén ay-i-efji hektolitre
deneme konusundan el de edilen kundi nmadde Ruktam
mi kt arl ar é %93, 94 il e 94,59 arasénda deji kKmi Kt i
%94, 16 ol arak belirlenmiKtir. Sul ama denemel eri
dejerlendirilmik veamar&téendml|l aypai sejyiu biytgkii si n
p<0, 05 d¢zeyinde istatistiks | a-édan etkilediiji
¢i zelDegeneime Konul aréna vEl Vekim Dasar Varéeml( &gi da
Deneme Dane verimleri | Bindaneaj €ér | | Hekt ol i tr| Kuru madd
konul g  (kg/da) © (kg) (%)
lo 200,69 b** 67,90 b** 37,22 ns 94,59 a*
I1 231,76 a 77,07 a 37,09 93,97 b
I 222,02 a 75,47 a 37,19 93,94 b
ns nemsi z
** 1 p<0,01 d¢zeyinde °nemlii
* 'p<0, 05 d¢gzeyinde °nemli
Deneme konul aréndan el de edilen ay-i-eji dane v
sulama suyu miktarlaréna g°re hesaplanan su kul
randemané (| WUE) defjielriniexkti €i zel ge 806de
¢i zelSgud a8ma Suyu Kul |l anemSRaKdé mame& m  RW¥dEE mdneée ( WUE)
Deneme Konul IWUE (kg/n?) WUE (kg/n?)
lo - 0,64
1 1,54 0,52
I2 1,23 0,54
Arakt érma al anénda el del5dkhimaerna slewWEa ddeejjd rkite rjiinil
Yapélan farkl e —aIeKmaIarda | WUWE BgJkgmverS$S¢ IYlayg uz
ve Dajdelen (2013)236kgkie 8akbhakavenHBadaém002020) 1
1,50 ile 4,39 kgn*ve 0,78 ile 2,06 kg/fo | ar ak saptanméxkt éer .
Araktérmada elde edilen WUBada§emdardaej inkt isjei Os
y¢ec¢ksek WUE dadjeenreimeO ,k6odn uisluemdlan el de edilirken, e
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konusundan el de edil miktir. Ay-i-eji ndramwu kul I
(2007) L¢bnan kdkuSeéememnda. 0( B3G1 &e2teulkR@kg/d)va Kk oK
Sal bak ve Erdem (2020) 0,83&dint ve 0,64jle 0/8wkg/drd & jaerrél nedrai  Oe, | €
edi |l mi ktir

Ay -i -efji ¢l kemi zde en fazla tarémé yapélan bit)|
adaptasyon yeteneji sayesinde °zellikle kuru 0 K
deji ki klijine bajl é élnalaalalsmétséklg,élkealgbéneéimléeya
d¢zeyinde dée¢kmel ere neden ol acajé degkegnegl mekted
mi ktar én arze karkél ayamamasé nedeni yl e cretin
gerektime k't edi r Bu -alékma ile d¢gkegk sul ama suyu uy
daha y¢ksek verim dejerlerine sahip olduju ortay
gi bi al anl arda -i-eklenme &° ugmiuhcdenayap&| ad ek ade
artékenén ger-eklexktirilebileceji belirlenmickti:r
bel gel erde, minimum girdi ile ¢retimin artteérelr
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Makale id= 34
S°zl ¢ Sunum
ORCID ID: |21
Serbest Dol akéemlé Ara- Kiralama Sistemleri'n

Bazl e Talep Tahmini

Arakt érmacé® Emre Delice
Vektor Teknol oj i

¥zeKul |l an bérak daki kal ék ar a- ki +RRE@Sna tnypded ( my &ad a |
yayél maktadeéer . FFCS model |l eri bel irli hi zmet al anl ar
konumlanabilir. Kol ay kull anélabilir ol masé anl ék i ht
mgterilerin yojun il gisini -ekmektedir. Geni kl eyen &
gé¢ndeme getirmektedir. Bunlardan biri de ara-I|lareén di
yerl erle -ok ar an yydrmaervdee -0« drad-epolohaa i hti mali s°z
talep olan yerl erden -ok talep olan yerlere dojru ara
bul ma probl emi i se makine ©°Jremme Bw° ntad mlkemraidnai d°n bp
uygul amal & bir -%z¢é¢m %°neriosi sunul maya -al ékélacakt
al ékkanl ekl ar éna gore géhneén 24 saati -meanmmametodd i | i ml e
kull anél aesakmada Kkiendier g¢n ve zaman di |l i mi i -in il
tahmini ve ortalama kiral ama t tNtNa raé gtoa h mimrais ey kpé ll an &}
tahmi ni ile ortal ama kizamamapdmndearrel graihmienii I--aeg pled ;i
edi | mi kK olacaktér

Anahtar Kelimeler:Ser be st Dol akéml é Ar a - Kiral ama Uygul amal a

K¢ mel eMeans, KKln Al gor it masé

[29] GKRKK

Daki kal ék ara- kiralama uFgCBamafmrés; fyaea ¥odjoanm
sahiptir il kemi zde de biraz ge- kull anéel maya
artmaktadeéer. Késa s¢reli amabu kwy duwlnagmali ehrt i kylaa d ic
ara- kiralama wuygul amal aréeéndan farkl &l akmaktadeée
yapar ak birka- daki ka i-erisinde hizmet bel ges
yapabilirler.

FFCSugul amal aré daki kal ek ol arak ara- kiral amaya
gereken minimum ara--bkndal gmaesir bal unmgmaktinadde
saatl erce ister g¢nlercebuwiuyad wlnarbdlldrr (i IBaui sizreil
zorunl u kur al ara-|laré tekrardan hizmet b°Il gesi
Avrupadbda yapélan bir arakteérmada °zel ot omobi |l
hareketsiz yani mantk eldal imh ke i ge - iGredii jyie tkemad an %8
trafik sékéekékl éjeéenda, %1, 6" séenén park yer.i ar
harcanan s¢renin ger ikekli®ég® alne o5& h mikk tdiid i m ol dufj
Bu istatistika r a - sahiplljinin dezavantajéné ortaya koyr
ara- paylakém u ullflamal aré ortaya -ékméxkter
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1.6% looking
for parking

19 sitting in _
congestion

929% parking

|22

keKLiAlra- sahiplif7i kull anéem s¢reler
FFCS wuygul amal arée bir hizmet b°l gesi tanémée il e
bul undujundan séneérseéez bir alanda hi zmet ver me
bérakél abileceji cojrafymbsénéarylgan dérae l;maektiandéem.
ve bu hi zmet bel gesi i -indeki ara-|larén konuml a
ara-lar yine bu hizmet bel gesi i -inde bitiril me
¢ C r e tme demathiedecektir.
Daki kal ék ar a- kiral ama uygul amal ar é, ar a- t al
-al ékmaktadeér. Ara-larda takip cihazlaré takel e
sayesinde ara-m &rulraul analkédladieret Ak a-1 arén t¢gm bi
uzaktan m¢gdahale edilebil mektedir. M¢Kteriler ar
uygul ama vaséetaséyla kapée a-ma tal elki rada clEwnl Kkrayr
a-élabilir ve ayné zamanda kapateéelabilir. Anah

bérakél mak zorundadeéer.

5. DAKKKALI K ARA¢ KKRALAMANI N ULAKkKI M A¢l SI NDAN FA
FFCS modellerinin kehir yawmyntaé agrddotkamimamka avde |
Ku an i-in b¢yé¢k Kehirlerde ngfusun yojunl akt éJ €
bilinirlifji arttek-a ve yaygénlakteék-a -ok daha
Yapélan bir hiaplekmadiamk@ama-bgslaunmayan d¢kegk geli
ar a- kiralama modellerinin daha b¢y¢k etkiye s
sahiplijindeki beyek maliyetl erden 22 soruml ul uk
FFCS sistemlerinin gelecekte ik d¢nyasénda, e ni
yayogaalj& °ng°r ¢l mektedir. Kadénl arén FFCS ar a-

ger ¢l mektedir. Kadénl ar¢ kusleakk éanld ma skéinkéi,sedr ag¢ vg !
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ol masénéeé, ul akéeémdan keyi f al mayé i sterl er. FF
sajl andejéendan kadénl d3]. i -in tercih sebebi ol mal
FFCS ara- kiralama °zelliklehtgiexa®ileaié iwne i yak o
i htiya-laré i-in en iyi se-enek olarak g°r¢negyo
ol masé y°n¢gyle tercih sebebi olan FFCS sistemle
ucuz olabilmektedif4]. 123

FFCS modell eri ara- sahiplijine iyi bir alternat
olumlu katkelaré ol duju s°ylenebilir. FFCS marKka
filodaki ara-1I|lar -torffiuknlliuk & maa-hliadrdan velywk nealketka d &
ej i i mi de d¢kegnegldegjénde el ektri kl i/ hibrit ar a
sal énéemé ve kullan bérak sistemi sayddinde -evr e
FFCS a a - kiralama model |l eri Kirketler taraféendan
a-él masé sonrasénda Kirket personel |l eri i kK topl
ara-|larené kullanabilirledar kutalmakgymnased a&n madkr etd
bu sistemlere g¢venebil meleri 1 -in kurumsal kull
Kartter. Bunun i-in de sistemin naseéel -al exktej e
destekl enmel idir. Her hangi bir sorunda anénda -
sayede FFCS kurumsal i htl[dl.ya-l ara da cevap verebi

6. FFCS GE¢ MKk K

Car2go 2008'"de kuruldu ve Avrupa, Knudayga@miekli &d
Dri veNow Haziran 2011'de M¢ni h kehrinde hizmete
ShareNow kuruluku hO©kim durumdadér . Sekt%r¢n KKk
Kirketlerinin 2018 yrktiémdaAvbiupakmesiel i heée Ku3 ul
czerinde kayeéetlé ¢(yesi ve 14.000"den fazla ara-t
BMWédi r . Kstatistiksel ol arak (Ekim 2018)r, FFCS
ve yakl akek 32 milyon kullanédg¢/g ile 198.000"den
D¢nya -apénda incelenen FFCS -mbdmbl saghanésabi pl
yé¢zdel erine yoldel gRst g8f.ekmakt abl o
Tablol.Far kl @ model sayeéelareée

Table 5
Presence of EVs in the fleet of CS0s based on the number of different models
provided.

Number of different models of Fleetwith  Fleet Percentages of
vehicles in the fleet of CS0s EVs without EVs CS50s

1 model &0% 40% 15%

2-5 models 0% S0% 28%

610 models 67% 33% 27%

11-20 models 43% o7 % 21%

More than 20 models 33% 67 % 004

7. PROBLEM TANIMI

FFCS wuygul amal aré esnek ve pratik kullaném sunm
en °nemlisi ara-larén istenmeyen yojunlukta daj €



J J
(17" UBAK, 19 20 AugusR023, Ankara (<
UBAK UBAK

ar
- €

Ar

b oolkl Wkjiur,al ama t al ebi gel en b°l gelerde ar a-
ril mesi el zemdi r . AK si taktirde ara-|larén bot

-larén en optimum seviyede kiralanabil mesi Vv
yeni den konumlandérma yapmak gerekmektedir. Az
bl gel erden - ok kiral ama tal edio] rgel ap a-alrar-é yto
konuml andérmak i htiyacé varde Bu problemir] mo
en seyrek kiralandéjeé b°lgelerin tespit edil'mesi

S5 oS99 <O

r
r
Ara- kiral ama davr arneé kféa rzkal néalné kd i gl % sntl eerre bniel nmek t e c
mi ktarda ar a- kiral ama tal ebi ol mamaktadeéer . Bun

kiralama talepleri gel ebil mektedir. Bu sakbepl e
zaman dilimlerini birbirinden ayréexkteéermak ger ek:e

Téem bu bilgiler éx

ée] a ara-larén yeniden konu
i ml er i bazénda yoj

K I

z

d

n ve seyrek kiral aadea t al e
élacak ve il k akamada zam
a en fazla araca ihtiy
dgrs.e il -eler bazenda - a

METODOL @IAMAN DKLKMLERKNKN BELKRLENMESK

FFCSO6de m¢gkteri davranéxkl aré g¢n i -erisinde saa
saatlerinde iklerine gitmek i-in insanlar ara- |
evlierine d°nmek i-in insanlar ar a- kiralama i h
hall edip veya ejlendi kten sonra evlerine d°nmek
fakte°rl erin neler ol abridsélejkekviel Imgrkdiejriinid aarmmlaanra
saatleri incelenmesi gerekmektedir.

bu probl eme o0da

di

da a
Zaman dilimlerdi b a a
BO

8

D

é
|l gel erin se-imi i -d lknt

Kiral ama sayéel aré geéneén farkl é saatl erinde de
deji kebil mektedir. Hafta sonu me s a i alknd varr @meé

deji kebil mektedir. Hafta i-inde iIise pazartesi se&
g°re daha fazla yojunluk olukabil mektedir. Bu

davranékl arénén nasrelge-emiik |keinrda |Ija ma saand talmearki ii-n
keér mak gerekecektir. Dol ayéeséyl a zaman di | i mi

-al éktéreéel acakteéer

Schmel |l er, S. Ve arkadaklaré 2015 yeél érmda& yapn
incelenerek kiralama a man ikeki-R&desi ali duj u @i bi belirlemi ktir
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Fig. 7. Average number of carsharing bookings and private car trips in different time intervals on workdays (blue) and weekends (green). (For interpretation
of the references to color in this figure legend, the reader is referred to the web version of this article.)

kekiAra- kiralama zamanl ar é
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Zaman dilimleri belirl eme ikl emi, -al ékmanén il
akamal arda hizmet alan segmentlere ayreél maseée yi
dilimleri sénéefl aré dojlrdud uke gsmevni tyleesrie kayirtd lkmé
ve gelir tahmini yapmak i-in sénéflandérél mék z
optimum d¢zeyde sénéeflandéeréel mék ol mal édeéer
| 25
MONDAY TUESDAY
WEDNESDAY THURSDAY
FRIDAY SATURDAY
SUNDAY
kek3id¢n bazle ara- kiralama zamanl ar é
AmpudiaRenunco M. , ve arkadakl aré 2020 yél énda yapmeé
ayré ayre ara- ki r aketilf@de zgensa nelfl®fyi e éemwr ddaj el éméneé
Zaman dil i mler:i belirlenmesinde veri Bmaahdanci | i ]
yapél mék -al ékmalar incelenmiktir. Kncaeareasnien °r |
algoritmasé kullanél acakter
geneti k k¢mel eme --mé @xsnaasle game d opid g eare godrairt

~ &
c O
—_—
- C

aneél dtedjr[gl]. g°r ¢ mek
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K-means al goritmasé, kl asi k bir k¢mel eme al gori
tanémlanmék kriterler bazéeénda en iyilexktirerek
[12].
Javed, A., ve anvkpmék!l at duRX02a0eyélaédedmada kul
Tablo26 d e ol duj u Kekil de-mgg@drss eampeti t masAggr 8680
bakl amék ve en yaygén kyl3l anél an sénéflandérl%a

Tablo2.Sénéfl andérirma y°nteml e

Eight bemchmark clustering methods. [1] (Paparrizos & Gravano,

2016),

[2] (Sakoe & Chiba, 1978), [3] (Du et al., 2019), and [4] (Begum et al,

2015).
Clustering Method
: : - Category
Clustering algorithm Distance measure
K-meanﬂ Euclidean
K-medoids Euclidean
Fuzzy C-means Euclidean Partitional
K-means Shape-based [1]
K-means DTW [2]
Density Peaks [3] Euclidean .
J i Density-based
Density Peaks DTW (TADPole [4])
Agglomerative Euclidean Hierarchical
K-means algoritmasé -alékma prensi bi ; b¢yeék
ajéerleklarée bel. l eni r. B¢e¢yéek k¢egmeden al énan
mesafedeki k¢ mey at anéri.n Btus, mmeks¢éameell eerr bt aizné nrdak
atamal aré yapel é Her gel en nokta k¢meekia] er | ék
46te gedderi |l mi ktir
6 6 6
. 2k . 43 ‘ £
¥ " o . . b
0 0 0 X
2 T B R
Tyee . Tex by *Tex z *% .
a Cox “ k4 4 i
cuk
% 4 2 0 2 4 & % ] 2 ] 5 4 L 4 3 ] 3 ] 6
6 6 6
: 5 ; o ; £
x x i x
2 . ‘.{_ .::. 2 ' "'..:' .:- x::.. 2 N \':.:_ :-x,f.
0 x 0 0
al . '.}.-a al . "}.w ” . "}_-a
5, 4 3 o 2 ) T E} 2 0 ] 7T C r} 2 0] 2 i &
Fig. 3. Example for the k-means cluster method.
keldi¥lrnek -al ékma ekran g°r¢nt ¢syé

k ¢ me
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Golalikhanive ar kadakl arée 2021 yél énda yapmék ol duklI &
incelenmi kK en perf aremanrmss ly® n-tealm K ofig]ldyug rut el K r I en

Kstasyon bazleée ara- payl akém uygulaa-nhaalraér &b ahki éznuk
benzeken al anl ara aneraenkst érl gloma k fidsstée rkmil K awnes | Kné K

9. METODOLXIKEE SEGMENTASYON

FFCS uygul amal arée belirl:i hi zmet alanéenda hi|227me
i -erisinde yairme ®kd éal aan i -erisinde aracé Dbér akyEé
ol dujundan kiralama ve m¢gkteri yojunluju il -eder
Bazé il -elerde yojun m¢gkteri ve yojun kdayad saéma t
ve kiralama talebi az ol abil mektedir. Bu durum
segmentl ere ayérma i htiyacéné ortaya -ékar méecxkt éei
Ge-mik veriler incelenerek yapélan kiralekimal ar &
edilebilecek t¢m veril eeecdeilldeen ewéerliniegyre v aad étkaed éa
uygul amasé ¢zerinden il-elerin hangi segmentte
KI -e segmentasyonu i-in veri inadeBwidlignda ayhanp &l
-al ékmal aré arakteéer él méxkt éer . Sonu - ol ar ak, heéezl
algoritmasé kullanél maséna karar verilmixktir.
KNN y°ntemi, senéfl andérma ve regnmteesmloer iinden khu
Temel olarak, yeni se-ilen noktaya en yakéen nokt
komku sayéséné ifade eder. Doj[¥5u sonu- al abil mel
KNN Sénéeflandérma y°séeeam@fl|l andbéamat y¥et emi kit k.i | M
d¢kegk verimlilik ve i1 yi[lelbir k dejer se-imine baj
Random forest ve KNN algoritmlaré benzer «kKekil d
Bayes ise °nemli Oslt-esrdnei Kdt ¢j kr¢. k  Hieosjarpul launka gs®¢ r e s i (o
zaman daha fazl a[l4amana i htiya- duyar

10. UYGULAMA -ZAMAN DKLKMLERKNKN BELKRLENMESK

Zaman dilimlerini; tem kiral ama veri sinin Kir
bel irl eyeazljd zal aG¢ank bda ki ral ama davranéxkl!| ar é de
clustering yapeél acakter. Bunun i -in r ajneadtsmi ner

al goritmaséedeéer. Rampeams nelrdtalekilia ® gookli@em - laanr &

dme cluster_2

> 1379.500 £ 137T9.500

time time
> 1979500 £ 1979.500 > 879 500 £ 979,500
cluster_4 R cluster_1 cluster_5
[ —
1679 508 1879500
cluster_0 cluster_3
1
kekbizZlaman dilimlerinin belirlenmesi sonu-
G¢n i-erisindekhbirbirindemdaon r dii la ynrl éekrtiénriabi | mek amacé
al énméxkt ér . Haftanén 7 g¢neg 1 -in 6 dilimli zam
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-arkamba ve pazar ge¢nloeri ayné kKekilde k¢mel enmi
gemlieayné kekilde kegmel enmi kKt ior ., Belirlenen bu
Bunun i-in de kiralama baxkxlangé- zamanZenané bu |
damgasé ol arak tutulan her bi rmlhbearkil ainlge - e klaamatni
Ekl ektirme yapéleéerken il gild@ gén ve zaman bil gi ¢
Pazartesi | 28

00:00 05:00; 05:00 10:00; 10:00 14:00; 14:00 17:00; 17:00 20:00; 20:00 00:00
Sal &

00:00 05:00; 05:00 11:00; 11:00 15:00; 15:00 18:00; 18:00 21:00; 21:00° 00:00
¢ar kamba

00:00 05:00; 05:00 10:00; 10:00 14:00; 14:00 17:00; 17:00° 20:00; 20:00° 00:00
Per kembe

00:00 05:00; 05:00 11:00; 11:00 15:00; 15:00 18:00; 18:00 21:00; 21:00 00:00
Cuma

00:00 05:00;05:001 11:00; 11:00 15:00; 15:00 18:00; 18:00° 21:00; 21:00° 00:00
Cumartesi

00:00 05:00; 05:00 11:00; 11:00 15:00; 15:00° 18:00; 18:00° 21:00; 21:00° 00:00
Pazar

00:00 05:00; 05:00 10:00; 10:00 14:00; 14:00 17:00; 17:00 20:00; 20007 00:00
11. UYGULAMA -KL¢E SEGMENTASYON

KI -el eri kiralama taleplerine g°re sénéflara ay
Zzaman segmentinde bilgisi kull anél méekteéer . Uygul
Se-i |l ensexNNt amgori t maséder . RNaN | almg anreir tGeoeksied arh @ dke
6 0 d gibidir.
Process
) Process i @ @ K
Retrieve iige. Sequ,.. ?ulz(l Attributes v || g
L
A
v v
Multiply Apply Model
" -9
-y PR >

kekbiKIl -e segmentasyon model
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Belirtilen model -al ékteréldéktan sonra Kstanbul
geneg 6 farkle zaman dil i mi bazénda tahmini kira

al énake Kiélk gibidir.

Row No. predictionfamount) cluster district | 29
1 75.436 11 ATASEHIR
2 44470 11 BAGCILAR
3 100.246 1 BAHCELIEVL..
4 32.464 11 BAKIRKOY
5 42.008 1 BASAKSEHIR
6 45572 11 BAYRAMPASA
7 36.836 11 BESIKTAS
8 23900 11 BEYKOZ
9 34378 1 BEYOGLU
10 54.896 11 CEKMEKOQY
1 25562 1" ESENLER
kek7il - e segmenét asyon -éktes

Zaman pencerelerivatl ep tahmin eaviykbeki BedgPer kKu kKekil
Cumal8 1 & BEYOJLU

Per k e riB & SANGAKTEPE

CumartesilBl 8 & SULTANGAZK

Pazar 224 & KARTAL

Cumal518 & kKkKkLK

122SONU¢ VE KENERR

Bu -aléeékmada FFCS uygul amal arénda zaman dil i mine
yapél méekter. Veri ol arak Kstanbul 6da faaliyet g
Uygul ama ol arak rapidmanét meaygol ampacsé unoddarsstf and vy
tahmin al gorNN nya®snét eontia rtaekr ckk h edi | mi Kt i r .

Akama akKkama uygul amada, °nce haftanén her géng
bakl angé- verilerine gedriel nfixrtklré zKa ndaen ekr¢g me6l eorli:
toplam 42 zaman dilimine bl ¢énmekt gr. Sonrasénd
zaman dil i mi bazénda kiralama talep tahminl eri
farkmanzdili minde ara-laré nereden alép nerele
ol acakteéer. Ayné zamanda hangi bl gel ere kampan
alanendan -ekarmasé gerektijine dair analiz yapt
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Abstract: The main objectives of this study are to improve the validity and reliability of scaling techniques used in
experimental studies and to better understand the physical and thener@mena related to atmospheric icing.

Using a combination of experimental and numerical methods, a scaling method for icing simulation has been
developed that is determined for various wind tunnel limitations. As part of this study, six differenaggng c

were numerically analyzed using experimental literature data. The scaling study was conducted by including the
reference dimensions of these cases in the calculation. Within these conditions, the velocities and temperatures of
each condition differ. Aiese differences were used to determine the limitations and capabilities of the flow field
calculations and scaling. The effects of KO (modified inertia parameter), Ac (accumulation parameter), nO
(freezing fraction), t ((arenergy transfer pagaynetdr)r\Weh (VeberrNungbarr a me t
based on reference length), and other parameters on the icing geometries were also observed. Although deviations
were observed in some cases, the study helped to determine the range in which the stialincpst be applied.
According to our investigations, the simulated ice accumulations are more accurate than previously studied
methods. In particular, the recently proposed icing scaling techniqgues have shown improved accuracy in
reproducing the aerodymaic effects of ice accumulation. The new model also overcomes some of the shortcomings
of previous models by providing a more comprehensive and accurate representation of complex icing phenomena
such as droplet size distribution. As a result, the dropdection coefficient values for all cases are exactly
aligned for the scaled and reference cases. For the scaled cases, accurate results are not obtained when the total
temperature value for the icing values is roughly abdwiegree Celsius and abovedawhen the compressibility

effect is present.

Keywords:Icing, Aerodynamics, Mixed Flows, Scaling, Similitude, Wind Tunnel, Experimental Aerodynamics

1. I ntroduct @on

The risk of icing means degraded aerodynamic and overall performance of the aircrafipmaduct
stability, and compromised flight safety. Moreover, and most importantly, icing can lead to the
malfunction of critical equipment, instruments, and engine failure.

The phenomenon of icing in aviation is becoming increasingly important as the rafraloeidents or
incidents in this field increases over time. In order to understand icing conditions and take precautions
against them, it is possible to study and test the conditions that cause icing. The icing wind tunnel, one
of the most crucial test gmonments, is required to conduct studies in this field. In order to utilise the
icing tunnel, it is essential to dimension the model to be placed in the tunnel and to create the equivalent
icing conditions as in natural icing condit®by varying the sie of the model and icing parameters.
However, it is not feasible to place a {8eze model in an icing wind tunnel because there are few wind
tunnels of this size, and even if a wind tunnel of this size is available, the operating costs are high. For
all these reasons, the model should be reduced to smaller than the actual dimensions and rendered
suitable for the wind tunnel test chamber. This requires varying flight and icing conditions so that an
equivalent icing environment @eated.
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For this reasorthis study will involve scaling an actual case (reference) and comparing this with scaled
case with experimental data from the literature. Understanding the physical phenomena of icing physics
makes it possible to implement this process in an appropnaeer. Most of this will involve equating

the dimensionless parameters governed by icing physics, associated with icing in both reference and
scaled conditions.

The primary factors influencing atmospheric icing are the size distribution of dropletsids,cfcee |
stream velocity, frestream temperature, and tigaiid water content. The size distribution of droplets

is responsible for the trajectories of scattered particles inmgrige object. Therefore, it is crucial to
study ice accumulation and tleéects of the droplet size and their trajectories on the physics of ice
growth.

In previous studies, various methods have been used to gather scaled formations of ice shapes
corresponding to the reference case ice shape. The similarities to be establiseestaling analysis,

are the droplet trajectory, geometry similarity, water catch, flow field, energy balance, and surface water
dynamics. Therefore, different scaling parameters for icing have been proposed depending on the
simulation requirements tme met.

As stated by the authors from Lockheed Aircraft Corporation, a new scaling method has been proposed,
which comprises a set of parameters to be matchetmsof similitudes of droplet trajectory, which

are water catch, and energy balance. Tipasameters can also be expressed in terms of icing physics
notationas,0 ho ,& , @

Dodson et al. from Boeing Airplane company conducted a fyavkich involved the scaling method
with droplet trajectory and water catch similarity that leads to the scaling parameters sufficient for icing
scaling.

A novel scaling method by Ruff et al. was investigated at the Arnold Engineering Development Centre
engine test facility’. This work includes scaled and fidtale versions of cylinder and airfoil sections.

As a result of this work, ice accumulation the specimen was compared to +ease conditions to

prove the accuracy of the scaling method.

The scaling modes include size scaling and scaling of icing conditions, and the similitude is examined
by providing similitude of droplet trajectory, flow fiekhd impact attribute to the amount of impinging
water, and thermodynamics of the ice accretion process.

Several scaling methods have been proposed, which are combinations of similitudes of droplet
trajectory, water catch and energy balance. Differenbawetions of energy balance parameters provide

the similarity of the energy balance. Some other scaling methods are suggested, where different number
of similarity parameters are involved suchhagndo constantp ,0 andé constantp ,0 ,& and
wconstant and , 0 , & , %.and—constant.

The Modified Ruff Method was proposed with a constérf2 Q@ '@i6 & & @pproach is to
compute velocity and obtain reference ice shape with a scaled size model, \&lsobrnigployed in the

current study. This method requires tuning of energy balance, water catch, surface water dynamics, the
droplet trajectory, as well asalingof the geometry and angle of attackrhis research was further
developed by Wang et al. whaed the modified Ruff method to optimise the speed of the simulation

to obtain more accurate results in the icing wind tufinel

In the present work, the primary intention of the scaling method is to extend the effect of surface water
dynamics, which isontained in the scaling method by modifying the conditions &f. The scaling
parameters to be matched are chosen a8 , € , % —andw 'Q for tunnels with altitude adjustment
capability or0 , 0 , € , ®'Q and one of th&.and—parameters for atmospheric tunnels. Th&
parameter drives the selection of scaled velocity.

To take precautions, the consequences of icing should be considered at the initial stages of aircraft
design. In the design and certification phases of an aircraft, evaluation of performance degradation due
to icing and operational limitations under icingnditions have become an inseparable pathef
processComputational analysis and experimentation are performed to evaluate the effects of icing prior
to actual flight. Outcomes of the computational analysis fdlight icing can be accepted as adatgu
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for early design phases; however, for enhanced design and certification, tests simulating-gicfioial in
icing conditions must be conducted to correct the analysis results. The FAA and EASA certification
authorities specify the meteorological icingnditions for certifying an aircraft for safe flight in
Appendix C of 14 CFR Part 25

In the first part of the sy, the modelling and scalingpproachis summarised Then, in the
methodology section, the details of the scaling method and the aétdiesModified Ruff Method are 3
explained, the physical phenomena it covers and analyses, and finally, why it was chosen. Afterwaigs,
the details of the flow field solution and the underlying mathematics are mentioned. In the conclusion
and discussion sdoh, the results of the simulation analysis and flow field solution results of the cases
with the aforementioned experimental data are compared for both the reference and scaled cases. In
these cases, the effects of the parameters determining the simalatiee results are discussed. At the

end of the study, the limitations and capabilities of the simulation study are presented

2. Modelling & Scaling

Scaling methods are techniques used to represent the behavior efcalihircraft in a wind tunnel at

a reduced scale. This is necessary because it is often impractical or impossible to tesake failicraft

in a wind tunnel due to size or cost constraints. Scaling methods allow engineers to test smaller models
of aircraft and extrapolate the resutispredict the behavior of the fidtale aircratft.

2.1.Similitude Parameters

In order to simulate the model geometry in icing tests and achieve similarity in ice accretion conditions,
it is imperative to scale the test geometry, flow field, droplet trajgctotal water capture, and heat
transfer to simulate the desired icing encounter. Studies about icing similitude parameters and scaling
studies have been investigated since the 19706s
be resolved fothe model test conditionBor icing similarity and scaling studies, the calculations of the
physical phenomena that cause aerodynamic icing formation are performed. The physical and thermal
analyses are discussed in detail below. Further simplificaborterivations should be made if the
solution requires a programmed numerical solution. The following similarities which can be seen in
Figure 1 are defined by Andeos, D.N.°.

( N\
DropletTrajectorySimilarity: Aevaluate the possibility of water droplet impinging on
CollectionEfficiency,] the monitoring location

\_ J

>

WaterCatchSimilarty:

Accumulationparameterd AEvaluate normalized maximum local ice thickness

\_ J/
( N\
EnergybalanceSimilarity: AEvaluate how much of the impinged water is going to

Freezingraction € freeze upon impact
\_ J/
( \
Co ZOuter contour of the model geometry should be
Geometry Similarity: identical
\_ J/
( N\
Flow Field Similarity: AReynolds and Mach number should be matched
\_ J/
>

Surface water dynamics
similarity: Weber number, We
\_ J

Aevaluate surface running wateghaviour

Figure 1: Similitude Parameters Definitions
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2.2.Scaling Methods

Scaling methods are techniques used to reproduce the behavior edcalalbircraft in a wind tunnel

at a reduced scale. This is necessary becausefiten impractical or impossible to test a fetlale

aircraft in a wind tunnel due to size or cost constraints. Scaling methods allow engineers to test smaller
models of aircraft and extrapolate the results to predict the behavior of tsedidlaircaft.

There are several approaches to scaling methods in icing wind tunnels. One approach is to use geonétic
scaling, in which the dimensions of the aircraft model are scaled down in proportion to the size of the
full-scale aircraft. For example, if thellfscale aircraft is twice the size of the model, the model would

be scaled down by a factor of two in each dimension. This approach is based on the principle of
similitude, which states that the behavior of a system is independent of size as longasstioé the

relevant dimensions are maintained.

Anot her approach is to use dynamic scaling, w h
proportion to the size of thefel c al e ai rcr aft . However, the model
maintainthe same dynamic behavior as the-Bdale aircraft. This approach is based on the principle

of dynamic similitude, which states that the behavior of a system is independent of size as long as the
ratios of the relevant dimensions, mass, and inertimaretained.

Scaling methods in icing wind tunnels should take into account the effects of ice on the aircraft
performance. Scaling can be challenging, as the behavior of ice on an aircraft's surfaces is highly
dependent on the size and shape of the draafwell as the temperature and humidity conditions.
Engineers must carefully consider these factors when selecting a scaling method and applying it to test
results.

Overall, scaling methods are essential in designing and testing aircraft in icingimmedst They allow
engineers to test smaller models and predict the behavior-stall aircraft under real icing conditions,
which helps ensure flight safety and performance inweald operations.

Previous studies have used various strategies étecaescaled ice shape that matches the reference ice
shape. The simulation of geometry, flow field, droplet trajectory, water catch, energy balance, and
surface water dynamics are mentioned in the literature in the context of scaling analysis of ice. The
similitudes of the former are fulfilled by calculating scaling parameters for each similitude parameter
and comparing them for scaled and reference situations. Defining the scaling factors and determining
their strength and significance has proven chaileng

Nevertheless, following the procedure of the scaling study is only possible with a good understanding
of the physics and calculations of similitude calculations. Scaling will start by solving a set of equations
of the previously mentioned similitudefameters of the scaled and reference values to determine the
scaled case. For the tests using the sea level wind tunnel, 5 test copdiaometersieed to be
determined. These are temperature, air speed, MVD, LWC and exposure time. For pressuréeadjustab
wind tunnels the number of parameters is 6, with the addition of pressure. In addition to these
parameters, there are two parameters that are important to match but are not possible for icing conditions
as mentioned in previous explanations, namely R# Ma values. After these operations, droplet
trajectory and water catch values are matched after keeping the external geometry of the model and
AOA values the same. The remaining unmatched values are calculated by solving the energy balance
equations.

Therefore, several icing scaling factors have been recommended based on the selected similitude
parameters, and various combinations of these values have been used as scaling methods to generate
similar ice accumulations. Those that have been selecteddattlly are,

1 0 ; Modified inertia parameter,
1 O ; Accumulation parameter,

1 T ; collection efficiency,
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¢ , freezing fraction

@) relative heat factor,

—-air energy transfer parameter, 135

1

1

1 %o droplet energy transfer parameter

)l

T o Qhsimilitude of surface water dynamics.
)l

"Q  ¥Q water film thickness.

When these six parameters are matched geometry, flow field, energy balance, flow field, water catch,
droplet trajectory, and surfaseater dynamics are equivalent, which ensuresliside .

Most of the scaling methods and their researchers are mentioned in the literature review part of this
study. However, one of the most important and reliable works has been selected in order to be utilized
in the developed computer code irststudy As a summary

Tablel can be seen to which parameters to be matched for specific works.

Table 1: Literature Comparisoh

K, A ny b 1] (7] We;
Hauger et al. v v
Sibley et al. v v v v
Jackson et al. v v v v
Dodson et al. v v
Armand et al. v v v ' v v
Ruff / Wind tunnel with altitude
capability v v v v v v
Ruff / Sea Level Wind tunnel v v v v

The Modified Ruff method is a method for predicting the behavior of &dalle aircraft based on testing

a reduceescale model in an icing wind tunnel. The method is based on the principle of similitude, which
states that theehavior of a system is independent of size as long as the ratios of the relevant dimensions
are maintained

Modified Ruff Methods similitude analysis derivation of scaling method. Ruff Method is matching
Weber number (surface tension) by addindem& water dynamics. For ice accretion similitude, the
droplet trajectory similarity, the similarity of the total mass of liquid water impingement of the surface,
the energy balance similarity, and surfazsgter dynamics similarity should be satisfied aftiee
geometry and flow similarity is achieved. To provide that, modified inertia parametgr (
accumulation efficiencyf (), accumulation parameteo (), freezing rate& ), and droplet energy
transfer parametéj and Weber numbecQ) are to ke matched.
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Inputs

Scaled Method

Reference Lenght
Reference Velocity — Results

Kc},x' = Krm
Reference Temperature waled Le aloci

Bos = Bo Scaled Lenght or Velocity |36
Reference Pressure o o

Scaled Temperature
Reference MVD As = A
- - Scaled Pressure
Reference LWC Ops = O
. Scaled MVD

Reference Exposure Time

Hps = Mg Scaled LWC
Scaled Lenght or Velocity calec ’
Scaled Total Pressure Weios = Wewu Scaled Exposure Time

Figure 2: Modified Ruff Method Parameters

The Modified Ruff method differentiated with constanf) approach is suggested to compute velocity

and for obtaining reference ice shape with a scaled size model which is the method employed in this
work. This method requires adjustment of energy balance, water catch, surface water dynamics, the
droplet trajectoy as well as modelling of the nondimensional geometry and angle of atteckcaling

parameters to be matched are selectéd as , € , w, %and—w ‘Q for tunnels with altitude capability
orv ,0 ,& ,0Q and one of the parameté&sand —for sealevel tunnels.

Table 2: Modified Ruff Method test and similitude parameters

Test Parameter Modified Ruff Method
® User Select
0 j %o %o
w User Selects omy & —
0 O Ofp UF
0 Er €5
T O0r O
N User Selects or— —
3. Results

In order to validate the icing software and the similitude model described above, six test cases were
selected exhibitingufficient variation in the icing parameters and also have experimental ice shape
data. Modelling and scaling were performed to determine the limits of the numerical approach.

The test cases shown in

Table 3 are weltknown test cases widely used by researcheThese cases were first solved and then
downscaled. In some cases, upscaling was also attempted. The variation of the parameters presented by
these casgwrovide valuable information for validation.
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Table 3: Experimental Cased

Figure  Airfolil Chord A.O.A Velocity Static (Total) Pressure  Humidity LWC MVD Exposure
Temperature Time
Cases NACA m. Degrees ml/s °C kPa RH%  g/m Microns Seconds

27 0012 0530 4.0 5810 -27.8¢26.00) 9561 100.0 1.30 20.0 480.0
32 0012 0530 4.0 5810 -28¢1.12) 9561 100.0 1.30 20.0 480.0
33 0012 0530 4.0 93.89 -30.5¢26.11) 92.06 100.0 1.05 200 372.0
34 0012 0530 4.0 93.89 -16.6¢12.20) 92.06 100.0 1.05 200 372.0
35 0012 0530 4.0 93.89 -12.2¢7.81) 9206 100.0 1.05 200 372.0

| 37

The aim of scaling these cases is to yield the exact icing contours in scaled conditions as in the reference

conditions. However, the numerical scaling apprazehperform satisfactorily only in some conditions.

Therefore, these cases with different conditions were studied to comprehend the scaling method's limits.

3.1.Case27

Reference and scaling conditions for case 27 are stat@dhle 4 and Table 5. In this case, the
temperature and velocity are low, suggesting incompressible flow and a typical rime ice condition.

Table 4: Physical Conditions for Case 2%

Case Type NACA AOA Chord Tst Ttot \% MVD LWC texp Prot Pst
deg (m) 3) 3) (m/s) ( C)mj (@/m”3)  (s) (kPa) (kPa)

27 Ref 0012 4 0.530 -27.8 26.12 58.10 20.00 1.30 480.00 97921 95610

27 Scaled 0012 4 0.265 28.20 24.84 82.17 11.44 1.49 147.75 100000 95342

Table 5: Similitude Parameters for Case 27

a d
Case Type Ko bo Ac No b (K) (K) Reynolds WeL Mach

27 Ref 1.807 0.684 2.358 1.129 0.572 27.4 35.6 83811 869764 0.185
27 Scaled 1.807 0.684 2.358 1.129 0.553 27.4 34.4 71345 869764 0.262

As can be seen ifable 5, four of six similitude parameters are identically matched, and the remaining
two (wand—) are fairly well matched. The collection efficiency distributions and ice shapes presented
in Figure 3 show that the similitude approach successfully solves the reference case. The ice shapes
illustrated inFigure 3 show typical rime ice characteristics, with ice shape being generally smooth,

following the contours of the airfoil leading edge.
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Experiment
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I Airfoil
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Figure 3: Case 27 Ice ShapésDroplet Collection Efficiencies

The selected scaling parametersTable 5 have been effectively aligned with the intended level of
confidence, as evidenced by the findings presenté&igire 3. The scaling technique has yielded ice
shapes that is indistinguishable from the reference case. However, it is important to acknowledge that
the computed ice shape does not exhibit wavy contours present at the upper and lower gt of th

which is prominently observed in the experimental ice shape but still, experimental ice shapes and ice
shape predictions of scaled and reference case are in a good agreement. Besides, it can be easily said
that collection efficiencies are in a patf@greement on reference and scaled cases which can be seen

in Figure 3. Both in terms of impingement limits and droplet collection efficiency values. This affinity

can be interpreted as an indication that the calculations of the scaling analysis work very well.

The computed ice shapes are also in very good agreement with the experimental ice shape. However,
this is not a really challenging test case for the numemeghod because all the droplets freeze upon
impact, establishing energy balance is trivial.

3.2.Case 27 with all parameters matched

For this case, unlike the case mentioned above, the two parameters that were not matched were matched.
There is no significardifference in the icing predictioseen inFigure 4 result obtained by matching

all of the parameters shownTiable 7. However, the difference between the reference and scaled cases
has increased in the change of Reynolds number values. Although this increase in variation leads to
differences in geometric similarity and flow simitg, the effect oricing accretiorresult is negligible.

Table 6: Physical Conditions for Case 2%

Fle»dvB) e« T Tor d5F  4.- Fe <

(m) @) (m/s) (Om) (@m*3) (s (kPa)
Ref 0.530 -27.80 -26.12 58.10 30.00 1.30 480.00 97921
Scaled 0.265 -28.20 -24.84 8217 16.54 1.44 152.96 87206

Change 1/2 -14%  -49% 41.4% 44.9% 10.9% 68.1% 10.9%
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Table 7: Similitude Parameters for Case 27

L 5 + - ® PR dm  Tw U

Ref 3.398 0.791 2.358 1.025 0.662 27.40 35.564 83811 8.70E+05 0.185
Scaled 3.398 0.791 2.358 1.025 0.662 27.40 35.564 51688 8.70E+05 0.262
Change 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 383% 0.0% 41.5%

|39
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Figure 4: Case 27 Ice Shapes

3.3.Case 32

Reference and scaling conditions for Ca3au® provided and tabulatedTiable 8 andTable 9. In this
case, the temperature is close to the freezing temperature and velocity is still in incompressible range.
The freezing fraction of the stagnation poirdlimost zerphen@ glaze ice characteristics are expected.

Table 8: Physical Conditions for Case 32

Case Type NACA AOA Chord Tst Tiot \% MVD  LWC texp Prot Pst
deg (m) @) @) (ms) ( Om (gm3) (s) (kPa) (kPa)

32 Ref 0012 4 0.530 -2.80 -1.12 58.1 20.00 1.30 480.0C 97706 95610

32 Scaled 0012 4 0.265 -3.20 0.16 82.17 11.47 1.07 207.0Z100000 95764

Table 9: Similitude Parameters for Case 32
Case Type Ko bo Ac 1o b 4 ( d ( Reynolds We. Mach

32 Ref 1.7840.6822.3580.0950.573 2.4 2.9 70321 869765 0.176
32  Scaled 1.7840.6822.3580.0950.399 2.4 2.0 49941 869765 0.249
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Within the selected scaling parameters, the reference and scaled ice shapes are very close, as seen in
Figure 5. As a result of theovalue being well below unity, it is possible to say that this icing formation
is glaze ice. Although thkeaksis not predicted by the calculationisut location of thébeaks are well
predictedits size is underpredicted compared to the experimental ice shape. It is a known fact that glaze
ice predictions usually are worse than rime ice predictions due to mixed characteristics of ice and water
thermophysics

|40
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Figure 5: Case32Ice Shapeg& Droplet Collection Efficiencies

3.4.Case 33
Reference and scaling conditions for Ca3ar@ given in

Table 10 andTable 11. In this case, the temperature is well withime ice range and the velocity is
highto be in incompressible flow rangkerefore ice prediction method is not expected to be perfectly
aligned with reference and scaled ca3é® freezing fraction of the stagnation point is vasler the
unity; henceaime ice characteristics were indeed obsehas shown ifigure 6.

Table 10: Physical Conditions for Case 38

Case Type NACA AOA Chord Tst Tt V MVD LWC texp Pt Pst
deg (M) @) @) (ms) (Om (gm3) (s) (kPa) (kPa)

33 Ref 0012 4 0.530 -30.50-26.1193.89 20.00 1.05 372.0098020 92060

33 Scaled 0012 4 0.265 -31.56-22.78132.7811.27 1.12 122.7€100000 88266

Table 11: Similitude Parameters for Case 33

Case Type Ko bo Ac n b d (1d ( Reynolds WeL Mach

33 Ref 2.4320.7392.3851.0690.64729.5 359 133039 22713720.301
33 Scaled 2.4320.7392.3851.0690.58629.5 32.6 90909 22713720.426
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Figure 6: Case 33 Ice Shapes & Droplet Collection Efficiencies

The selected scaling parameters are successfully matched at the desired confidence level also for this
caseeven the compressible region is presence for scaledasaseein Figure 6. The scaling method

predicts the ice shape very closely for the scaled case compared to the reference case, including the
prominenthorntlike structure athe upper surfaceith a small deviationThe ice accretion prediction

code accurately predicts the experimental ice shape, including the size and location of the above
mentioned hor#like structure. Furthermore, the droplet collection efficiency values &r this
particular case exhibit a high level of consisteasghown inFigure 6.

3.5.Case 34

Reference and scaling conditions for Cadai@ provided and tabulated ifable 12andTable 13. In

this case, the terapature idow, and velocity is still in incompressible rang@ reference case and
compressible region for scaled catbe freezing fraction of the stagnation point is below unity; hence
glazeand mixedce characteristicareexpected.

Table 12: Physical Conditions for Case 34

Case Type NACA AOA Chord Tst Twt V MVD LWC texp Pt Pst
deg (m) @) () (ms) (Om (gm3) (s) (kPa) (kPa)

34 Ref 0012 4 0.530 -16.6C-12.21 93.8¢ 20.0C 1.08372.0C 9769C 9206(

34 Scaled 0012 4 0.265 -17.6€ -8.8€ 132.7¢ 11.31 1.04132.77 10000C 88857

Table 13: Similitude Parameters for Case 34
Case Type Ko bo Ac n b d (1d ( Reynolds WeL Mach

34 Ref 2.423 0.73¢€ 2.38¢ 0.581 0.64¢ 15€ 198 12032( 227137: 0.29z
34 Scaled 2.423 0.73¢ 2.38% 0.581 0.54¢ 15€ 16.9 8273z 227137 0.414
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Figure 7: Case 34 Ice Shapes & Droplet Collection Efficiencies

Within the selected scaling parameters, the reference and scaled ice shapes are very close, as seen in
Figure 7. As a result of theawvalue being below unity, it is possible to say that this icing formation is
glazémixedice. As clearly shown in Figure 7, the icing prediction worked identicallydtarence and

scaling, but failed to predict the experimental détes a known fact that glaze ice predictions usually

are worse than rime ice predictions dueniged characteristics of ice and water thermophysics

3.6.Case 35

Reference and scaling conditeofor Case 35 are given Trable 14 and Table 15. In this case, the
velocity is sufficiently high for higkspeed flow effects to be considered. The freezing fraction of the
stagnation point is below unity; therefore, mixed/glaze ice characteristics are expected

Table 14: Physical Conditions for Case 35

Case Type NACA AOA Chord Tst Thot \% MVD LWC texp Prot Pst
deg (m) 3) 3) (mis) ( Om (gm"3) (s) (kPa) (kPa)

35 Ref 0012 4 0.530 -12.20 -7.81 93.89 20.00 1.30 372.00 97593 92060

35 Scaled 0012 4 0.265 -13.25 -4.47 132.78 11.32 1.18 145.25 100000 89027

Table 15: Similitude Parameters for Case 35

a d
Case Type Ko bo Ac No b (K) (K) Reynolds WeL Mach

35 Ref 242 0.738 2.953 0.363 0.803 11.2 14.1 116678 2271372 0.290
35 Scaled 2.42 0.738 2.953 0.363 0.621 11.2 34.2 71345 2271372 0.411
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Figure 8: Case 35 Ice Shapes & Droplet Collection Efficiencies

The selected scaling parameters could not be successfully matched at the desired confidence level for
this case as can be seerfrigure 8. Although the solution of the reference model and the-Bbaped
structure of the experimental data overlap approximately, they do not match exactlyit@uphygsics

of glaze ice and high velocity, these approaches give an approximate value but are only partially
accurate. In this case, the droplet collection efficiency values also started to deviate slightly from each
other as the difference in ice shagemted to become more noticeable as it can be sdegure 8.

However, the droplet collection efficiency values of the reference and scale cases are stillblgmarka
close to each other. This shows that the scaling calculations were performed successfully regarding
droplet trajectory physics.

The ice accretion predictions do not show good agreement between the reference and scaled ice shapes;
both predictions devia from the experimental ice shape, especially regarding the horn angle. This
discrepancy can be attributed to the limitations of the computational tool used, which may not be
dependable in accurately calculating the amount of increased velocity inlthg aod, consequently,

the highspeed effects. If one examines the similitude parameters preseiitglolerl5, the reference
freestream velocity is 93.89 m/s and Swaled freestream velocity is 132.78 m/s, corresponding to
M=0.29 and 0.41 respectively. The reference condition is at the limit of the generally accepted threshold
for compressibility, while the scaled condition is wellove the same threshold, rendgrthe flow

regime different which certainly contributed to the discrepancy.

4. Conclusion

In this study, scaling and icing prediction calculations were performed for six cases. For cases where
experimental datavere available, the accuracy of the resulting ice contouese validated by
performing ice shape and droplet collection efficieraalculationsof the reference and scaled
conditions This way, the scaling calculations' limitations and accuracy are understood

In the first step of the study, the concepts and calculations of modelling and scaling of icing are
explained. Afterwards, the sizing methodology and the reasons for its selection are explained. Modified
Ruff Method calculations and approaches selefbeddimensioning are mentioned. Then the ice
accretion prediction method used in the study is explained. Then, the results of the reference and scaled
icing solutionswere obtaineénd compareselocities

In general, all parameters related to icing witthie dimensioned models have been matched except for
wand—values. Equatiation ofcyand—valuesare conductedbut this requires the pressure values of
the dimensioned environment to be much lower dxabient requiring altitude capabilitgnd ha no
significant effect on the outcom&herefore, there is no need to incur costs for the production of a
pressure regulating icing wind tunn&he results obtained are exactly accurate for rimewbie they
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are mostly in good agreement for mixed glakze ice conditions. Besides, droplet collection efficiency
values are in a perfeagreementor all casesAs outcomes of this workhese calculations would not
be entirely accurate for high speed and elevated temperdtuader tobe specific, aaarate results
were not obtained if the total temperature was abbV€ or high-speedeffects wereresent.

Due to inherent issues related to glaze ice modebing differences in flow regimes, additional
similitude parameters to be matched and matheaiatiodels with higher fidelity regarding glaze ice a4
are requiredin spite of the shortcoming of the methods presented, the approach used in the current sthdy
canproduce accuratand valuabledata for the sizing and design of an icing wind tunnel within the
limitations.
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Abstract: The icing wind tunnel (IWT) is a critical tool in the simulation and analykise formation on aircraft
surfaces, as well as a fluid mechanics test facility with unique characteristics and-defus#id purpose. This

paper discusses the various components required to simulate atmospheric conditions such as temperature,
humidity,and air velocity. In order to design this type of tunnel, it is necessary to know the actual conditions to be
modeled. These conditions have been carefully studied by NASA, and these studies have also been used by the FAA
to establish new regulations. Bakon two different types of icing clouds in particular, this regulation provides
detailed mean volumetric diameter (MVD) and liquid water content (LWC) data for stratiform and cumulus clouds.

It includes MVD and LWC values crucial to icing, as well aspenature, altitude, horizontal extent, and cloud

type. Appendix C of 14 CFR Part 25 can be used as an input set for wind tunnel design so that the environment
created by the IWT matches actual icing conditions. Hence, the primary focus of the studytavithdxet the
stringent regulations and guidelines provided in Appendix C. This includes overcoming challenges such as droplet
size uniformity, airspeed calibration, and temperature control. In this research, calculations were carried out
using a standardied approach to ascertain the necessary design specifications for a wind tunnel, with a particular
focus on MVD and LWC parameters. Furthermore, the study examined the variability and prerequisites of icing
parameters, aiming to identify the key parametbeg will determine the design of the wind tunnel, considering
various factors. Ultimately, the study concluded by calculating and dimensioning each component of IWT to be
developed and ensuring that the wind tunnel to be developed adheres to all tieeauitned in Appendix C.

Keywords:l ci ng, Wind Tunnel Design, Appendix C of 14 Cf
Aerodynamics

1. I ntroduct @on

The research will commence by conducting a comprehensive review of existing academic literature and
technical reports that pertain to the design and operational parameters of icing wind tunnels.
Additionally, the research will provide an overview of the current understanding of icing scaling
limitations and their implications on wind tunnel testing atlans.

lcing wind tunnels are specialized testing fac
performance. These tunnels are designed to repl
all owing engineers tsooassa@ssaihcecwaif¢é sasuaumalcatse a
aerodynamics. lcing wind tunnels are used by ai |
around the world to ensure the safety and perfor
Tkere are a number of icing wind tunnels |l ocate
Nati onal Research Counci l of Canada's |l cing Rese
the |l argest and most advamded si wiseg wiond etstnmaélr g
type$he NASA Glenn Research Center's lcing Rese
tunnel is operated by the National Aeronautics

t he i mpcaectonofaircraft performance, as welil as ot
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The DLR Institute of Aerodynamics and Flow Tec
Germany: This tunnel i s operatedadbysthee®Get marmt
i mpact of ice on aircraft performance, %as well &
These are just a few examples of the many icing
pl ay a vi tdadsirgonl eanidn stalfeety of aircraft, hel pin
performing safely and reliably in icing condIthi(
Tablé6doel ow | ists the icing wind tunnels with th
insufficient for the aerospace industry. Mor eove
in Turkey, although t he whurbki 4t agper anpgpa de uinrddu s tr

Mi ni m
test i
temper
Cel si

t Ef f ec LWC,

tes drop
sect sizm, g/°m
m/ s

Regi onal

Contorisia T-4 2x1.5x 70 8i35 0.1P3%
Regional . .
Centortsia T5 3.4 x . 100 1640 0.i2 1
ClAM, Tura S1A 1.5 (CO0.5 N 30 2.5 30
NASA USA I RT 2.74 x 175 1550 0.i2. ' 32
NRC, Canad PIWT 3.1 x 6 54 1550 0.15. 30
CIRA,° Ital I WT 2'256" 150 15250 0.15 40
Boeing® US BRAIT 1'(2521" 128. 1540 0.i3 32
Gl enn
NASA, 2USA Resear 1.8 x 2 168 15275 0.1& 30
Tunnel
RTO, Vienn. 1wr 3% 4 8o 1540 0.i% 30
BF Goodrlc I WT 0.56 x 268 1050 0.i8 32
SgL'Lff | | WT 0.56 x 102 5150 0.iB 43
AECD, TN U R-1 D 0,914 268 1540 0.-3. 29
Le Clerc
Laborat oriy LI RL 0.71 x 98,5 1550 0.2% 30
Le Clerc .
Laborat oriy 1.22. x: 54 1550 0. 2% 30
Fl ui Dyne, I RT 0.55 x 273 10635 0.-% Ambi en
Rosemount, | WT 0.254 94 1540 0.-B 30

2. Determination of icing Wind Tunnel Design Limitations

Requirement for wind tunnel that will be designed within this work scope, will be determined by ice
formation testing needs. A vast parameter work will be conducted to finalize wind tunnel aerodynamic
and mechanical variables. The present study presentietiign of an icing wind tunnel that aims to
replicate the majority of the icing conditions outlined in 14 CFR Parts 25 and 29, Appeiitier€fore,

wind tunnel must satisfy the conditions illustrated=igure 9 andFigure 10. Besides, wind tunnels

should be equipped with spraying nozzles to control LWC and MVD of the tieiwind tunnelTo
accomplish this objective, this part discusses and identifies the constraints of the wind tunnel design and
the specification of necessary equipmérable 17 is provided, outlining the specific test conditions
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required to achieve the desired outcome, along with the factors that influence these conditions and the
equipment that determines them.

Table 17: Simulation Capabilit Determination

Test CoiDetermine Limitation
o ¢ Test Section Blockage |47
4 < lcing capabil Cooling Power and Co
. ~ Mechani cal strength
—— Al tit wdadand Cost

Effect on droplets t
mot or power

T -1 compressibil i mpi ngement . Fai ks piere
P effects.

Jj-n-n- lcing capabil Spray bar type and c¢

=|f|= lcing capabil Spray bar type and f

w Cooling requilLiquid nitrogen capa

Turbul eMesh screen slce accretion on mes
i ntensquantity, heawind tunnel

2.1.Icing Envelopes

National Advisory Committee for Aeronautics, NACA, had placed extensive work on icing
investigations both exper i M&Theselworks have beemasedbyt i ¢ a |l
the Federal Aviation Administration (FAA) in order to create megulations for operating of aircrafts

in atmospheric icing conditiort§

FAA accepted two standard envelopes for the certification of transport and jet air vehicles for two
different icing envelopes which are the continuous and intermittentecinglopesThe design criteria

for icing protection systems are based on the parameters which are LWC, droplet diameter, temperature,
altitude, horizontal extend and the type of cloud.

In the Figure9 andFigure 10, Distribution of liquid water content (LWC) versus droplet diameter for
different amipent air temperatures can be seen. These data are introduced for different altitude and extent
of the cloud for stratiform clouds and cumuliform clouds. Cumuliform clouds represents intermittent
maximum icing and stratiform clouds represents continuousmoai icing.
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CONTINUOUS MAXIMUM (STARTIFORM CLOUDS)
ATMOSPHERIC ICING CONDITIONS
LIQUID WATER CONTENT VSMEAN EFFECTIVE DROP DIAMETER

L. =22,0001t.
aximum vertical extent, 6, 500 ft.
orizontal extent, standurd distance of 17.4 Nautical Miles

|48

SOURCE OF DATA
NACA TN NO, 1855
CLASS [1I-M CONTINUOUS MAXIMUM

Figure 9: Continuous maximum atmospheric icing conditions for stratiform clétids

INTERMITTENT MAXIMUM (CUMULIFORM CLOUDS)
ATMOSPHERIC ICING CONDITIONS
LIQUID WATER CONTENT VSMEAN EFFECTIVE DROP DIAMETER

1. Pressure altitude range, 4, 000-22, 000 ft.
2. Horizontal extent, standard distance
0f 2.6 Nautical Miles

SOURCE OF DATA
NACA TN NO.1855
CLASS [1I-M CONTINUOUS MAXIMUM

.
NOTE: DASHED L INESINDICATE POSSIHLE|
EXTENT OF LIMITS

Figure 10: Intermittent Maximum Atmospheric Icing Conditiots

2.2.Scaling the Size of the Object
2.2.1. Blockage in Test Section

The speeds mentioned in the literature survey regarding wind tunnel test sections typically pertain to
test sections that are not occupied. Therefore, the actual airspeed achieved in practice is contingent upon
the level of blockag and the drag coefficient associated with the test assembly. For instance, in the case
of the IRT (Institute for Research in Technology), it has been approximated that the maximum speed
decreases from 192 m/s (430 mph) in an unoccupied test section tw'L&8H0 mph) when a model
assembly with 5 percent blockage and a drag coefficient of 1.7 is insfalled

Hence, it is comprehensible that the calculation of blockage, a crucial factor in determining the
dimensions of the test chamber, was undertakiasmaximum blockage rate was found to be 5 percent,

and based on this rate, the optimal size of the model to be accommodated in the test chamber was
determined. This size was deemed adequate for conducting icing flow field analysis and scaling.

Table 18: Test Section Blockage

Test Section Allowed Cross Section  Utilization Thickness Chord
Area Blockage Area of Model of Test
section w/

span
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pa 5% TI8T W 100% 0.05m 0.416 m
pa 5% 8T W 75% 0.067 m 0.555 m
pa 5% 8T W 50% 0.1m 0.833 m

The chord length of 0.833 meters was determined as the largest model size for the icing wind tunnéflt%
be designed. Considering the scaling limitations discussed earlier, when the maximum scaling reduction
of 1/4 is calculated, thisanslates to a chord length of 3.33 meters under real conditions. This size is
more than sufficient to test the icing characteristics of many aircraft with scaling, for example the ATR
72, in the wind tunnel.

2.2.2. Temperature

Temperature control in the icingind tunnel is achieved through the utilization of cooling systems.
These systems incorporate a heat exchanger positioned within the wind tunnel, enabling the air
circulating through the closedrcuit wind tunnel to counteract the conditions that leahaperature
adjustment within the wind tunnel.

The majority of wind tunnels discussed in the existing literature are capable of cooling de&dn to
degrees Celsius, which is the desired level of cooling for this particular study. However, in instances
where additional cooling is necessary, the injection of liquid nitrogen into the wind tunnel is employed
to temporarily lower the temperature bele®® degrees Celsius. The specific duration for which this
enhanced cooling is sustained will be comprehensiesgribed and calculated in the design section of

the wind tunnel. Nevertheless, for the present moment, taking into account cost considerations, it has
been determined that a cooling system capable of maintaining a temperaiB@edefgrees Celsius

within the test chamber is the most suitable option. For temperatures lowe3Gligrees Celsius, the
expected exposure time by injecting liquid nitrogen into the flow is planned to be at least 15 minutes,
provided that the temperature of the test chansbkept constant a0 degrees Celsius.

2.2.3. Airspeed in Test Section

On the other hand, if the velocity is high, ice shape damage and compressibility effects should be taken
into account. Based on the literature and market research, the minimum MVD size that can be calibrated
and applied is 8 microrfS. In Figure 11, shows MVD values as a function of scaling ratio, while the
redline is the limitation of the minimum MVD generation; therefore, working below that line is
impractical. Corsidering this and the results of the sizing studies, facility, and physical fundamental
constraints, 0 &c at)doesgot seen fensiblel thege outcomes are also in agreement
with the works conducted by Anderson efl.

Even if highervelocities than 155 m/s can be achieved, compressibility effects should be taken into
account, and it needs to be kept in mind that the assumption made for scaling ignores the compressibility
effects. Therefore, it is generally accepted that 150 m/siteladhe test section is an upper limit for

the icing test applicatiorfd. This can be seen in and visualized with a dashed redline for the limitation

of airspeedinthe test sectidfigure 11al so st ates that ®dal i)mapling act or
ratio is not feasible for wind tunnel applications. This scaling ratio is even reduced to 1/2 for the
reference cases witlirspeeds of 100 m/s and above.
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Figure 11: Velocity vs. scaling ratio
224. LWC

Comparison of Appendix C envelopes and generic spray bar calibration curve, highlights the limitations
of current water spray nozzle technology used in icing wind tunnels. Thegeraizing nozzles, while
allowing some control over water flow rate andplet size, do not provide complete independence in
achieving the desired liquid water content (LWC) and median volume diameter (MVD) ranges. As a
result, the capabilities of icing wind tunnels in reproducing certain ranges of LWC and MVD are
restricted. h detail, spray bars are struggled to replicate the high LWC and small MVD of the
intermittent maximum icing envelope, as well as the low LWC and large MVD conditions in the
Appendix C envelopes. In theory, increasing the number of spray nozzles ccatdetie LWC for

low MVDs. However, incorporating a larger number of spray bars and nozzle locations into the system
would be challenging, as it would significantly complicate the speaysystem and potentially lead to
increased flow blockage and disiort %,

Furthermore, the challenges encountered in obtaining liquid water content (LWC) values are evident.
Previous studies in the literature have reported LWC values ranging#oin©8t"QYa  in various

icing wind tunnels. It is believed thatebe values can be achieved using standard spray bars.
Consequently, in order to comply to the envelops outlined in Appendix C, LWC values within the range
of T 0 ©81"Fa were chosen. The accuracy of these selected values will be assessed through
subsequent calculations.

2.25. MVD

When the model size is reduced, the droplet size decreases, and freestream velocity needs to be increased
accordingly. Depending on the test equipment, there are limits on the minimum droplet size and
maximum velocity that canebachieved steadily, and if the droplet size is too small, the droplets may

not even impinge the surfacBupplying a minimunsize MVD is a problem. However, this problem

could be solved at a certain level by a spray system and nozzle calibration. @lgteantical minimum

MVD size is essential to get precise and validated icing conditions in an icing wind tunnel. If the required
MVD size fails to be produced, largeale geometries and higpeed velocities in the test section must

be supplied. Howevethese two conditions have their own physical constraints. In addition to the above,

the scaling size determines almost all the values of the wind tunnel, together with all the icing physics
parameters.

Figure 12 illustrates the relationship between the mean volume diameter (MVD) value and the scaling
ratio. The decline in MVD values as the scaling ratio decreases indicates the limitations ofiige scal
ratio in comparing the smallest droplet size that the spray bar can generate. The reHigoeeith2
represents the minimum droplet diameter achievable, and amealysis, it can be determined that the
limitation for this issue is approximately 1/8 76 ¢ . In the reference case, the scaling ratio also
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Figure 12: Droplet size distribution vs. scaling ratio

In addition, Figure 13 shows that the scaling calculation made in this graph has very little effect on
MVD and LWC values with different chord length but same scaling ratio. When the reference
dimensions for the sae cases are calculated with length, it is seen that the lines overlapped exactly for
each MVD value. So, it can be easily said that valudsgiire14is independetrof characteristic length

but dependent on test section air speed, in order to yield reasonable approach in this graph, worst case
scenario, the highest airspeed (100 m/s) in test section is taken into account. For lower airspeed values,
the upper part dhe nozzle LWC lines stretches to higher values.

The limitations of the wind tunnel are determined by the physical characteristics of the icing formation
are shown in thé&igurel4. In addition, it is shown where it stands according to the cumuliform and
stratiform envelopes defined by 14 CFR Parts 25 Appendix C. Here, 7 reference cases have been
identified and scaling calculation performed for different scaling ratios. Scalingatédas of these

cases were made and shown on the graph according to MVD and LWC parameters. The closed graphs
with green dashed dots show two different spray nozzles of the NASA IRT which are model nozzle and
spray bar nozzle. As can be clearly seen ftoengraph, at low MVD and high LWC values, the wind
tunnel cannot be served for scaling application for this issue second scaling calculation should be
performed to fit wind tunnel specification. However, this second approach could diverge the calculation

In order to fulfil the required specification for scaling application, a new spray bar design will be
conducted. This will be analyzed and calculated in more detail under the wind tunnel design section and
spray bar design subsection. It has been mesdighat the MVD value among the commercially
available spray bars can go down toiron levels. When this value is taken into account, it is seen
that the scaling limitation is formed around 1/3 or 1/4 limitation for different MVD value at reference
condtions.
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Scaling Ratio by Chord Change
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Figure 13: MVD and LWC values for different length

2.2.6. Turbulence Concerns

Icing wind tunnels typically have a higher level of turbulence compared to flight conditions. Although
turbulence levels in natural ice accretidoucls have not been measured, they are assumed to be lower
than those in wind tunnels. In icing wind tunnels, the equipment present, such as spray bars and heat
exchanger, contribute to the formation of turbulence more clearly, and mesh screens ard twt use
reduce turbulence levels in all tunnels due to the potential for ice accumulation. For example, mesh
screens are not used in the IRT. Higher turbulence levels tend to aid in the mixing of particles and should
therefore assist in cloud homogeneity, likgly do not fully mimic nature. For speeds below 134 m/s,
turbulence intensity in the IRT has been measured between 0.5% and 0.9% by several researchers
without the operation of spray bats compared to values below 0.1% in flights under-iuimg
conditions®. An increase in turbulence can affect both aerodynamics (by increasing skin friction and
advancing the boundary layer transition location) and ice accretion (by increasing local convective heat
transfer rates). Therefore, heat transfer in wind tunnelsdesshown to have higher heat transfer rates
compared to flight conditions. The turbulence levels in icing wind tunnels and the resulting heat transfer
values seem to impose a natural limit on their ability to fully sim#fatalthough the use of mhs

screens is not observed in icing wind tunnels, due to the reasons mentioned above, it is anticipated that
a lower number of mesh screens will be used to achieve a higher level of similarity, compared to the
number used in hightandard wind tunnels
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3.lcéng Wénd tunnel parameters

Taking into account all the aboweentioned limitations, almost all the parameters necessary to
determine the requirement characteristics of the wind turanwed been determined. The few parameters

that could not be determined are based on the values of the existing tunnels. In the following table most
of the technical parameters are determined and introduced.

| 54
Table 19: Proposed Wind Tunnel Specification

Name Value / Type Unit
Company/Institute Middle East Technical Universit
Facility Name Icing wind tunnel (IWT)
Test Section 1000 x 1000 & Q& Q& Qo !
Total Temperature 30 6 Qa i O@Mi
Flow rate 360000 & ¥Q
Test Section Type Closed with transparent gla:
Max A/F Chord 0.833 G Q0 Qi i
@ at test section 100 a T
Compressibility Subsonic
Humidity 100% YO
MVD 8150 ‘ &
LWC 0.11 3 "Qa
Exposure Time (Technical Specification derived in Chapter i Q@£ &£ Q
Mach 0.32 0¢&€ Q0 aQi i
Reynolds Number o8tdp M N Qi Qo Qi
Pressure Ambient 0 &i Q&
Testing gas Air & Liquid Nitrogen
Type Closed Circuit
Honeycomb 1 (Technical Specification derived in Chapter 0 0 G ¢& 0 Q0 «
Mesh Screen 2 (Technical Specification derived in Chapter 0 6 & 0 Q0 «
Turbulence intensity <1% (without model and instrumentatio 0 € Q0 a Qi i
Cloud Generation Spray bar

Heat exchanger with A/C unit and R404 gas. And lig
Cooling System nitrogen injection if neede:
Driver Unit 250 Q

Motor Control

Variable Frequency Syste!

4. Conclusion

Il n this
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icing

spati al sabluregregemperon, and humi dity content
Wi thin thi study, the |l imitations of icing

icing wind tunnel are discussed and iidnetnrtoidfuiceedd.,
and a study of their technical data was carried



(17" UBAK, 19 20 AugusR023, Ankara (<

UBAK UBAK
I n the next secti on, a detailed study on the |
capability ofelthandcihgi wihncdhpaatmhnon the design i
made by NASA on this subject were also included
continued on a generally accepted dsesdfgni.ci nigh ewe
also included in the work, l'imiting the di mens
components of the icing wind tunnel. Final |l y55 wi
the NASA I RT winthetmannhel waa gemneoaluced, and t he
was Vvisually determined. The results of al | t h
tunnel specification was presented.
Neverthel ess, it i s crodcitali st s truedcyq g mihaz e ht keen cloine
of tunnel designs and icing conditions that wer e
by incorporating additional factor s, such as di

a mospheric conditions.
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z elerahertz(THzj r ek anséndaki sinyal
rané ve de¢kegk il etim k
ekansenda -al ékan
Imaktad . Bu °zel

ycksek nefguz cettpe g,
i pek -ok °zellije s
®z ¢ mardlaghlag agkreymatsd la
p ol maséndan dol ayeé
mede daha datuliulnid ao | arbHzl meak
i radarl arén yerini al masé
ara yakalanmadan hareket et me yeteneji génegmegzde
arl aram&alrikle g&jrliayabil ecek sojurucu mal zemel er bu
frekanséndaki sinyallere karké za f r etkiye
n d yapay ol arak demakgzemel ef kg eEkemkl erdbsker
gi bi ara-larén kapl amal ar én l anél ar ak
u sayede istenilen g°r¢nmezl K dlalyaarbé Il an
(THz) seviyesinde -aléxkabil [ el ektr
t amamen zgeé¢n bir tasarém olup en y¢kse sojurma dej
sonucunda meydanatge r i | mi kKt i r . ¢tal ékmanén amaceé, hedefl enen
tasarémé geliktirmektir. Prototip tasareéem zer
el de edildijJini g°stermektedir.
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Anahtar Kelimeler:Meta Malza me, Ter ahertz Radar, Sojurucu, Radarda

Deséegn of a Metamater éal Absorber Operateéng At

Abstract: Signals in the Terahertz (THz) frequency range have many characteristics, such as high penetration
power, application acurity, high SNR, and minimum transmission loss. Furthermore, thanks to its wider
bandwidth, THz frequency radar systems enable higher resolution imaging compared to other radars. Due to these
advantages, radar systems operating in the THz frequencydaambe more effective in automatic detection and
detecting hidden objects. Considering these advantages, it is inevitable that THz radar usage will increase and
eventually replace previous radar systems. However, the ability to move without being defewtddr has

become crucial, especially in military technology. Under normal circumstances, finding absorptive materials that
can provide invisibility against THz radar is quite challenging, as natural materials have a weak effect on THz
signals. Metamatéails are artificially engineered materials with modified dielectric properties in laboratory
settings. Metamaterials are commonly used in military applications for coating vehicles such as aircraft, ships,
and submarines, reducing the probability of bailegected by radar systems and achieving the desired invisibility.

In this thesis, the focus is on designing an electromagnetic screen that can operate at the Terahertz (THz) level
using metamaterials. The design is completely original and has been cibatedih various simulation
experiments to achieve the highest absorption value. The purpose of the study is to advance a screen design that
can achieve the targeted absorption value. Simulations conducted on the prototype design demonstrate a high
absorpton rate of 99.98%.
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1. GKRKK

Terahertz frekans bandénda haberl ekxme teknol oj
stermektedir. Daha geni Kk bir bdamat norma radakatai J i ne
e daha y¢ksek netlikte g°r¢gnte¢g el de edi ljgges|
kans bandénda -al ékan bir radar, otomati k al
a etkin oladakdaha Sok pemamlear bu teknol oj i,
l anelan -iplerin ¢retiminde -é&jér a-méecxkter [
tkenli k isteji THz seviyesinde yvyapgladan kudl @aml
sek -°%z¢nerl gkl ¢ glereéenteéel eme radarl ar e, hava
stemleri, insan yapémé radara yakal anmayan sil
bir potansiyele sahiptirler 2. Dha késa dal ga boyuna sahip THz si
sahip sinyale g°r daha ye¢ksek -°zegnegrl ¢kl ¢ gor ¢

a

n

B =

Radar dal gal aré d
hedefe nazaran -o0
vermi Ktir. Buna Kk
daha az) kul |l aeeé
edilebilmektedir [69].

Askeri alanda kull anélan ara-I|larén radarda g°rg
sebeplerden °t¢r¢ daha nettir. Baka@gtPrgemeden ¢tha
etmek b¢g¢yék °nem kazanmékt éer . Radarda g°r¢nmezl
m¢ mk ¢ n ol acakt er. Bu soj ur ma veya kerél ma i K
yapél amamaktader . Bununartanmémbodatluebtriokt &mé
i steje g°re iletken veya yaleétkan ©°zellik take\
mal zeme denmektedir [10]. Nor mal Kartlarda THz
buseviyelee THz dal gaséna mar uz kalan doj al ol an ma
meta mal zemeler ¢retilmik ve durumu tamamen dej i

d

I

e

alga boyuna ve hebbeéanel makli
k uzun dalga boyl are kull a
arkén yeni nesil radarl arda
| evlarkd jaidré r ¢ o€ ryil red e k i SuUsama k a

é
e
I

el d edil ebilecek mal zemenin ornraialrda"ﬁl—lzsemwslmdebulune
me t mal zemeler ile ilgili-l7}hal ékmal arén sayéseé -

Me t
ol a
b ¢ k
ger

mal zemel er, dojada g°r ¢l en yapélarda bul un
k kKekil de pay ol ar madtzemelerdir8 u a tad veaxré | mE kK @ mé r
me ol arak e éjemez durum meta mal ze
kl ektiril tedir [18]. Bu i mplantl ar bize
maktadex [ il de kull anabi
mel erin ejerl ik al makt ¢
il e enerj.i akéke ayne y°ndezékalymankltsaddeerr.,
mel er dielektrik veya metal elemanl areén dal
a bulunmayan el ektromanyetik ©°zellikler S ¢
e oIUKmakItgaa viel ee | eetkktirloem@inmleetriik sdoan u c u
r Bakka bir deyi«kl e, di el ektri
eni, éxkeéek ve sesl e dojadenelg®r ¢l m
y°ntemleri, gelen sinyalin geli«
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ya backltamomaxnyeaet.i kérynaejda, optiek ¢r¢éenl e
[ 23], antenler [24] vVvb. Fakat meta mal
é taraféndan bi Isiomrdg¢ nyoaks &f rpdenessu m ual snaur ke
i sinde farl é& paternlerle farkIl é& sojur:
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tasarém -ift kat ol arak denenmi kK ve sojurma or a
tasarémda kull anéel an mal zemenin farkl e kal éenl ek
-al eékmada sunul muktur. En y¢ksek sojurmanén el d
-alékmada %99. 9 6dan daha fazla bir sojurma el de

2. KAYNAK ARAKTI RMASI

Literate¢rde elektromanyetik soj umuaulfar k[ 2el|b9ar @
al maktader . Bu -al @ékmal ardan bir k mé maksi mui
geni kKl iJini uzun tut mak izere yapél méck -al éxm
bahsedilmektedir.

You Li ve yapkkmadatwl alug u - al kKmal ar énda -i ft f on
sojurma metodunu kullanméxktér 1.545 THz ve 3.2
%93.8 ve %99.4 oranénda sojurma el de aedwanek - al
foto sensitif silikonun iletkenlijini ayarl ayar a
dejiktirebil miklerdir [26]. Yongzheée Cheng, ve ar
bantta -alékan kompzaktat KXeviyamléed ak aslmlho p meta m:
sunmuxkl ard al exma.yh7 gPHz <de Vidy €llHezr ivned el . %6940 ¢
edil ebil mik ir ¢tal ekxma t emel ol arak tasarl a
ana gel mektedir [17]. Hao Pan ve
ml & yuvarlak rezonat®°®r paterne
yrék ol mane&, i sojnurtma clh dn dcané mj «
seviyelerinde enerji kayhb
rr sojurma el de et meyi bakar mékt eéer . (Pan
kK sojurma orané ol an %90 ¢zer.i dejerin
ejiBnénTRz5ar abendalkHz de(4€r9%r i hari -
ju g°zlem enmektedir [11].
TERYAL ve Y¥NTEM

azademdr benzer -al ekxmal arda da kull anél an
|l asyon programé kull anél mékteér. CST, el ekt
anélan bir yazéel ém paketidié@ml &Séa,gimbikrfoamh |
ékl arénda el ektromanyeti k davranéxklarén mod:
n
r
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belirli bir oranda istifleyere

-

yeni bir patern geliktirilmi k ve tasarla
|l erde mumaluze memiark édarmr-akkl ekt i rdi jJji sojur ma

Qo —3

n °nce tek katl é& olacak kKekilde tasarl anép,
nerek -1ift katl e bir el ektr omanadgiddenek r an e
temiyle farklé frekansl arda el de edi
jl anméekt ér. ¢ok katl eé sojurucu tasaré
i KIl'iJurbebi theneEemk ehdeyegednl sneye

= =35 =0

n
sémdan ol ukmaktadér. En ¢(st tabakada
L uzunluju, W genikliji, G kKeritle
keridin yatay uzunl ujunu, FR4 kull anél atmekeubstr a
olup parametreler Tablobld e g° st er i | mi kKt i r . FR4, cam el yaf t
mal zemeden yapélan bir | yyavyhcpaedre r ol &rl eekk t k ahi & n &l
mal zemedi r . Bu mal ze me, yé¢ksek kavemet , t er ma
yal étém ©°z@&lul iedlder iedddreaar .y eni l in yan yana
elektromanyetikelan t asarémé el de edi | mi El de edil er
mal zeme sojurucu tasaréménén te Il € ni hai hal
getirilerek istenen -ift kaxtmarm med kai Imal &kaneg
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Tablol.Tasaréma ait parametre bilgileri
Parametre L X T G W FR4 ST
Uzunluk Mp > ¢ >YNnXZMp| oXT HXZM onzwm |301>Y
Yt PynZXoo| nXoo|nxoo| noo| nzoo|l1l6mMXZdcd|033>Y |60
Al I ——
X i || [ ] | [ Y e
Caljicallic allc o
G T
: L |
o 1 s N O O i |
o W Y o oy |
kekiTekve. katflte ol arak el de edilen tasar émén

4. SONU¢LAR ve TARTI kMALAR

Yapél an sim¢gl asyonl ar sonucunda FR4 kaleéenlejeée
sojurucunun en Yy ksek sddjedrimd edenj etine Sahitp ka
ger-eklexktirilen simgl asyon sonu-1| ar éna go°re e
edi |l mesinden kaynakl anmaktadeéer. ¢ift katmanl é& s
em kal énl eéjvae asiot] uy amas égmaa faidddleetrdar iilsnei kka ki.l Ay r éc
bul unan FR4 substrateéen kaleéenléjé dejiktirilerek
edi | mi k ve doedieer |seorn uT-ddareo I8es tlee kil Imi xt i r .

A_CCrRYEEOOCY) )-21B2 1| * 1)

Sojurma denklem (1)6de verilen form¢gle g°re hes
R(¥) yanséma ve T{emsileetdmr kaMetagémalt ae@meni n a
il e kapl é olduju ve gelen dalgal arén nor mal a- €
i -in, sojurma]| $bimpl gebbhsntdeehédsapl anabilir
kekil 2'"den deeanlibkel hadamanke yapéda ger-ekl ek
maksi mum soj ur ma orane artarak 2. 35 THz seviy
yé¢ksel miktir. Ayné zamanda, 2.03 THz seviayesind
maksi mum sojurma elde edil miktir. Sojurucunun -
sojurmaya sebebiyet vermiktir.
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14 1.6 1.8 i 2.2 24 L5 28 3 1 12 14 18 18 2 22 24 28 28 3
Frekans | THz) Frekans (THz)
keki IFR4. kaa)l énl éjée 1.75 em olan -ift katl é meta mal ze
MATLAB pro gr a mé n d ab) @gi° fstt ekdatnmi é meta mal zeme sojurucunun f
grafikleri
Tablo2.Substrat kal énl éjéna bajlée olarak el de edilen r
YItf Pyt P] 16>Y 1.7>Y 1.75>Y 1.8>Y 1.9>Y
AAFO 114G {2 %99.46 %99.91 %99.98 99.96 %99.70
CNB1lya 5| 228THz 2.31THz 2.35THz 2.34THz 2.32THz
Substrat kaleéenl é&jéna bajleée olarak el de edil en ma
glPsteril miktgeorr.¢ lkeekajli 2Hpzxeme , debu tasarém ©°zelind
kadar arttéek-a sojurma oranénda arteéxk g°zlemlen
1.75 em kalénl éjéeéna sahip olduju ddauadbaéréldee]je
sojurma orané tekrar azal maktader. Bu - al ékmada
edil diji duruma 44.08THzve23®2u l3Bu KTtHer .ar2a.l k| ar énda %
sojurma ger - ekl exkt¥izjeil | g°%alee MAl. @BmerkHtze dlier %9 7. 2 ve
czere iKki maksi mum sojurma noktasé belirl enmikt
bakarél e sayeélabilecek bir frekans bandé dikkat
hesasph nmakt adér. Bu noktada, sojurucunun -ift kat/l
sojurmaya sebebiyet verdiijJi -ékaréeme yapéelabil:i
t est edi |l memi Kk ol makl a bi-rilfitktkat |-éo kt &saarl &mdeak roa
maksi mum sojurmal ar ol ukturarak et kil:i sojur ma |
Genel bir dejerlendirme yapeéldéjéenda geliken t el
ihbar radarle@ nén GHz seviyelerinden THz seviyelerine
amacé, daha net ger¢nt¢ el de etmek ve daha etk
gel i kmeyl e birlikte radarl ara karké °nl em al mak
But asarémén radarlara karkée g°r¢nmezli k sajl amas
potansiyele sahip olduju dejer Iendirllmektedir.
kat manl & ekran tasaréménda 2. 35 TsHZ |'acheméemd l€gi. mu
radarén hedefl edifji nesnelerin (°rnejin savak u
kapl anmasé durumunda, radarén g°nderdiji sinyal:

g°r¢nmez ol ac aejkét ean lra méShoan uge lonh ar a k radar si st
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nesne tespiti yapamaz. Bu tasar émén, asker. al i
ol abil eceji ve gel ecekteki radar teknolojilerinc
Bualékma maksi mum sojurma el de et meyi °ncel edi
tutul muktur . Ancak, -alekmayeée ileri akamaya tack.
amacéyla paternde kekil sel dekeki kbekleejnkdkhehk
geometrisinde veya yapésal °ze||ik|erinde yagzelc
frekans aral éjénda et kil:i ol maséné sajl ar. d
olabilirranck t asar émén daha genik bir frekans araléjé
Bu dejikiklikler malzeme yapélaré, katman sayéseEé
odakl anél arak yapeéel abilkiln] iBuwarue&kiell he ,akt alsachraé mgén
et kil i ol mase hedefl enebi lir. Ancak bant geni
etkileyebileceji de wunutul mamal edeé
Ayréca -al ékmada maliyet etkinlaikkérdikgkemtedlalkée
iletkenliji y¢ksek ol an ve yayge ol arak kull an:
mal i yet a-éséndan avantajl é bir durumdur. Ancak
°czelliklerieéesahi guimbbrmemdejé g°zlemlenmiktir.
elektrik iletkenlijine sahiptir. Bu nedenle, alt
el de etmek m¢gmkegn ol abil ecekt i r. ahiplnmal@emelegn b i y ¢
kull anél maseé, genel li kle daha dc',Kc',k kayepl ar Vo€
Ancak, alténeéen mal i yet. bakeéer gore daha y¢kse
edilebilirliji tartéxkelabilir
Ger - erkilleeknt ibu tasar émén, l'iterat¢rde yer alan d
geometriye sahip olduju ve dolayéséyla fiziksel
uygulanabilir oldujunu g°steaméhkhjedoblrarBk daj eat
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kull anabilen insanl arder Bir i Kl etmenin g¢cyé, bakar
m¢e mkender . ¥zeli kle ikletme sorumlularénén ikKletmeyi
payl ak ma, kull anma ve depol ama yol, y°ntem ve mekani
verimlilikte etki ol ar ak kull anémé gerekmektedir. E
Tée¢rkiyedde 2019 yégjléérn dbau | 1u7n nba8k8t. al 3091 ubpa k% s4 8, 396u k¢l t ¢
ol ukmaktader . 2019 vyeéleée saj mal inek sayésé ise 6.58
ortalama s¢t ver i mi i se 3158 kgodarékl. ar% a4n8 , a3l9wkua nk ¢ditre
ortal ama s¢t veriminin daha y¢ksek ol mamasé sg¢r ¢ you
nedenl e bu arakteérmada Adana, Mer si n, Osmani ye, Kon
hayvancéeéee ékoriuknmleutlmar énén daha karl é ¢retim i-in g¢én
ama-| anméxkter. Anket sorul are arasénda i kKl et me sor
kaynakl arénén tespitine yrrwnmllulkarséomréand a¥%l 3/,e66 @l imélka teme
Sorusunu cevapseéz bérakér ken %9, 10i hayer %77, 270si
Kat él emcéel ar g¢ncel bilgi kaynajé ol arak %31 ,didjierakad
kaynakl aréné ifade etmiklerdir.

Anahtar Kelimeler:Kar | el &k, Hayvancél ek, Kkl et me Sorumlusu, Bi

Current Knformation Needs and Sources of Livesto

Abstract: In today's highly competitivenvironment, the power to make a difference and determine the result is
knowledge and people who can use it well. The power, success, and effectiveness of an enterprise are possible
with the correct and effective management of information. In particiiarway, methods, and mechanisms of
producing, sharing, using, and storing information as the most important factor motivating the business by the
business managers should be used as a facilitator in the business working environment and as an effect on
efficiency. This information is not given as a lesson in schools. There were 17,688,139 cattle in Turkey in 2019,
48.39% of which are culture breeds and 42.71% are hybrid breeds. The number of dairy cows in 2019 is 6,580,753
heads, cow milk production is 202,874 tons and the average milk yield per cow is 3158 kg. The fact that the
average milk yield of a population consisting of 48.39% culture breeds and 42.71% cross breeds is not higher
shows the deficiencies in herd management practices. For this rehsoresearch, it is aimed to determine the
current information needs and resources of the livestock business supervisor for more profitable production of
|l ivestock business managers in Adana, Mer si n, Os man i
Among the survey questions, there were questions about the determination of the current information needs and
resources of the employees of business managers. While 9.1% of the participants stated that no records were kept
in the enterprise, 77.27% statéoat they were kept. In addition, 18.18% stated that they kept digital and 13%
printed records, and 45.45% stated that both written and digital records were kept. While 59.1% of the participants
stated that they did not have difficulty in herd managemexisbns, 22.7% stated that they had difficulty. As the
current information source, 31.8% of the participants stated academic publications, 4.5% consultants, 40.9%
internet, and 9.1% other sources.

Keywords:Profitability, Livestock, Business Manag&kn f or mati on Supply, Resources
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1. Giri«x

T¢e¢rkivye, 2022 vyélenda 84,680,273 kikiliKk negfusu
toplam n¢gfusunun %1, 1" 0 ni ol ukturmaktadér Bu s:
498'si (41.439.462k adénl ar dan ol ukur . Terkiye negfusunun
ol masé4déyakO0Ogrubu n¢gfus, topl am9Bg@gfuwelbéndgzaé. 27
olan n¢gfus 2022 yeéeléenda 84,680,2h3iyaxéyela|"|6§(§m
creéenlerinin temel cretim kaynajé olan séjeéer s a
sajl anamamécxkter Artan n¢gfusun i htiyacén kar kel ¢
bakéna veriam]leamnmasaldrgkxicyekddee s2019 yeéeléenda 17.68
olup % 48, 3906u k¢ltegr érke % 42, 7100 se mel ez e
6.580. 753 bak, i nek s¢gte ¢reti nmmi 2i0s e/ 831 5387 4k g bodhe
2022) . % 48, 396u k¢l ter érkeé % 42, 7100 se mel ez
daha y¢ksek ol mamasé s¢r¢ y°netim Hyygwdmambheaeedi
verimlilik ise bilgininveuygut ek nol oj i l erin ¢retime aktaréme il e
bi -iminde -alékan hayvanceéel ék ikletmeleri, gl oba
tekni k gelikmelere g°re ¢retim yapricakdeeki Kdleet
yéksek rekabet ortaménda be¢yek kapasiteli, mo d
durumunda kal mékl ardér. Verimlik ve hayvan refa
uygul amal aréna ol amreijé lhienm daer thearyméaknt ére.f aHheem ak u-
ise bilgiye olan ihtiyacé arteéerméexter. Bu nokt :
becerisini geliktirm{®°yeé peve cailule.neXd hlagdlek@mtas
hi zmet veren bir-ok meslek grubu da kendini y
uygul amaya aktararak ¢l ke i htiya-laréen karkeéel anm
nedenl e aynén hayvanceéebheékl ekxgprihmedf{aekl éri rRtlen
-al exmak Ve ireti me kat K &8 ac ¢o,ul @BMd&RN s d & r uhmauynvd
i Kl et mel erinde farkl e i Kl er i y apmak iczere far k
tohuml amace ,ary®d nelteman)y bul unmaktadér. Birde ikl
et kil ol an i kletme sahibi ol an i kverenler 1ikle
sorumlul arénéen bilgi ihtiyacé aenadd§muolvrealgtiarkén
sorumlul arée ikletme i-i g°revlierin planlamasénd:ze
bil gileri kull anéerl ar. Ayr éca, akademi k ve g¢n
Bil gi PeEnol g1 i ¥k el i kmeye kaynak texkkil et mik ve
-ok kritik ©°neme sahip kn(iKgirkkkdvilr kBigsagak . h2I0i2
teknolojilerindeki gel i kmel eri nutdienuetdcka sdg] kK toir
Kkl et mel er a-éeéséndan yenilik, yaratéceéel ek, hez
uygul amal arén déekénda °zelikle °nemli karalar én
vadeli ed&liaskl @ lyemgreahi ptir. Hayvancél ék ikl et
i htiyacé varder Verimlilifji korumak veya arteéer
ekonomi k karar vardeér. Hayvahaéebék¢ it Kiveymelharyivia
gel ir Bununla birlikte i1ikletmenin besl eme, i K-
bir-ok giderleri de vardeéer

Genegmegzen yéeksek rekabet ortaménda farmliygel ek ya
kull anabil en i nsanl ardeér . Bir i KI et menin gécé,
yonetilebil mesi il e m¢gmkender . ¥zelikle 1 KI et me
unsuru ol arak bilgiyi ¢reymke, pagtaeammae hek dainma
-al ékma ortaménda kol ayl aktéréecé ev verimliliKkt
okull arda ders olarak verilememektedir. Bu bilg
zor |l akécsé el e olukan Dbil gi talebinin karkél anme
kull anémé gerekir. Bu noktada T¢rkiyebde bul una
il kel erinde -aleékarak ¢l ke&liah&inyeae-tlkdarsémdleargredal-:eé
nedenl e bu alanda -al ékanlarén g°r¢kK ve °%°neriler
i Kl etme sorumlul arénén yeti kmesi il e bekl ene vel
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Bu nedenl e bu araktetmadasohaywahaele@malen daha ka
i htiya-laré ve kaynakl arénén tespitd.i ama-|l anmécxt

2. Materyal ve Metot

Bu -aléekmada Adana, Mer si n, Osmani ye, Konya, N
hayvancéléek ikl kRbhimk bobolrgml gleani @némwet é kKl et me - al
gor ¢kl erinin tespiti ama-|l anméexkteéer . | 66

kekiAlnklet ve g°zlemlerin y¢retelde] e boel

Akdeni z i kIl i mi olup yazl ar séecak ve kurlara, k é«l
2830 derece arasé olurkd4m0, demese] ak asghadrd&rort &
18 derecedir. Don ol ayl ar & ve Ykaaré Ky aejné kflaazrl éan ak é-«
d¢ker ken, en az yalze kmewali®@XM0n 6rerd dasrkeessréndyaélde] i Ki
Hayvancél ékt a i klim ©°neml.i bir -evresel kése
s¢rdereglebilirlijinde °nemli o]l -¢de etkilidir (
ol masiéz, sdeevni yesi nden 1200 m. y¢ ksekl ik gPster mes
r¢ezgorl ar é al amamaseéeé, kuzeyden gel en soj uk r
k u Kk a ] séonj duak, , kar asal ikl im tipi e ek isloijdiikr .ve Yaj I
Yaj ékl ar genellikle il kbahar ve ké&k (swylhad®nga&lg?®°
(kgMdmjr) ' ¢al ékma al ané illerine ait 202I1Tabjoel & ng
16de veril miktir.

Tablol.¢ al eékma al ané illerine ait 2021 yéleée n¢gfus, b¢yé
Irklar Mersin Adana Osmaniye| Konya Ni ] de | Aksaray Karaman

B°l ge Akdeniz Akdeniz Akdeniz | K- AngK- AngK- AngK- Ana
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Irklar Mersin Adana Osmaniye| Konya Ni ] de | Aksaray Karaman
Kkl i mi Akdeniz | Akdeniz Akdeniz | Karasal Karasal Erfjal(ikgn} a Karasal
B¢y e kback 113,910 266,601 68,292 957,748 179,554 372,932 67,174 |67
N¢efus (mi | 1.916.432| 2.274.106 | 559.405 | 2.296.347 | 365.419 433.055 258.838

Araktéermanén birincil veril eri hayvanceéel ek ikl e
¢al ékma Mersin, Osmani ye, Hat ay, Marak ve Adane
arasénda dejiken ikletmekbeyde tagl mgmakta Ahkates
eden64i k| esdrumbusudan%8 8, 126 ni n erkek ol duj u, 28 il e 5¢
grubundan gel di kl eri anl akél méxkteéer
Bu -aléekma kapsaménda yapélan anket ve g°zlem - &
ge°r¢kmel er sajlanméektér. Anket sorul aré arasénd:ze
genel sorulariledha karl & ¢reltékn ikliet mMaayy@amueml usunun gy¢
kaynalel dareés pihtaz eyBmaelamk yer al méxkt eéer . Hazeéerl anan
sorumlusu ile uygulanarak anket uygul ama s¢resi
yapéldektan sonra saha wuygul amaséna ge-il miktir.
Bu kapsamda Vy¢z yé¢ze anket ve yerinde g°zlem
ol ukKtur muktur . Araktérmada elde edilen verileri
STATKSTKMEe2Oarkakl laanal i z|l er yapél méktér
3. BulgularveTar t € Kk ma
Kkl et me sorumlul arénén ikletme karl él é&jénée dojr
oynamaktadeéer . Ancak bu kayétlarda yer alan bil
aktareéem becerisi °nemlidir. Kat él emcél arén ikl et
ait bilglerTabl o 2. 6de °zetl enmi«ktir

Tablo2.Kat él émcél arén i kletme kayét tutma, kayét «kKek

_ Kay ét Otomasyon
K a ytidma Oran (%) Kay ét «k e kOran (%) sorumlusu Oran (%) durumu Oran (%)
Cevap<l364 Cevapseéez 18,18 Cevaps€2273 Cevapse9o
Evet 77,27 Dijital 18,18 Var 31,82 Var 59,1
Hayeér 909 D¢zenl i k455 Yok 45,45 Yok 31,8
Yazeéel e 13,64
Yaz él é+di4545

Toplam  100,0 100,0 100,0 100,0
Sayélaré bilme yetenejinin °tesinde, kayeéet tutr
beceri si g¢-1¢ ve zayéf alanlaré zamanénda dojr
i retime dayalé te¢m karagllardnaftIdikleer iyn, krserke dpee
g°rmek ve ¢retim ve finansal ol - ¢ml er i onl arl a
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Keyasl ama olarak da bilinen bu s¢recin ¢reti mi
°]l -mek ézthke®ns bu nedenle dijer y¢ksek performans
ol mal edeéer . ¥l - ¢ml er ve kayéetlar bu hedeflerle
sor uml WwA1laBr, dro&gn i K|l et me dxSorksany éet p d &1z ub@yakémiuen %¢

%7 7, 2evéesti kayeét tutuluyor kKeklinde cevap ver mi KI ¢
dijital %136¢ el de %45,45 ise hem yazélé hem de
da cevapnéar derakané %18, 18 ve d¢gzenli k a y|l@8t

belirl enmicktir. Kkl et mede ayr eSoraduram @2k, 7K3ady éctelvaarpds
bérakérken %9, 1 i 45,45 ve %31, 8206 si evet Kekl i

Kkt | nee ot omasyon durumu teknol ojik uygul amal ar
mekani zmal arénda kull aneéel abil mesi -ok ©°nemli av
ne ul akmak ve karar | ar°ml eknunhel sai nnnlaek saonné
Ayréca bu kayeéetlardan hareketle -o0k
[ i k hesapl ar é& vy &pcrluasbu numekd teali @ mc €
laaiedkegm eé&Qapnl ameékKkPE8r der . Kul | a
val , Al l pro Dipvet, Fan Yem ve y
e, Kézgénl ek takip sistemi, S¢ér ¢
emi , mama maki nesi, Past©°rize maki
r

-

OO n S

negmeekleol aj i deki son gelikmelerden faydal a
arak -al éxkan, t am o trab sistemlerimevcutud Bu sistenidalei z | e me
yvanl areéen ¢remesini, ¢retimini, sajléek ve |
eden, far kl é model | eme vieekhaktarék kgi bana&rne
ger - ekl ekmedweea darhek Ini edrelneml eri n al énmaseéneé
sistemidir(Uslucanv e ar k. 2007; G°nc¢ ve ark. 2010)

SO YO X T O
x &

» —o

Bir s¢t séjeéerceleje ikletmesinde ge¢nl ¢k, haft
durumu hakkeéndsaé kgeraeakiarr. aBuwe nkmmanuda en dojru
kull anelarak verilebilir. Ancak, entansi f [

ol amadeéj é i in -exitli ama-1¢e& -exkitld@ fonksi

Otomati k sajém sistemleri, hayv8aréemékiat eD
tanétél mék hayvanl arén sajémhaneye girickinde
s¢ten el ektri k i1 edtikemlki jbii 8 lgt € dhil eencasbh i ejca gia
otomasyonf onk si ybaj bé € mdoakr aliki Ibgiiry i anénda kaydeoc«
kullanarak ileride sorun yatabilecek bilgiyiacil durum raporlgaraky © nl endi r i ci ol
ot omasyonl ar bu gruptua aynear- | al ndaoknt aatdéélrmeé kS i ssetr
ger ekl i °l -¢m ve belirl emel eri yapmakt a, S ¢
uyar éceélaré y°neticiye bildirmekte ve ineje
sistemler g¢nde vpyvaahakadadar 7yReet ébi hmekt edi
-0k keéesa s¢rede al exkxmakta ve bellli bir s¢rede
(Can ve ark. 2013; Karpuz ve ark. 2013 Bing?

B¢eyeék i Kl et mel erde -okarwikdaeakzigekhetiagvarlanr
ot omasyon sistemlerini kull anmadan bekl|l enen
teknolojilerin s¢reéeg y°netimi alanénda kull an
yeti ktiriciyegekethay wenaf av&l & a-éeél ardan yar a
sistemlerden beklenen faydalarén el de edil eb

bilinmesi ve etkin kullanéména bajl édeér .

Katéel emceéelareéen s¢gr¢g y°neevanpl ardl eTablgol 2. Goe L
Kkl et me sorumlul aréna sorulan sg¢r ¢?Sgrilsumat i mi n
katéel éemcélarén %59, 16i hayér zorl anméyorum d
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ver mi k|l erdir. A& Kk kua tstdréeumpaé lcerv@ampséz bérakm
y°net|mvkaralaréné t ek bakeénBAREvan#E3 6] geneldedek € z ? S«
ol 6 PYI RABSY s2n3pp Kl &PNbI/Bh M3 OPNBY $ f rIBBSR NU2T RN
of I NJ | OSf{N\II‘NI]\IS}féYI)\ﬁ)&I]mW 10N) o 6Pyl mu?sorugund iseP T &F
YpnIppQdz FAINRY &21 RSNYISY 2oMIyHQA S@SG Fle&RI |
0PNI { YPO G PN

| 69

Tablo3.Kat él émcéel arén s¢r¢g y°netimi ile ilgili s

S¢ér ¢ y"netinOranKararIOra Tek b Sér ¢ yirﬂjenbﬂgjirrOran Gincel Oran
irk tek b karar almak ksiklibpri hi ¢
mosinaz " “OT00 LTE 2000 R0 pis P M09 Kaymedrs 0o
Cevapseéez 1818Cevaps1818Cevap:l364Hayeéer 136 Cevapsé 136
Evet 22,73 Evet 1364 Evet 31,82 Evet ge3e Akademik - g9
yayénl a
Hayeér 59,09 Genelde 4,55 S(i)kk”m 54,55 Danék ma 45
Hay ér 59,09 Dijer 9,1
Kk ver e455 Internet 40,9

Toplam 100,0 100,0 100,0 100,0 100,0
S¢r¢ y°netiminde bil gi eksi kIl if7Ji hi ssedi yor mus
verirken%wl3, 66 hayeéyarhdgtsseemmial eamdidri.yeBgky¢ y?©°I
konul arda bil gi eksi klifji hi ssedi yorsunuz sor us:!
kor uma, damézl ék se-i m, hayvan davranéxl ar e, r e
bakl &r bildiril mektedir. G¢egncel bil gi kaynaj] éneé
yayénl ar , %4 , 5 danékmanl ar %40, 9 internet %9, 1
kaynakl ar diye yanet ver enrlleer iink iisealgég vieané g ti & ¢
-aléexanl aré veya -exitl:i al éx veri kK yaptéje kur |
i fade et mikl erdir
Kat el emcéel arén kendileri nden nhedk lsoeusueaniseasywn en - o
hazerl ama ve damézl ék se-i mi ol dujunu ifade et mi
cevaplarén dajéel éme Tablo 46de verilmicktir.
Kkl et me sorumlul aréna ikKkletmede rasyonu tasarl a
%4, 55, danékman %®r@dnl u dijlatd| Mphed 8 pooaalp sez %
yanéetl anméxter. Kat él @ mc é & rSorusuaisigeoZiiH ThQaLz élr fl RRPYA: (e
FfYI RPY @8esrapusoészc nbér ak mé r h E davsQylld an NJEhl aéznécrél | aammagékn i
programirame Q&% 9EOSf LINBINI YPYP (dzxZ fFyRPLf I NPY
ldzt £ Iy YL neBdehaR Py PV K )\{é?SNHZZﬁFﬂZVXiD p VlZlNéE%EbI\I.]ﬂYiveﬁ/oﬂ\B'ﬁP@'H?é")'P
RIEYPOYlLY 2fFNFX1 eFyPutlYPOE I NRPNIp

Tablo4.Kat él émcél arén rasyon hazérl ama konusundal
Rasyonu Oran Rasyon hOran Ej i tim Rasyon hOran
Y asyon. nereden Oran (%) y ~
tasarlayan (%) ej i timi (%) - progr amé (%)

al dene

Cevapsel1818 Cevapsézl364 Cevaps2273 Cevapséz3182
Kendim 4091 Al deém 77,07 Program - g4 g Excel 27,27

sat éce
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Rasyonu Oran Rasyon hOran Ee]r@ilerg ! mOran %) Rasyon hOran

tasarlayan (%) ejitimi (%) A o progr ameée (%)
al deneé

Besleme ekibi 455 Al madem 909 Kulanan = 444 Hazeéer pr 4091
arkada

Danék ma 9,09 Danék ml3,64

| 70

Dijital 4,55

Sorumlu

Zir . M¢',h27’73

Toplam 100,0 100,0 100,0 100,0

Kat el eémceél ar kull andeéekl ar & -croavsy o nG°hragz;d r¢l alnMaR pprroo
soft, NDS, Optiformula olaraks € r al amé k| ar dér .

Hayvancélék i Kl etmelerinde dameéezl ek se-i mi konu:
Yan|l ék ayéklama ve seleksiyon kararlaré wuzun va
Ay ékl ama kar ar é,y ainreejseé rai tg efnael tl® rkll eer isng r ¢ ye ve |
dayal eder (De Vries, 2017). Bu konuda Fetrow ve
saldérganl éjé ve dijer s¢t -iftlikl animae &&ts&k |
veya °l¢m nedeniyl e zorunl u ol ar ak ger -ekl ekt
yakaml aréenén sonundaki se-enekler basittir. Ama
i -in dojru ol ané vy adponjarku dkaahraa rzéo rv eorlmaebniilzier yBaur,d é n
faydal @& ol acaktér. Hafif hastaleéjé veya yaral ann
kesim daha iyi bir se-enek olabilir. Karar size
Kaemtél aren daméezl ék se-i mi konusundaki cevapl
sorumlul aré damézl ék se-imini ki 4@G,pRT ?%aEE0&d wnmall
9,09 ikletme sahi bjfigneée % ellXartidi zrésw--Kditmn nka génkeedyda p€o r |
%13, 6, % ary7e,t27arve her I ki si %9, 1 ol arak tespit
kull anéyor musunuz? Sorusuna ise kateéeléemceéel ar én
Sé¢réye yeni d¢ve i htiyacée ol dujiwndsao rruesruendae ni skea r¢
yurtdéke 27,2706si i Kl etme déké, %13,6406¢ ise ken
5 yelda damezl ék saték yapténéz meée? Sorusuna i s
%27, 270i spoprhguakem&eapse

Tablo5.Kat él émcél arén damézl ék se-i mi konusundak
DaméZIOran Egtniéfn 2O Ee?e(rdneitzerlnir? Ot omasyon
se-imig o Oran (%)d a mé z | éOran (%) Oran (%) y Oran (%)

(%)  kriteri 2o etmek musunu2

yapeyo nedir? yapteme istersiniz?
Cevapsl364 Cevap 1364 Cevaps €27.27 Yur t deé k5909 Cevapseéez 13,64
Kendim 22,73 Dék y 13,64 Evet 13,64 Yurt i -2727 Evet 59,09
Danékn409l Kayét 5909 Hayér 5909 Kendi 1364 Hayeéer 27,27
Kkl €t Mg09 Herikisi 13,64
sahibi
Se-im
Y apma dl364

Toplam 100,0 100,0 100,0 100,0
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¢al ekxkmaya katélan ikletme sorumlul arén hepsinin
DSYB ¢(ye ol malaréené hayvanceél ék desteklerinden
hizmeti il e pazarl ama adantajl aréné diyerek yanté
4. Sonu-
Terki yeddel7B8L3 ayké | séenjdéar b udBBdmumalkk 4 lat4pAibou@rskee me | e z
érklardan oIu&smejkntadd@imseekZGBh@SéQsé'l@S bak, inek|7b¢t
i nek bawmkméemaa sgnB8 =8 i nkgd cdE%A483DTUK B, | 242,22 )e.rskee Me | e z
érkl ardan ol ukan bir pop¢l asyon ortal ama s ¢t
uygul amal aréndaki eHayVahkd@lrektge sgemotekp edier - ev
dzeylerinin temel nedeni dir. Bu nedenle hayvanc
baka veri mi yé¢kseltmek i -in -evre fakt®re¢gng de
hayvanén i htiya-|laréné kaaké&hdegatak. K¥elrémé&j é&i k
dojru, géeveni o lir ve kullanélabilir kayéetl are v
-aléekanl ar én kararl ar é i Isegr gag nekdlaene€izrl glkklespel-a m
hayvancékiéimenénkgeké sajl amasAknkaete smrdualna rhéa yaarta s
sorumlul arée -al ékanlarénén g¢ncel bilgi i htiya-|
Kkl et me sorumlul arénén %13,r6Wsguniuklccdvvreplseé zZk alye@En a
hayér %77, 2706si evet kayét tutuluyor «keklinde ¢
ol ar ak %31, 80i akademi k yayeéenl ar, %4, 5 danékma
et mi KKwelrelt me sorumlul arénén ikletme karl él eéj eneé
kritik rol oynamakta ancak bu kayeéetlarda yer 3
uygulamaya akt ar em Boue cneorkitsaid & mdieh tdgykapa kdPuaydud® i .m Kk a r
sertifikaleée késa s¢greldi ejitim er faydal é ol acal
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¥zeHayvansal crée¢nlere olan talep ve st séjéeré iklet
gerektirmektedir. Hayvanceél ék i kletmelerinde .de sg¢r ¢
Ayréca hayvanceél ék ikletmelerinde g¢nl ¢k haftal ék, a
hangi i Kkin ne zaman ve nasél yapél acajénéen ©°nceden |
me mkender Beut mes ek aaynncaakkl airkelnén en et ki | i Kekilde y°ne
dej il sénérl éedeér . Mevcut kaynakl aré en etkin «kekild
i Kl et mel er i bu bajlamda ¢rettuatmmankalii yien | gy ok -md ma mg oms
genel i kKl etme karl él ék dej-eédélteendve meil gatindéi khjsasnl ek
biyol ojik isretim s¢greci sonucunda ol ukan gerldieg | erin
edil dijinde karl e bir cretim m¢gmkeén ol amamakt ader .
sistemlere ge-mik olan hayvancél ék ikletmelerinde ¢
Dijer sekt°rl erdei wll edtuihar 9 bet ihmiy vhen c&d étkemel i kKl evi
Uygul ama ve Kzl eme ve Dejerl endirmedir. Burada ayr.
i kKl etmelerinde t¢m bu s¢gre-ler iayérmalkkmenal mgmikkgerk | ol
y°net i mi uygul ama, takip, tespit, m¢dahal e, dejerl e
ékéjénda hazérlanan bildiride, s¢t séjércéleéejé ikletr
dP evrim kriterlerinin detayl é bir kKekilde incel enme:
Anahtar KelimelerHayvanceéel ék, Kkl et me, S¢re¢g YOPneti m, Bakar é,

Evaluation of Herd Management Success of Livestock Farms

Abstract: The cemand for animal products and dairy cattle enterprises requires more effective, profitable, and
sustainable. Herd management in livestock enterprises consists of many different components. In addition, there
are routine works done daily, weekly, monthly,yearly in livestock enterprises. Sustainable production is
possible by knowing beforehand what work will be done, when and how, and being prepared. This is only possible
with the most effective management of business resources. Because resourcemfingéaydhey are limited.

Using existing resources in the most effective way requires management skills. In this context, livestock enterprises
greatly try to keep production costs at minimum levels. However, the general business profitability egaluation
are mostly based on the inpotitput and price relationship. However, profitable production is not possible when

the losses that occur during the production phase of the income generated due to the biological production process
are ignored. In recent yes, it has become more important to prevent production losses in livestock enterprises
that have switched to labéntensive information and technolegytensive systems. As in other sectors, livestock
business management must fulfill three basic functidhese are Planning, Implementation, and Monitoring
Evaluation. Even if they are given under separate headings here, it is impossible to separate all these processes
in the form of intertwined stages and with definite boundaries in livestock enterptisdsnanagement consists

of implementation, followp, detection, intervention, evaluation, and management stages. The paper prepared in
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light of this information, is aimed to examine the progeny evolution criteria in detail and to develop a solution, as
an example, in order to reveal the herd management success of the dairy cattle business.

KeywordsL i vest ock, Enterprises, Herd Management, Success
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eti mde t emel verimlik form¢gl ¢ P=G+¢¢€
ni i fade et mektedir. Hayvan ne kada
bajl é olarak daeyéermmekt edmeTgrkinye' ¢:
% 96.4 '¢ ise bitkisel cretim il e |
%3265 hektar ar a22®dndcekt@Br2&raiséehda
inde arazi b¢yekl ¢ ¢ne sahiptir. O
Hayvanc i K| e t4pPé 185 indei®n %54 6 '7 hS PHiEHINdeh2@l9] 0
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s ay €9, &1517'sinde 289, %8.29'unda50 9 bak arasénda deji kmekte ol

I

|

r

»
XD T o
N — o x —

.%m:—-

o n
® " -

D DO D

@ S

u
czerindedir ( K, 2022) . Kkl et mel erin %23' én
Bu sakeéehami le tim kapasitesinin -ok alténdade
i Kl et mel erin et kil i, karl é@& ve s¢grderel eb
kaynakl|l arénén e t kil K e k ietimd aygubarfan @kipj reispit,i | e m
m¢dahel e, dejerl endir me vV e y°netim akamal ar énc
etmesinde g¢nl ¢k haftal ek, ayl ek veya yeéell ek
b u iKIerne-zamanhaagnasainyapelacajenen °nce
s(,rd(,rc,lebllir cretim m¢gmkender . ¢¢enkeg kayn
de kull anmak i se y©°netyvrmanbceecleerki ss o ng ed
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etkili planlama ve d¢zenleme yoluyl a
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rmek i-in sorumluluk i-erir. Bu, sor L

anngkegd akleawvel ma&@danéreeisajl amakl a il gil

net i mi i se, besleme, baréeéndéerma, ¢rer
bil gi dojru ol arak uygulanmasé ve kontrol ¢)
2. Planlama

r¢ y°netimin y°neti mi-nien ytaepngella ciag lée
cajé ve naseéel yapélacajé. Planl ama a
akkeéenda sistleemadli makl¢kghenr&nhi yer Obu
eken kekilde doldurmakter.

Pl anl ama, S ¢
Zzaman yapela
ve ara-1I|ar h
uygun ve ger

Hayvanceél ék s¢r¢ y°netimin y°netiminin planl ama

1 Hayvancél ek ikl et mesi mevcut durum tespit.i
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1 Hedef belirleme;
i Strateji tasar emeé;
i Kaynak kullanéemanvemhaal i yetlerin p
1 Temel performans g°stergeleri ve izleme y°nt .
3. Durum tespiti | 74
Pl anl ama s¢reci bir dejerl endirme ile baklar. |
se-enekl erini bel i ry narke ki -vien °tn¢crme |ii kkl estémea smenvac Wktol
i kKl etme kayétlarénéen ve ideal dejerl erini tesp
-al éexkanl ar én geor ¢k, °neri bekl enti vV e kat kel e
dejerimesdi yapmak i -in kullaneél abilecek en °neml
analizidir. Ancak bu analizin yapélabil mesi [
Hayvancél ek faaliyetlerinde karar khbhmhésgnéecant €
ancak et kild] bir mevcut durum analiz il e m¢mke¢ne
kayet wutul masé ve kayeéetlarén dejerlendirilerek ¢
Ul usal hayvandé&lléeknmesi e eiil mkkin kayeéetl ar ve v
hayvancél ék ikletmelerinin durumu hakkénda bil g

etkili bir yoludur.

et melerinde etrkliimaséi ve-ktutl akhék
i Lin-1: karar vermeye ve hem ¢r e

ma sSi st emi kurul duktan sonr a,
én karléelek ¢zerindeki et ki
t|

ik kayetl aré mevcut ol duj

Hayvancél
pl anl amas
-iftlhik Kk
hem de mal
Dojru ve

e
Kkl et meni n sitesine g°re uygunS¢gbicr ylRaeéti msin
ru kar a verebil mek ve s¢r¢g e€sl ahé yapabi
a ol makl a m¢gmkendygr . Kkl et mede tut ul
e s ¢vte keadngtmr ovleg sat;elselkemeygulamalarene [
st emi kull anél masé amaca hizmet edec
i

l erin hesapl anabi |l mersd@ mévei Ihee stagHk arn

giye s

yapél abil ecefji i -in kayet tut ma ve

5]

d

e verim kayeplaréné °nlemek ve sekt°rde
eekoloani Kka lgirt¢enl ipr ogr aml ar éna ul akabil mek i
asyonu gerekir. Hayvansal cretimin yojur
S programeée ve s¢rdereéel ebi lyi®mleitfiimi nhhay vzarmr
-alexkxterél masé ve sajlanacak ayni ve nakec
r ol oynamaktader .

étl ar i Kl etme faaliyetlerinin, hayvanl ar én,
agn€éhiar. ¢ok -exitli kayét bilgil [
tasar |l anmasé, kol ay anlakél abili
nNegkKt gréel mesinin kol ayn ol chaf@ncéda
ut manén sajlamasé gereken kriter]l
°neml. kararl arén alénmaséna t e mel
unsuruda . Finansal pl anlama kararl ar éna, €sl ah ama
kararl aréna yardéemcé ol mak ve ikletmenin genel f

< O —O0OS O QU= S ——

Pl anl ama °ncedeme kynampéa!l avceajme .k vieeg nasmd n yyagpréd lax@g ]
ayreca °nceden belirlenmik hedefl ere uIaKmak i -
Ol unan yer ile ol mak i stenen yer araséndaki bokl

i retim planlamasé,kKltal mpllayn&lhlraeéndygacCh&kyvan vy
vb.) karl el ek vV e s¢rdegreglebilirlik il kel er i u
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|l anacak kKekilde ¢retim faaliyetlerinin d¢zen
e-tir Bu y¢zden yetiktiricilerin hem ¢1 ke i
ecek kKekilde tasarl anmék ve bakaré ile uygul :
tim plane, gereksanekéme Mz &kt akkeeriyeil e - g nd
anl amaséné g°steren bir pl‘Ojek i yondur . P reti
i kKkenl i7Ji cretim planlama etkinlifJi zor |l akt
dleirk ni dojru olarak planlayabilen i«kletmell7r
ntajlaré ile ¢retim deseni ve d¢gzeni il e pa:
enl e, cretim pl anrllaégmav eb akearr désrée, | e bkilleitrml grrd tni o
atejik °neme sahiptir. Bu nedenle ¢retim pla
kar odakl e kararlar ile olukturmayé ama-1|ayar
etim planiamagl et melerde uzun vadeli Odstratej.i
del i Ooperasyonel 6 kararl ar, -ok késa vadel i,
kt°r¢nde ¢retimde bul unayo yakd mxmikk 3y dgéds &b d
zl a sayeda, Kk¢-¢6k °1-ekli, zayéef sermaye yapeée
etim anl ayekeneé s¢rdegren i K| et mel erin bul u
terél amamaséendaki. eHayVYaamlel ekaktkdret mel erinin
onomi k kal kénmadaki etkinlifi azaltan ©°nemli I
etim maliyetlerinin de y¢ksek ol duju bu ikl e
del lerin ol wrtcwrny,l ma g & rraeckaakhlt etr . Hayvancel ekt a
rlikte dijer bir °neml.i konu da ¢retimde yakart
rkiye dojal kaynak ve ekolojik kokullareée dikka
| ebtamear ésénda; hayvan ér ke, yaké ve verim dg¢z
i tesi sonucunda ortaya konulan faaliyet biri
eml i bakaré g°stergebtddetfar as &Knxkéretsnetl esaeégendart
nedenle inek bakéna elde edilen verim i«k-1ili
jerinin alténda olmamaledér. Ayné maliyetle b
an bidre khklréttihe&] én mukayese bile edilemeyece]i
i yeti unsurun da yem ol duju d¢gkegnegl ¢rse, s ¢t
e -ékmaktadeéer rreticiler kéndi yal dakanhekl ar i
]j1 @ olarak yetiktirecekl eri yem bitkisine kar
énan kaba yem miktarlaré incelendijinde, bazé
zla yaddpi azveyaesatéen aléendéjé saptanméxkter.
tiyacé 230 ton |ken, 205 ton ¢rettikleri ve 6
|l et me sermayesinin ve ar azinsei ng°nsteeptnemun dd g z
eticilerin i htiya fazl aséneé sat mak amaceyl a
|l et mel erde sateén alénmasé gereken s¢gt yemi, mé
besi yermernkiekrt,araragaé fdlcake mi ktareé ye¢gksel mi k
madan g¢nl ¢k kararlarla iklem yapéldéjénén g°
si f y emin mevcut vV e pl andaki mi kdajag | dbr&l g e
ml erinde olduju belirlenmi ktir. Buna g°re, buz
ktarée be¢gten i kKl etme gruplarénda mevcut mi ktar
zgisel ve deneyirmsneel dya°ymtnednglreérllaeb ivieercneekl ebu dur
den olup i kletme br¢gt kO©réna olumsuz et ki yap
anl amasénén asel amaceé, azami karé smeleddeay ac ak
etim planlamasé gelir ve gider maliyetleri et/
ngi fiyata sat él abil eceji, nerede satacafjé \
Kl amal édeér i Kl etmendca ffmewatultarpa ylaski M oxlud mam
Kénda oluksa da ikletme karl élejene -ok etkile
an maliyet unsurl aréna m¢gdahele ederek pazar/l
n yéllauvddaemekgyoje teknol oj i yojun sisteml el
etim kayéplarénén °n¢gne ge-mek daha da °nem ka
l et me y°%°neti mi de ¢- t emel i KYeuwli amaerveeKzgledr
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Dejerl endirmedir. Burada ayré baxkl ekl ar halinde
s¢re-ler i - i-e akamalar «keklinde y¢re¢ ve kesin
Bu bilgilerin eké]jeseda&ritaede&fléeanan edimediiris¢ge ., gt
i -in °rnek ol mak i2ere do | verim kriterlerinirt
gel i ktiril mesi ama-|l anmécxkt er .
4. MATERYAL METOD | 76
Sejer Yeti ktiricilerdi Birlijiodone bajleée ¢- fark
sajéemlaré ger - ekllle kOt3i.r2i0l12é0n ,t a0 .hA5%.r201ar asé dojunm
saj] mal ineje ait do°léerverKilm kahatml amgae dyeallkileka nakrll akieé
gebeli k bakéna tohuml ama sayéseé, il k buzajeéelam
periyotlaré akajéda kKkekilde hesapl anméxkt ér .
¢i zelKkd et .me d©°| verim ©llefi¢gt!| eri ve hesapl a
D°l wverim p/Taném Hesaplama
Kl K tohumIaKIk defa daméezl=KIlI k t ohuiKinaerka
' yakedeéer . dojum tarihi
. -~ 1=Kl k gebe-Kknalkd ¢
Kl ' k gebeli klKk gebe kalde](dojum t ari hi
Kl k buzafél Kneklerin ilk =Kl k buzajkenleskms
yakt ér . dojum tarihi
Buzajeéel ama Blrb|_r|n|_|zl'e‘=|zIAe)_/en bu-‘Zaq:f
araséendaki s¢r¢buzajélama tari
. . |Knepumnaj €l amaség= Gebe kal déej e
Sejgfl s perl d°l tutuncaya KkBuzajélama tar.i
GRgo el k' bak Belrelrdiolzn&orrtafar?\aetohl:]mev; Gebe gl dej e ab
t ohuml ama S| 9 - Wakem sayeéese
akKém sayeéseé

él

D al
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do | ver i mi dejerl endirmesi, Buza
zkg,énl ék ar aGeé&bes ¢k a&l mae aroshnueml aBua ajr
) ve {ErdmjetkbnkeE] pagamet?Pabmlr de |
esi ve sayfa kseéeeéet dfi kkat el éndj er
ir ¢¢nke,dahya g krs edk® | g ¢vnel rei kndiabag tn vaenrl
sretimi, daha y¢ksdenekbri r verim i -
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séejeéerlarén d°l wverimleri, -evresel ve fizyolojil
et menl er i -er iosyimadnea K°tnaedn@& ri. bD°rl rvodrisnit ©greet i mil re
devaménén vV e i KI et menin b¢ye¢mesDhDeli -venr iem ; ° rdem
ineklerin,ge be kal abi |l mesi ve sajl ekl e yavramlkadare el de
devam ettirebilmesidir.

Do | veri mi bir séejéerceéel ék ikletmesinde ivyi bir
gereken ol duk-a ©°nemli bir faktordg¢gr Bir i kKl e
buzaj él ama yarkea&l, éjba,zagerwina peri yod buzajél aad
sonra il k tohuml ama, ik kezgénl ék arasé s¢r e,
buzaj él ama oraneé 2228 iadckate Hdlkk tndy rjrijitk gpohdenlaman ge b el
gebeli k araléejéna ait ortalama dejerleri, ik 0
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dejerleri ve gebelik bakéna tohumlama sayél areée
standard@i zhehldgdietl adii & i | mi kKt i r

¢i zelFpa kil .é °Kk |Vetrmeml i ma dejerl| eri
Saj mal kapasitesi| 100 53 25 | deal
KIl' k tohuml ama yak503.83(471.22518. 40]|421-481.6

| 77

KIl'k gebeli k yakeé [541.15/497.21531. 36| 446511
KIl'k buzajéelama yg817.45/769. 75797. 24]692.23782.6
Buzajélama aralej413.47[{408N10410N6. 365395

Servis periyodu 134.37|124.47130N7. 85115

al —~ =

Gebeli k bakéena tdl1.80NO|1.91N0O1.84NO0|<L.7
Tespit edilen buzajéelama araléjé (g¢n) 413. 47N5¢
dejerler heda&f95bdgjoar deljen |33 en y¢i¢ksektir. Bakk
inek bakéna bir buzaj é a llim&ldeledlehertalamaeservisiperivodul a ma d
(geéen) dejerl eri idel,5 hgegddferdiejnery ¢klsarkt 85 . Ayneé
sayélréend ada istenen dejler yakalanabil mik defji
yet epeg me et kinlifji ol arak tanémlanabilir. Séj
dé¢zenl enmi kK bir Ol -t t oo, S¢r¢de inek bakéna yEé
et kinlifji % 100Nj d¢r85 (dejmer ietrikygBu Jisdg &li nd e% et
me mk¢n ol madéj énda hangi dejerlerde idealden saj
ge-ilir

Sé¢reé¢ y°netiminin amacé; hayvanlarén rahat ve Kk
yakl akeémliar y°a et aneé&ki hayvan sayéséna bajl é ol me
S¢ré¢ y°netim kararl arén alénmasé gerekir. KK €
dejerler ideal dejere ne kadaemekirakén i se i kKl et me
D° | ve st ver i mi czelliklerini etkileyen baze
buzaj él ama mevsi mi ve | aktasyon sérasé ol arak s
ark. (1992) servisI@ééhﬁuquVathunaﬁékémaéaéalar
bl ge kartlaréna adaptasyonda zorl anmal ar é, doj
i Kl et mede yakanan i dar.i sorunl ardan kayaswhk| anabi
sayéseé, mevsi m |vke tyoéhluém ,amdojaunml €] éné, il k toh
periyodunu, buzajélama aral éjeéené °neml.i d¢zeyde
Mar mara B°l gesi d6ndeki Haokl éknt éa y3n0l aaryd doal airlakk bbuizladjiérl
etkilerini ° nemli bul mukl ar , de | ver i mi °zel liKk
bil dirmiklerdir. Bir dijer -aléxkmada i se, gebel
olarakb ul un mu«k , gebeli k séraséna g°re 6 ve 7. geb
g°re yapeéelan dejerlendirmede en d¢k¢k dejerin ke
el de edil difji bildiril mi&niort(&#kcaokt d9® 40l arfrak
geneti k ve -evresel kaynaklée -exitli etmenlerin
Kkl et mel erde incelenen d°1l wverim ortlama dejerle
ol dujunun bir g°°isttlkrgessdnrtoBanmeamardari hl erin
tohuml amada gebe kal masé istenir (Akbulut ve artk
¢tal ékmada il k gebelik yaké genel ortal amal arée 5
belirl enmiktirnmrnynBerdke] sl eolSHAoIrti depet i efenken
ol duju ) anlakeéel maktadér. Bu dur um; il k tohuml an
gebeli k bakéna daha fazla tohumlama wuygul amal ar ¢
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Benzer olarak ikltemlerin ilk buzajélama yakeé or
géen olarak belirl enmi ktir Bu @9233¢8PR2 ec@led Mol nti ay r
czerindedir. Bu farhhél'éklatmetiefdelgebérmleyyeaaé
d°nemde ger-ekl ekmesi il e d-5¢elalydre&biylaikrt.a Kl tagsrg
ajérléeja eriktijJi d°nemde tohumlanmasénén uygun
Araka ésmnucunda d¢evel erion i |k t ohuml ama yaI
518. 40N14. 47 g¢n ol arak hesaplanméxktér. Bu durun
yetitirme programé ol madéej é ve aheake ftlogmer md art ehe i
S¢reé¢ y%entim uygul ma eskilifi ol duju anl akeéel mak
ger-eklextirilemedi i Ve yapay t ohuml ama uygul
yorumlanabilir
Bu araxkter neandageteeslpiikk beaddiédna tohuml ama sayésé o
1. 84N0. 0406 dir. S°z konusu bu dejer seéejeéerlar i-
dejerinden daha y¢ksektir.
¢al ékmal ar araseéendaki lsula m& md &k ie |l & kil aert ,me lae raikmn €
programlaréndaki aksakl ekl ardan Ve i Kl et mel er i

il

r. Ayreéca i kletmele kézgenek tespiti
da muht emedldermrde Kifkd rek Imé

rde

y°ne m programlareéneén
tohuml amal arén zamanénda yap

k a

m

ti
el mamaseé, yapay toht
ynakl anméek ol abilir
esi

ve postpartum sorunlardan

6. Uygun strateji geliktiril

Bir h a&ykv ainkclédt me sorumlusu sorunl aré saptamal é,
-%z¢mler ¢retmeli ve bunl aré uygul ayabil melidir.
uygul ama, dejerlendirme ve g°adcemi ge kiarrmea |l at é
bakarésénda belirleyici r ol oynamaktader . I k1l e
uygul anmaséndan sorumludur . Ayréca geleceje y°
s¢rekl i hedefeomesafet Baonamubdasghkn ve dejerl endir
¢Ci zelDgeve2.yeti ktirme ideal dej el eri

Il rklar/ d°l v/Hol k]Esmer Guernser | Ayrshire | Jersey

Dojum ajeéerl ek|45 34 30

KI' k t ohuml a mal 340360 | 340360 270320 270320 | 250270

KI'k t ohuml amal 1315 1315 1315 1315 1315

Buzaj él amad a k| 550590 | 550590 400450 400450 | 385430

Buzaj él ama yal2224 22-24 22-24 22-24 22-24

G¢nl ¢k Canl é |17 1,7 1,4 14 1,3

Ergi nACamnl €k |680 680 560 560 500

> e

24, ay
ilkine buzagilama |

; 13.a
sitten kesim 6.3y 12. ay ilkine gi¥tle§mé

kekliDl¢ ve yetiktirme ideal v¢gcut kondgsyon p
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Do | veri mi bir séjercel ek i kletmesinde iyi bir
gereken olduk-a °nemliybnetifmkndendcbey DRIC Veg deni
veriminin anl ameé; daha y¢ksek genl ¢k st veri mi
bir verim i-in daha fazla seleksiyon imkaneé de me
ireme g¢ce¢ iy ol an biyréls ¢lri¢grdeer byga vernu i anled&kn éerr.d e
ver i mi d¢kek seviyededir. Uzun buzajél ama ?7"95"
g°stergesidir. Do | verim d¢egkekl ¢ é¢negn bakl éca
Ejer i kletme d¢ved eyamd ny g d ke knei sheu zlayred aind e a l de
1. Buzajé dojum ajérl ejeé
2. S¢tten kesim ajérl éje ,
3. 3. ay jerl éejeé
4. 6. ay ajeéerleéeje
5. 9. ay ajéerleje
6. 12. ay ajreleéeje
7. 13. ay il kine -iftlexkme yaké beklenen ay aj e
8. 24. ay il kine baraeyjybEEpmatbhk&kbengapaymal eédeér .
Yapélan her tartémda ideal olan 13 ayl ék vyakta
rasyon d¢gzenl emesi ve kond¢gsyon takibi de yapel
ul akmak i -ai gehreerkltiardé,mde nl emel er yapél arak m¢gdah
7. Sonu-
Té¢rkiye son 10 yeéelda giderek artan hayvan sayés
yakal ayamaméxt éer . ¢¢nk¢ hayvancél ék -ok Bassas
ol ar ak sretim ger-ekl ekmektedir Girdi mal i ye
gzl enmektedir. Dej i ken piyasa kokul |l ar é creti
Hayvancél ék ikl etmeleri bu bajé¢rmdne at yr ma k mi miah il
gPstermektedir. Ancak genel i Kl et me- Elaré éivek fdsg
ili kki si esas al énmaktadeér Ancak biyolojik ¢ret
meydana gel°egn akayéegldad dgjinde karl & bir ¢retim
gelirlerin °nemli bir késméné g°t¢rebil mektedir
kayéeplaréenén fark edil memesi ve komircol galrte&sa ¢
¢l ke d¢gzeyinde ekonomi k kayeépl ar artmaktadeéer .
kayeplaré tespit edil medijinde kayéplarén et ki si
indirmek bakar é@lién ba katrleise naa¢ rbajy erde r
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H1299 Akci ] er KansGERISPR/CGhai;scOr eAr Hactbtv@&pebmin a C
Sustur‘ul maseé

Araktérmacé &ellDra. KWwjnrdeatki-@ ! yesi' F. Azize B
'Keréekkale !niversitesi

*Corresponding authoSe | da Kondak- é

¥ze@inegmegzde, kardiyovask¢l er hastal éklardan sonra Kk
al maktadér. ¥zellikle bazé kanser tg¢grlerinde gel eneks
azal t élhmeadseéf io-diank| € alternatif tané ve tedavi y°nt eml
terapisi, hedefe y°nelik -alékmalarda il k séralarda
mol ek¢gl l erinden hedef g&mMiA as IRANIAGY ami Kg-oRKNAK d dnli RINAY ¢
TALEN, CRI SPR gi bi farkl e genom d¢zenlkCagfesistemr a-1 ar é
Charpentier, Doudna ve ekibinin 2020 yél énda Nobel

t akkéndu sistem; DNA ¢zerinde ekleme, -ékarma yapma Y.
bir teknol oj i ol arak dejerlendirilMyeckt@gemnirni nt as$ @ xman
ama-1| andé. Transf eksinygonani --ianl éKkimad fae kWiTerRPCB rareddizii | zlia v e
ger-eklexktirildi ve PCR sonu-1laré Agaroz Jd242)El ektr o
uygul amada kull anél an ajanl ar é-fime sPCR cahatizk pC Tleo | mad é |
dejerlendirildi. Elde edilen verilere g°re Cas9/ gRI
belirlendi. Agaroz jelde el de edilen bant profilind
kull anél maseée idreérdaellad eetekd illie bsiolneuc-e7j i dekenegl mektedir
odakl é terap°tik -aléxkmalar a-éséndan b¢gyeéek °nem t aki

Anahtar Kelimeler: CRISPRCas9, Gen Susturma, H1299, R&ahePCR Lipofektamin

Silencing of the eMYC Gene in H1299 Lung Cancer Cell Line VIERISPR/CGas9

Abstract: Cancer ranks as the second leading cause of death after cardiovascular diseases in today's world.
Particularly, response rates to conventional treatments are low in certain cancer typesdayé&rgetfocused
alternative diagnosis and treatment methods holds significant importance to mitigate adverse effects. Gene therapy
stands out as a prominent approach in targeted studies. In recent years, various genome editing tools have been
designed such as RNA interference (RNAi) molecules like smaltlcoding RNAs (SIRNAs), microRNAs
(miRNAs), meganucleases, ZFN, TALEN, CRISPR, among others. Notably, the-CR$SRRstem gained a new
dimension following the awarding of the Nobel Chemistry Rni2920 to Charpentier, Doudna, and their team.

This system is evaluated as a unique technology enabling modifications like insertions, deletions, or alterations in
DNA sequences. The objective of this study was to silenceMye gene in the H1299 celine. Using
lipofectamine for transfection, the study involved MTT analysis and Re& PCR analysis, with PCR results
verified using Agarose Gel Electrophoresis. MTT analysis revealed that the agents used in the application (99.54%
- 124.2%) were nowytotoxic. RealTime PCR analysis was evaluated using tip@CT met hod. Accor
the obtained data, gene expression decreased in the Cas9/gRNA/Quercetin (10 ppm) group. Similar results were

"Bu proje; 2021/124 haoaivepsojesol 8i ak mKket éRkakeéér ma P
destekl enmi ktir.
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observed in the band profile obtained in the Agarose gel.sfeation with viral agents is believed to yield more
effective results. Increasing such studies holds great importance for-faoysied therapeutic investigations.

Keywords:CRISPRCas9, Gene Silencing, H1299, R@anePCR,Lipofectamine

1. GKRKKk

Akci peseki veya akcijer karsinomaseée %9%B90Kbuwuhaménd
karsinom ol duju -aléekmalarl a tespit edi | mi k &1 a
(White, Veronica; Ruperelia, Prina (20262 020 vy él éei gPati stdighlyari-rmpénd
i nsanda akcijer kanseri ger ¢l ¢rken, 1(S8ng ki | yon
Ferlay J, Siegel RL, Laversanne M, Soerjomataram |, Jemal A, Bray F (May)20Z1f. us i nsi dans
g°re toplam k¢resel akciijer kanser.i °l ¢m oranée

oranl arénda yine ng¢f uéWoildrCanced ResearénriFand Igtérmatonalllung s € r a
Cancer Statistigs

Number of new cases in 2020, both sexes, all ages Number of deaths in 2020, both sexes, all ages

Breast
2261419 (11.7%)

Luny
1796 144 (18%)

Lung Other cancers
2206 771 (11.4%) 3557464 (35.7%)
Other cancers Col
8275743 (42.9%) Colorectum olorectum
1931590 (10%) 935173 (9.4%)
; Prostate Prostate Liver
1414259 (7.3%) 375304 (3.8%) 830 180 (8.3%)
Oesophagus Stomach Pancreas Stomach
604 100 (3.1%) 1089 103 (5.6%) 466 003 (4.7%) 768 793 (7.7%)
Cervix uteri Liver Oesophagus Breast
604127 (3.1%) 905 677 (4.7%) 544 076 (5.5%) 684 996 (6.9%)
Total: 19 292 789 cases Total: 9 958 133 deaths

keki GLOROCAN 2020 yeni kanser vakal aistaistiden t ¢r |l eri ne

Genel akcijer kanseri ver-$dleve Kkeg-¢gk hgecreli alkm
kanserinkNSCLGk apsamakt adér. Akcijerakbasleé&k!| @i salodt ®@na
Ancak, SCLC genel akcijer kanserlerinin yakl akel
ol ukt ur duj u (Neil Baduenalli&;danujAgarva).i r .

Akcijer kanseri hast al ar & n dapi, cerrahi tedavi gibi gepemeksel k e mo t
tedavi y°ntemlerinin yané séra epigenetik -alex
Gel eneksel t edawit eynmetyem!| ertikndekrii n gideril ebi |l n
czerinde ¢dywrkul®mese tlakémaktadér. Hedef b°l ge odal
(RNAI), CRISPR (Clustured Regularly Interspaced Short Palindromic Refi2aisz e n | i Ar al ék
Bl ¢nmgk PalindromigkbTelkPat ek mel gat dakmeldek ¢! Be
hedef h¢creye ver i mli bir kKekil de ul akt ér él ab
kull anél makt adér .

1.1.CRISPR

CRI SPR, DNA, 6 nén Qaeskor airslee, |ORIussARarieldeerhaj |l ant él €
Bakteril eerddhe doglalsadywj éekéekl ék benzeri sisteml er i
el ementl ere karké kazaneéeCane ka dap teikfe kil mhe&n saif 4 tag/r
(Barrangou, R., & Marraffini, L. A. (2014D.¢, z e n | i aralg&l amdaomiok ¢tnenlg kar
(CRI SPRs) ve Pl kkio L genl eri (Cas) , bakteri \
sisteml erinin CtRd I8IR, b iDINAAK edn Ize d ii dni m.d e k i tekrar k.
Regularly Interspaced Shdttal i ndr omi ¢ Repeats; yani D¢zenld i ar

tekrarlar veya tekrar k¢gmeleridir. Aralayéceéelar
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uzunlujunda bir dizi tekrardaneoliyk ODNADNMA Nd 521 lue

ucuna okunuku ile komplementer zinci (Glisskl, okunu
Vergnaud, G., & Pourcel, 2009.CRI SPR k¢ mel erinin varl éjée 198061 i
ortaya konmukyeéodoleshnaadpr @aa@abyot ve ©%karyot canl e
bajéekékl ék sistemi haféeézal arénée ortaya -ékméxkt é
bakterilere saldéran virg¢gslerden veya wilragsmi t |
DNAOGIl aréné kendi DNAG6Il aréna entegre ederek |8Ren
-al éekméxkl arder . Bu sayede istila amacéyla bakte
ile karkélakéeldéjéendantekt ekiehdr | bajekékloekyaglki
geneti k °zellikli -0oju hastalek bakta ol mak ¢zel
-al ékmal arénén ° (guath P, Barrangou B (Ocak 2001 u k't ur

Son d°neml eddeemgleenima i p°ntemlerivyle vV e transkr

aracel éjeyla gen ifadelerinin manip¢le edil mesir
mol ek¢l er tekni k kullanél mékt ér . Bwnndléeg reé nv ea it ees éar
yakl akémlarda kull anéme gi bi avantajlarée sayesi
uygul anmaya bakCasaméatacel ECRgSEPRAd zenl emede kul
mal zemeyi hedef h ¢ucl raekntiénr mlar ovneo z@emuagr e et me ye
ar a- | (dharvelagkr2019.CRI SPR Cas9 y°ntemi ile nakavt «kKek
sustur ul mas éyv eoyvae rneokeisil reez seyadiré N me s i me mk ¢ ndg¢r .
1.1.1. CRISPR/Cas9

CRISPR assoctaed protein 9, CRI SPR ile ilixkkil:@ prot e
yeteneji yaratan bir proteindir. Geneti k m¢hen
biliminde bambakka bir -al ékma al yesineleDNAkesilip ° ne ml
dejiktirilebil mektedir. Bu di zi -al exmal ar y ¢

mi kroorgani zmal arén DNA'séna son derece y¢ ksek
-al ékma ve uygul amaliardéen ggeelnietiikr i H anetsa | érkd tair ccer
ge-il ebileceji, gel i Kmi K tedavi yenteml er i su
°ng°r ¢l mektedir.

e SSDNA
O e
PAM

>
Cleavage

k e k 2 CRISPR/Cas9Mlarius Walter, 201y

20206de Nobel KiDiNYai n¥d ¢l gdheai kesmeye yeni de
sajl adéjéend@as & es iCRtl ERiIRni n geIiKtirllmeS|ne kat k
Emmanuel l e Charpentier ile ABD'Ili dbi gyakiemynact @r @
0Genmak &ks: yakam kodunu yeniden yazmak idain bir
H1299 Akcijer Kkea&ERISRRCasYyl nd¢ eeni h&kaMYéCadp@inamak cust ul
ama-1| andeé

2. MATERYAL VE Y¥NTEM

2.1 Kimyasallar
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Kull anél an g BORNA NcTNontaeggt U il d/ial 3 Nmol negatif kontrol, Cas9, Opti
MEME I Ve Li pofectamin farkl e firmalar aracel
Massachusetts, ABD) firmaséndan temin edildi

PBS, RPMI, FBS, TE Buffer, Penisilinstreptomisin Kueretin MT T s o | isaprppamolualkol
RNA i z ol a BlighoPura RNA-Isplation Kift Roc he) ; ¢ D NAanssrgptortHeglz i -0
Fidelity cDNA SynthesisKi{f Roche) kull anel de. |84

Hedef gene ul akél masénda r e hAM rdizisi KGGelamgRINSA i -in,
belilendic-MY C geni i -in Syber green primer dizi si
c-MYC-For 306TCTAAGAGAAATCTCCTGAGCAATCS56

c-MYC-Rev 36 TCAAGACTCAGCCAAGGTTGTG56

Hedef genin kesil mesi ni Cagenzenihsd aiff ud emaes € nies tswarf U cau
vekesme enzi mi Cas96én kontroll ¢ olarak takénmas
| i pof ekt am n kull anel

22Y°ntem

¢al exmaalm akcijer kanseri, hpoéiiBeDvbEaMa tthée sh yerrd Hatit
antibiyotiktiglre bodrl dkteKgkpter ort améknelnl aneéelrd g
Elde edilen hg¢gcecre hatt eUykgeulltagmal eyra p 6 MBKrendligét crredlee r
RealTime PCR ve Agaroz jellektroforez yapél de.

c-MYC genia k c i jseerr Ikia nh ¢ witroeortamdatkmoék mwde sustarmét | CRISPPRCas9
v ntkeulil anél dé. K¢l tere edi IMhandtiZii2-929wel platetere | er i n e
y a p & well platd dRealTimePCR uygulsma |l ar é ger-ekl exktiril di

3. BULGULAR VE TARTI kMA

e
e

¢tal ékmamezda WHO verilerine g°re vaka sayéséna
-apénda °nde gelen °1 ¢m oranénaCaaBip®akemjerl ke
kanser| i h ¢-Myc genitingkhak-@é mtd a& d i lc me s i ama-1|l andéeé.

Kn vitro -alékmada H1299 h¢cre hatté ve h¢gcre Kk
testi yapeéel erken bir késména da PCR testi ve onil
Hedef genin knoclout olupsus ur ul abi | me si i -in Cas9 enzi mi kul |
ul akmasénda rehberlik et mesi i -1in, ilbgi i gene
transfeksiyon ile yapél deé Tr ans fngdkgsnegsesyonu e akt i f
i -in SYBR Greenfprwaed) ekul (aaekdée

24 kuyucuklu plateleleMTT anal i z sonu-1laré dejerlendirildi]j
sitotoksi k o-l2ha)daijedad. (% 99, 54

6 kuyucukl u pl ate ui -yiarp € dcée HRNA iikZd celmas yhoonus e k eep
-al ékmasé ve r°| ati-Mycdenifirekndcke ndi reme | i pkispseutrul d
et me k -Myc primerled dizayn edildi. Dizayn edilen bu primerlere referans gen belirlendi. Bu

referans genler ve-Klyc genini hedefleyen primerlel@ YBR Gr een mast er mi x Kk

ekspresyon anali zi yapeéel de. Gen ekspresyon anal.i
Cas9 tekniklerini i -erledi bi Kegkteal eredcdiylré@&n aiy+ &r ikk
yap®INBé ekstraksi yonu tMyma mgleanngn kkoglttreorl | errlud uc v e
ekspresyon -al ékmasé vyapél deée. Bu gen ekspresyon

verefeans genin dejerl er-Delt a Del*aheta)p | yaet? )a rr eD eyl at
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Tablo3.1 RealTi me PCR Analiz sonu-1I|areée

Kesim saati  Target Cql Cqg2 Kesim saati  Target Cql Cqg2

00-1 Actin 32,93 33,09 00-1 c-myc 29,23 26,98

00-2 Actin 33,08 33,08 00-2 c-myc 27,79 27,15 | 85

00-3 Actin 32,63 32,63 00-3 c-myc 26,82 2694

00-4 Actin 33,60 33,60 00-4 c-myc 26,98 28,16

00-5 Actin 31,15 31,15 00-5 c-myc 26,98 2894

00-6 Actin 32,44 32,44 00-6 c-myc 2691 28,11
RealTime PCR analizizpgCT il e dejerlendirildi. El de edil e
yapéelde ve PCR ¢reé¢nleri agaroz Aenhée ehekdMytod maleat
geni susturul masé i -ine uyagmuélamacktyéarp.eél Mes &kll a mall
deji kimler g°zlemlendi. Ayné-spemand& SYBRaGr ggé€n
sar mal a bajl anmaséndan dol aye konvansiyonel K
el ektrof or eznwdendeg rerttmey s - é€kan bantlarla da so
kontrolleri yapeéel méktér. Agaroz jel elektroforez
ccMyc geninin, gen ekspresyonu m\ameurtbaeyal-eyleamerb
Cterg _he_m kontrol grubunda, hem de yg ul ama vyaj
i fadesinin azal déejé sonucuna ul akel Kt er .

keki PCR. Lr¢nl erinin Agaroz Jel El ektroforez

2023 yéelénda vyayeénlanan ©bir -al @ékmada; CRI SPR
kanserinde (SCLC) serin/treonin kinaz h¢gcre bol
hedef ol dujunu belirledilerleSGiL@é&mnijin Dédaviusianm
hedefl erini b @liirrelne ma k SIC-LICFARk€mRE& SBERZCas9 HEOnNnt em
edil erek, C Diigofektasnin ReNBACALCE nhé;, cr e hat | akKémodi t e mnlsif el
SCLC h(,crelenindesuﬁilDﬂ:Wulmasénén I C50" yi azaltt
arterdéj] edengve aks(2023).t i | er .

2023 yél énda vyayeéPnZIRAmainn baikrér €aleékksnpardeas;y onu sonu
aktivitelerin akcPjlemekansémnindCdRHIiISP&t Ciasi9nit ekni
adenokarsinomu SRE1 h¢cre hat SECAA kylcrahelramak | i pof ekt :
ettlerPZR"'" nin knock out ile susturul masé kol oni ol t
i fadesinin zét etkilere sahip oldujunu belirtti
bir rol oy{kaame'sjeénege\lrekarmmlrlhedefeoan‘mﬁumeankonucun

(2023))

20216de yayénlanaf€Rb$PR -Gd €£X mkkatf @hir kjalneser i nde
direncinden sorumlu bajéemlé genetik bilekenler:i
geli ki mi ne katkéeda bul-ondujedi Venedbiunigmnc ns kinatcikn
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ettiler. Ancak bu -Brlwerkeraldoa ,k ¢ treamhse weekssyj yhoene n -plna
aj admeen,ti Cas9 bl ast gHIBiE!l e+ e Kiaka@2BKk ulKloaondal ar .

2023 yéléenda yayWtERT ameme bkansarniekmadrae hatteé si s
ERCC1 geninin akKeéer e ekspresyonunun rege¢l asyonu
lipofektamin ile verimli birkargopa s ar | amak ve karakterize et mek ama
noni nvaziv -0 ft hedef I i poliplekslerin verl@é
sergiledilini belirttiler. Lipofekpami pl kkli;la
gen transferi ni nyéakblialkdei( @avaidwive aHcbP3jar t ér déj e

4. SONU¢ VE ¥NERKLER

ccMyc genini n, gen ekspresyonu ve ortaya -ékan b
hem de uygul agmaupbpéladakgktigf ol duju g%zl enmi Kt

AncakReatTi me PCR verilerinin r°latif dejerlendiriln
dejerlendirildijinde; Cas9/ JgRNA/ Kuer smitktni 10

CRISPRCas9de t i k kur al lyaarp é-l earn- eavneasl ii®adecend ii @i ar tt ér €l ma

Transfeksiyonda | ipofektamin ile viral ajanl areén
ol abil eceji déekenegl mektedir .

CRI SPR Cas?9 uygul amal akEmeasialer mal zbei nheelkeernilne r thie
transfeksiyon reaktifinin dejiktirilerek daha fz¢
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Kars Y°resinde Etnobotani k Ol arak T¢gketile
Et kilerinin Arakteéer él masée

Araktérmaceé ‘Dayf¥hr&itlmi hye'si Neslihan Mt
'KKafkas !niversitesi

*Corresponding authoileslihan Mutlu

¥zeBu -al eékxmada Kar séén Arpa-ay il -esinden topl anar
Helichrysum arenarium (L.) Moench (altén otu) ve Ach
Hal k arasénda yaygén ol arak kull anélan ve -exitli rah

etkinlikleri in vivo ar& t é it @ll & & .ma d apozgif-(Staphylacotcus aureus ATTC 29213, Staphylococcus

aureus ATTC 25923, Enterococcus faecalis ATTC 29219), sekiz&gatif (Pseudomonas auriginosa ATCC

27853, Escherichia coli ATCC 25922, Klebsiella pneumonia ATCG@03, Escherichia coli ATCC 35218,

Escherichia coli 023, Escherichia coli 0143, Escherichia coli 0164, Escherichia coli O157:H7) bakteri

kull anél deé. Bitkilerin antimikrobiyal et ki-dnil fi ¢k yearn ni
met odu kull anél de. Met ot uygul andéktan sonra zon - @

mi kroorgani zmal ardan 11 tanesinden 106unun en az

mikroorganizmalar tespit edildikten sonra minimal inhibito k onsant rasyon ( MKK) dejerl e
ile 600 nmbéde tespit edildi. Elde edilen sonu-1lara g
dejiktiji tespit edildi. Rumex patientiagkdgaethanbd (E%k,
mg [/ ml) et ki eden bitki olduju, Achillea arabica met
dozda (15,62 mg /ml) etki eden bitki olduju, Helichr)
d¢kek doz/dml )( 7et8kimgeden bit ki ol duju, Achillea arabi
d¢k¢k dozda (7,8 mg |/ uju, yini

ml ) etki eden bitki old

en d¢k¢k dozda (7,8 mgel/imdl)eredik.i E.dceonl ibi @157 :0oH7d ug zue r |
Rumex patientia olduju g°r¢ldg. Dijer mikroorgani zma
€ gor ¢l de.

Anahtar Kelimeler:Rumex Patientia, Helichrysum Arenarium, hiNea Arabica, Antimikrobiyal, Metanol
Ekstrakt

1. GKRKKk

kifalé bitkiler, hem gel eneksel hem de modern t
bitkilerin sekonder metabolitler:i ¢ z efrd rnma sylatpiel
Kirketler bu t ¢r bitki temel | i met abolitl eri
kull anmaktadeéer (Il nbaneson vd. , 2012) . Bit ki ma t
bul unan sekonder met adbaon i k demakl aknoemb.i nBs y kralva rad
bitkilerin teéebhbi etkilerinin genellikle belirli
bitkideki sekonder met abol it kombi nasyonl ar éene
g°r ¢l me k(tVidnik , 1999) . Sekonder creéenloer bitkiler:
zamanda insanl ar i -in potansiyel t ébbi et kiler
sitotoksisite yoluyl a mikr oedri yearl¢ nplaetro,j einnlsearnel akradr
ajanlar olarak kullaneéexkl é& ol abilir (Kauf man vd.,
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Rume x, Pol ygonaceae ailesinin ikinci en b¢yéek ¢
genelinde Rumex cinsine aidolbaywé&idelreneaksskelt itled
kull anél maktadeér (Vasas vd. , 2015) . Genell ikl e |
de farklé& kullanéem forml aré da mevcuttur (Gaut a
yéksekli btarghyyeni ken -ok yéll ék bir bitkidir
tanenler nedeniyle genik bir kxekilde teéebbi bit ki
R patientia, Anadolu'nun biradblbh®dgediogde BOlyg
yvayéldéje T¢grkiye Florasé'nda belirtil mektedir (
-orbalarén i-ine eklenerek te¢ketilir. Yer el hal
y°neli k kafanaagl mdeifader .

Helichrysum arenariunf L. ) Moenc h, Asteraceae familyaséna a
cl kel eri ol mak izere Avrupa ketasénda gel eneks
patol ojilerin tedaegie s, 20t5Galbargd saanled makt adZ00gFr
cinse ait 20 t¢r bulunmaktadér ve bunl ardan 14 t
2008), kolorektalveane nf | amat uar ©°zel l i kleri (Shiekav fwud k,| é:
¢l kel erde sarél ék tedavisinde (Dritgulescu, 2016
bojaz ajrélaré i-in t¢ketmektedir (Anoni m).
Achillea L. cinsi, Asteraceae familyasenAsypatver
Kuzey Afrika'ya ©°zg¢ ol maséna rajmen, ayné zamar
da bulunmaktadér (Rechinger, 1986). T¢rkiye'de
( Duman, 2000) . Ac hi Irl¢ena tle.bbdi rPsziedd i&ilterbi rv-aalkd étr
ama-larla kull anéel maktadeéer (Bashi vd. , 2012). T
1996), ishal (Yexkilada vd., 1993), vy dedavisindg i | e K mg
gel eneksel ol arak kull anéel maktader. Ayr éca, yiy

bulunan flavonoidler ve terpenoidler nedeniyle antimikrobiyal aktiviteye sahiptir (Panda, 2018). A.

arabica (synonym; Achillea biebersteiniigdh . ) , Kars'ta dik ajrésée ve y
ol arak kull anéel maktader .
Bu -al é&kmanén amaceé, Tée¢rkiye'nin Kuzeydojusu' nd
°neml i insan patojenlerine Kkarraet @&rnmavki tvreo nainntiinb
konsantrasyonlaré (MKK) il e mini mal bakterisidal
2. MATERYAL ve METOT
21Bi t ki ¥rnekl eri
¢al ékmada kull aneél an ¢ - bitki °rneji, Kars' én £
aktarlardan temin edildi Bit ki materyallerinin
Bel ¢ mg¢, Bot ani k B°1l ¢m¢ ' nde Dr . G¢ | EsRumex Ak doj a
patientia L . y a p Hdidhriysam arenariumMo e nc h - i Achikeh arabica Ketsehy
kull anél de. Ticari °rnekl er musl uk suyunda yek
kurumaya bérakel deé. Kuruyan bitkiler end¢strivye
isimleri, genel isimleri, aileleriy e r e | i simleri, kull anél an késéml
g°stermektedir.

Tablol.Kul | anél an bitki ©°rnekl eri
. N ’ _ Kul | ant Geleneksel
Bilimsel ismi Familya Yaygeén Lokal t Késam Kul | an. Referanslar
Rumex patientia Polygonaceae Patience dock, Evelik, labada Yaprak Grip, tonsillit, ( G¢ nek
L. gardenpatience, °ks¢r ek, ¥zhatay,

herb patience inflamasyon

Helichrysum Asteraceae Dwarf everlastt Al t én ot ¢i - ek Di ¢retik (G¢gnexk
arenarium (L.) immortelle otu ¥zhatay,
Moench
Achillea arabica Asteraceae Yellow milfoil Sar é ¢i -ek Di k aj r ¢ (Fujita vd.,

L.

civanper i yil ek me 1995)
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22Bakt eri Sukl!l ar é:

¢ al e Kk mad gozigf{S.aBeusAiTC 29213,S.aureusATTC 25923 ,E.faecalisATTC 29219)
ve sekiz Granmegatif P.aeruginosaATCC 27853 E.coli ATCC 25922 K.pneumoniaATCC 700603,
E.coliATCC 35218E.coli028,E.coliO143,E.coliO164,E.coliO1 57 : H7) bakSaareus kul | ¢
ATTC 29213,S.aureusATTC 25923, E.faecalisATTC 29219,P.aeruginosaATCC 27853, E.cld

ATCC 25922 K.pneumonigATCC 700603 vé&E.coiATCC 35218 sukl ar é, Kaf
B°l ¢m¢ Mi krobiyol oj i Laboratuvareée tar afEzalida s a
028, E.coli 0143, E.coli O164,E.coli O1 57 : H7 sakll @ké Bagkanlsej é Hal k
Mederl ¢ ¢, Ul usal Tip Ke¢glter Kol eksiyon Laborat
mi kroorganizma | istesi Tablo 2'de verilmixktir.
Tablo2.Bakt er i Sukl ar e

S.aureus ATTC 29213

S.aureus ATTC 25923

E.faecalis ATTC 29219

P.aeruginosa ATCC 27853

E.coli ATCC 25922

K.pneumonia ATCC 700603

E.coli ATCC 35218

E.coli 0143 RSKK 322

E.coli 028 RSKK 314

E.coli 0164 RSKK 324

E.coli 0157:H7 RSKK 09007
23Bi t ki Ekstraktl ar é:
Kurutukemukwce °J¢teglmegk 50 g °rneji, °nceden eks
kartukuna al éndeé Kartuk, 500 ml kapasiteli Dbir
ol arak metanol kull anél deé .ab6m0a rklio nmd tdaun o K a-r°t zugka ¢
(1015 damla) yaklakék 10 saat boyunca berrakl akeéen

ekstraktl ar filtre kajédéeyla s¢zeldeg veSp@dCtike
arasémdasébakl ekta d°ner buharl aktérécéeda -°z¢nd
kurutucuda sakl ande. ¢t°z¢ceéeséenden tamamen ar éndé
kondu ve -alékmanén +4 UC({Ukeumgen-e&l Aksiur KEmesi
vd., 2006).

2.4 Antibakteriyel Aktivite:

Bit ki met anol ekstraktlarénén antibakteriyel etk
uygulandé (Murray vd., 1995) . Bitkndekstrgktd}ar
konsantrasyonu 30 mg/ml'ye getirildi, ardendan
organi zmal aré, McFarl and 0. 5CFU/aml d akrodnésnaan tgr°arsey oNa
ve 100 Ol S ¢ S pamsoiny oMmg aMu e¢l zleerri Nt yayél de. Di skl e
(300 Og/di sk) ile emdirildi ve agar ¢zerine yer
pozitif kontrol ol ar ak ampicillin/sul balgtam (S
mer openem ( MEM; 10 Og/disk) kullaneéel de. Knokule
edi | di (Adeg¢zel vd., 2005) . Knk¢basyonun rden
a-éséndan dejerl endirnidedi . Her deney ¢ - kez t ekt



o N
_C  17"UBAK, 19 20 Augus023, Ankara [<_~

UBAK UBAK
25Mi ni mal Knhibit°r Konsantrasyonlarénén Belirle
MKK dejerl erini belirl emek i-in mikrodilg¢syon y°
Enstite¢gse (CLSI, 2013) tarafeéndan belBAsaatikmaeen pr o
k¢l tereg McFarl and®QF U nelt' ayred aarydaérnl aa ngde@CBUei $bne k e | e r
konsantrasyona sahip olacak «kekil de s¢spansi yon
-%z¢lerek 500 Og/ ml stok konsantrasyonu hazérian
hazérl andeée. Her kKkownwuyYMH)L50e®i yMgli |l ekl BEndit . aze
150 Ol , ilk kuyuya eklenerek ve ardékék dil ¢syon
ekl enerek hazérl andeé. Son 150 Ol kesméesat &y a ék a
500 Og/ml ile 7.8 Og/m arasénda ayarlandé. Son
kontr ol ol arak DMSO kull anéeldée. Pozitif kontrol
7.8 0Og/ ml k o ndan tarngpsi ycoi nl i anr ahlaé&jéeen andéeé. Mi kropl alk
boyunca kareéxkteéerel de. Mi kropl akal ar , 37 AC'de 2
MKK mi kropl eyt ok-lgkcEda, (ABD) nhpul Bhéekldk dejerl

3. SONUC¢LAR
3.1.Antibakteriyel Aktivite:

R. patiential., H. arenariumMoench veA. arabicaK ot schy met anol ekstraktl a
bakterinin 10"unun en az R patential., S.khureysaTCd 26923,r | € o |
E.faecalisATCC 29219,S.aureuATCC 29213 P.auriginosaATCC 27853 E.coli0143,E.coli0164
veE.coliO157: H7 sukl aré ¢zerinde antibakteriyel etki
SUKQaureusATCC 25923 ve en akEzcoli®©i5k:H71oldp 0wl des pH.tsuedil
arenariumMoench'unS.aureusATCC 25923 E.coli 028,S.aureusATCC 29213 E.coli ATCC 25922,
K.pneumoniaATCC 700603 veE.coliO1 64 sukl aré ¢zerinde antibakt
-aplarénaEgli©0z28 eqiukuwnzExolixEC@n2m922 sukunda et ki
edildi. A. arabicaK ot schy ' ni n meBRfaeclsATCEA0AL9 H.calilOR8ePmeariginosa

ATCC 27853F.coliO143E.coliO1 64 sukl aré ¢zerinde et kiEleali ol duj
0143i -in °1 -¢l d¢, EBiOE- dk imorR |l--gpa¢i.se€Sonu-1ar de
bakteriyi et ki |l e Repatientieb t a n b 0 up k sH. arenriumMVibenehyes y | a

A. arabicaKot schy' nin izl eddargndriumffoe picth¢ mefadeakd ekstr a
ATCC 25922 ve&K.pneumonidATCC 700603 sukl areée ¢zerindeR. anti ba
patientaL . met anol E.¢olsQlr5a7k:tH7n é¢nz eirsiende anti bakteriye

Metanoleks r akt | arénén zon -aplaré Tablo 3'"te g°steri
Tablo3.Di sk di f¢zyonla olukan zon -aplareée (
S.aureu | E.faecali E.coli | S.aureu | P.auriginos E.coli E.coli K.pneumoni | E.coli E.coli E.coli
s ATCC | sATTCC | 028 S a ATCC | ATCC 0143 a ATCC | 0164 0157:H ATCC
25923 29219 ATTCC 27853 25922 700603 7 35218
29213
Rumex 26°03 8°05 o 14°01 12°03 o 14°01 S 12°03 10°02
patientia
Helichrysu 12°01 - 18°0 14°01 - 10°06 - 14°02 14°04
m 6
arenarium
Achillea - 14° 06 14°0 - 16°01 - 20°01 - 16°01
arabica 1
Kontrol 26°1" 15°07* 30** 40°01* 18°01** 24° 05* 22°02 22°02" 30°01 50° 03~ 40° 05

* MEM; 1kp ©y/ 6AMK 20* OgT@8&s 15 Og/ di s

3.2Mi ni mal Knhibit°r Konsantrasyonlar ( MKK):

Di sk dif¢gzyon y°ntemiyle metanol ekstraktlaréna
suklaré i-in MKK dejerleri belirl endi. Sonu-1ar a
dej i kK m&JdatienddiL.. metanol ekstraktn én en d¢ K¢k MKKadeapA®Ci (15.
25923 ¢zeri nAdarabigagKmg Isgcthlyemet anol ekstrakténéen er
Og/ mlfapcalisATCC 29219 ¢ zerH. arehariumMoemicth enkit ladio.l ekst
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d¢KekdWMKETr (15 .EediODg/ mbk ¢ r i h ek arabfcaKgtschyrnietanol,
ekstrakténén en d¢kek BMHIO1d48] grzier ( b8 e63AOg mi Xt
arabicaKot schy met aBamliO1lebkds torzaektinrdéen 2451 GRi Ot Mk @ bk u
g°r ¢l d¢g. MKK dejerleri Tablo 4'"te sunul muktur.

Tablo4.Mi kro Dil ¢syon Y°ntemiyle Belirlenen |92KK

S.aureus| E.faecalis| E.coli | S.aureus| P.auriginosa| E.coli | E.coli | K.pneumonia| E.coli | E.coli
ATCC ATCC 028 | ACTC ATCC ATCC | 0143 | ATCC 0164 | O157:H7
25923 29219 29213 27853 2522 700603
Rumex 15,62 62,50 - 31,25 31,25 - 31,25 | - 31,25 | 31,25
patientia
Helichrysum| 31,25 - 15,62 | 31,25 - 62,50 | - 31,25 31,25
arenarium
Achillea - 31,25 31,25 | - 31,25 - 15,62 | - 15,62
arabica
Control 7,8 78 7.8 7.8 7,8 7.8 78 7.8 7,8 7,8
(Ampicillin)

4. TARTI k MA

Daha ©°nceki -al ékmal ar da, Rumex te¢grl erinden i zo
antitge¢mer, antibakteriyel, antiviral ve anti fur
aktivitelere sahip ol dusjtueriid miiktt i ¢ . vAyNeg viawmanc
mantarl ar ¢zerinde etkinlik g°sterdif§ji ve antiwv
2006, Ki sangau vd., 2009, Lee vd., 2005, Liang
2001, RivereCru z vd. , 2005, Tayl or v d. Rumed pRigtfan érLi t er
antibakteriyel aktivitesine dair az sayéeda - al €tk

Rumex patientid.., S. aureusATCC 25923,E. faecalisATCC 29219,S. aureusATCC 29213,P.
aeruginosaATCC 27853E. coliO143,E.coliO164 veE. coliO1 57 : H7 sukl aré ¢zeri ni

et ki g°stermektedir. Zon -apé °IS: aunreusATGCa2B923 | ar € n .
ol duju ve en az EBtdiOLb7oHdAduplLdesiuuwubel sel enmi Kt i
antibiyotik direncinin ciddi bir sorun haline ¢
dejerlendiril mektedir. Poziti f k oR patiemtlametamob buy | a
ek st r aSk awrenstAnr C C 25923 czerindeki et kisinin ant
g°r ¢l mektedir H afnariumla.l ékmadk| eri nin met anol eks
aktivitesi, °nceki bazée - al é@wdn20l4).rGradinaru ydidm! u b u |
arenariumme t anol eX auteusa k@ E nZ2mM9 23 ve nteduiewsizdlneet ldairréen
dijer sukl ar czerinde et kil ol dujunu g°stern
e k st r aBdciluacereuv&Snaureusa kar ké et kil i ol duju belirle
El de edi | en Haemium@ae rac lg'°édre,di jer - aSauncudCCGr|l a uy
25923 E.coli 028,S.aureuATCC 29213 E.coliATCC 25922 K.pneumonigATCC 700603 veE.coli

0164 suklareée ¢zerinde et kisi ol duju belirlenmick
E.coiO23 ol duju g°zlemlenmiktir. Farkleée Achillea t
-al ékma bul unmakt @ddhibeaclavedmamreijn nuy- Beur ilki lvadkenl er i n
potansiyelini inceledi veE.coli ve Proteus mirabilis e kar ké bakteriyel beyeérn
azaldejéené bul mukl ardeér (Bezic vd., 2AcHlBa) . Can

millefoliumun Streptococcus pneumoniae, Clostridium perfringens, Candida albicans, Mycobacterium
smegmatis, Acinetobacter iwoffi ve Candida krusgie kar ke antimi krobiyal

bulunmuktur (Candan vd., 2 0e0n3l)e.r iBnue -eakl éoklnaardaak, bPar
S u K |Excoli®28,E.coliO143,E.coliO164,E.coli©O1 57 : H7) karké anti bakter:i
ve bu suklar ©°nceki -al ékmal arda bulunmayan sukxl
edilenbt kil erin antimi krobi yal °zelli klerinin dikka
yeni antimi krobiyal ajanl arén °©°nemi arttek-a, S
bazé -al ékmal arda anti bi ywdétsitlerdiifen-bluil undwlj aim daz
-al ékmal ar i-in dejerli bir kaynak ol abileceji
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Evaluation of Hybrid PowerSystem Feasibility Considering Battery Degradation

Abstract: The deployment of renewable technologies in energy is valuable for carbon targets. However, due to
their intermittent power generation profile, supporting the system with superior batteryestergge systems
(BESS) and designing hybrid power systems (HPS) is critical for a reliable and sustainable energy supply. The
technical operation of BESS can affect the energy balance and system performance in many aspects. In this study,
minimum cost HBs are optimally sized in a muditear sensitivity analysis for prosumer demands in the
distribution grid using shared BESS at lower depths of discharge (DOD). In addition, the HPS feasibility results
caused by low DOD are improved by considering variowat€ and replacement degradation limits. The results
show that increasing the-tate can reduce the cost of energy by up to 3.15% and CO2 by up to 8.9%. Moreover,
reducing replacement degradation limits by up to 30% could lower total net present cagttd$.63% and
increase the renewable fraction by up to 1.1%. Evaluating the technical operation of BESS from the perspective
of many stakeholders will help sustainable development plans.

Keywords:Battery Degradation, €Rate, Depth of Discharge, Optimtican, Hybrid Power Systems

1. INTRODUCTION

The performance of batteries is tightly coupled to charge and discharge cycles that gradually reduce
their capacity. In additiorg higher Grate cause the voltage drop rapidly due tohe greater internal
resistance (Kebede et al., 2021Y o balanceeconomics and state of health (SOHjre utility-scale
transforming variable high €@ate and battery efficiencies into eoomic representations in an
optimizationframework can increase revenu&arker et al., 2017However, especially in radial
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distribution grids, extremely high penetratidrdestributed energy resources (DERS) and increased grid
dependency can lead to reverse power flow. To avoid this probtgrgving the voltage profile and
reducing the active power loss is necessemypsidering the effect of-€tes for the optimal plaement

and sizing of battery energy storage sys¢BESS)Gupta et al., 2022aln particular, a @ate of 0.33

can guarantee relilboperation compared to oth¢@Gupta et al., 2022b)

Differently, in the transition to zerenergy buildings, the depreciation of the initial investment; self |
consumption rate, feeid rate, simultaneity irenergy generation and consumption, and the effects of
depth of discharge (DOD) and discharge power on SOhplicate the BESS sizing procg3sioumas

et al., 2021)Moreover, the tradeff between BESS investment costs and lifetime to determine the
optimal DODs is one of the critical issuegie microgrid integtaon of BESSWu et al., 2022)Solving

the complex charge/dischargehedules and the trad#f between DOD and BESS lifetime can solve
these issues, minimizing the cost of microgrid extensions in simoitlongterm operational plans
(Alsaidan et al., 2016)However, the four classicainglefactorbasedbattery degradation models
(Arrhenius, CAPN, linearand PLET) can also impact dajpead energy managent strategies in the
microgrid (Wang et al., 2020Arrhenius models determine battery life as a fuomctf temperature, -C

rate, SOHand aging and help taccurately estimate cycle lif&ucinskis et al., 2022)For optimal

BESS sizingoward renewable energy integration, such models may also need to consider the aging
characteristics of the technology and the power lertfiat the system may confrdiiie La Torre et al.,

2019) Moreover,including additional costs duto battery degradation in optimal management plans
strengthens the correlation of different opegtimodels with degradation cogBordin et al., 2017)n
contrast to Arrhenius, neural network estimation of battery degradation based on ambient temperature,
C-rate, state of charge (SOC), DOdhd available energy capacity can redoatery system cost by

up to 78.6% in micragds using the daghead markefZhao & Li, 2023) Also, ensuring optimum
degradation charactelist under operating conditions can minimize annstatage costs in DC
microgrids(Dulout et al., 2017)

On the other handjsing batteries in stationary energy storage systems (ESS) without considering
degradation can increase the renewable fraction (RF) by up to 2QZ284 Falama et al., 2022pad
covera@ and selconsumption by up to 14.08% and 16.5@% et al., 2020)This neglect could also
reduce the usage of diesel generators and COE by(Ia&3%bus et al., 201ahd 28%(Qi et al., 2022)

and thus eliminate C{by 3.62%( | -t u]j & A z.dAphaugh benefits2c@nlb8 maximized
without considering battery degradation in hybrid power systems (HPSs), inaccurate results will risk
operational plans. However, in many application graash as peak demand reduction, control reserve
and UPS, itg critical to consider the BESS based on different stress levels and degradation probabilities,
including the operating time and mo@eraenz| et al., 2019 Differently, to incorporate wind energy

into frequency modulation, the shonaimgs of existing DOEbased models in linearization problems
need to be addressed withr&te approaches that consideffetent control methods of BES®iu et

al., 2022) The performance degradation of BESSs under different storage and cycling conditions
dependhg on their thermal environment and chadigcharge routines should also be characterized to
smooth renewable ergy generation profile§Smith et al.,, 2017)Moreover, in offgrid systens,
determining the energy supply from the BESS and the load demand during-disalgege cycles at

the lowest cost and with high reliability can guarantee the battery degradation coptiarad DOD

(Hlal et al., 2019)However, operating all cycles at different D®and optimal SOCs for each day can
providea reliable feasibility proced$-allahifar & Kalantar, 2023)in addition, determining suitable
BESS control strategies based on functionality and power capacity reduces lifecycle costecaisd$
selfsufficiency rate{Shabaniet al., 2021) Although worthwhile, the effects of capacity decay and
temperature variatiomust be carefully considered in BESSs and control strategies to determine
renewable energy capacity factqding et al., 220). Charging BESSs, especially the case of wind
power curtailment, is critical to the sustainabilifyutility -level energy servicgRayit et al., 2021)

The effects of various degradation parameters have been frequently tested and evaluated in many
literature studies. Howevethis study evaluates degradation parametesmultaneously developed

aging models considering Arrhenibased functional, relative capacity versus temperature, cycle to
failure versus DOD, and life versus temperature curves. In addition, the Rainflow counting algorithm is
used to analyze aging based cycles and calendar degradation. Moreoverat€ and replacement
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degradation limit effects are evaluated to improve battery aging performance at lower Ti@Ds
benefits in technical, economiand environmental optimization outputs in the develope8 Hi®del

are compared. Also, increasing electricity tariff, electricity demand PV degradation are considered

in multi-year indepth sensitivity analyses to enhance the accuracy of the minimum cost optimal HPS
feasibility outputs for the prosumer distution network using shared commBESS.

2. METHODOLOGY |98
2.1.HPS Design and Modeling

In this study, the PV model is represented by three different equations. The PV array output power is
calculated by Equatiofi), while the cell temperatures are determined by EqudBpto be used in
Equation(1). The efficiency that the PV model can provide under nominal test conditions is considered
by Equation(3).

v s s e 0o o s e
0 0 898"0 8p | 8°Y0 TYj (1)
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Three parameters for the storage system modeled with@tkeystem, chemically bound energy, and
available energy for energy conversion are considdiealfirstis the maximum storage capacity, which
indicates the totatnergythe two tanks can store. The second is the capacity ratio, which is the ratio of
the size of the available energy to the composite size of both tanks. Finally, the rate constant is the
energy conversion rafeom boundenergy to available energy or vice versa. Based on these parameters,
the maximum power that the tank can charge over a giegodis determined by Equatidd) and its
discharge by Equatiofb). In the case of discharge efficiency, the maximum discharge power is
calculated by Equatio(6). In addition to determining the range of energy entering and leaving the
storage bank, two limitations are imposed on the maximum charging power. Thedirsbroesponds

to the maximum charging rate at which the charging power of the storage is calculated by Eguation
Another limitation is related tthe maximum charging current and is calculated by Eou#8). In
particular, considering the three limitations on the charging power and the gheffigiency of the
storage, the maximum charging power is sah®lowest value in Equatig®). After calculating the
actual charging or discharging power at each time step, HOMER calculates the bengydobtained

with Equation(10) and the avitable energy with EquatioiLl). In addition, the lifetime energy output

of the batery pa&k is calculated in Equatiofi2) depending on the maximum capacity and voltage of
the storage, the number of cycles until the chaage theDOD.
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The first submodel of the aging model uses the functional approach. Based batteey's internal
resistanceit is possible to consider the losses and calculate the output psimg Equatiorn(13). 199
Depending on the circuit behavior and considering the square of the circuit current, the output power
decreases with increasing current. By equalizing the derivative of the output qloowthe circuit

current to zero, the limitation to the maximum current corresponding to the maximum ue@rtis

given by Equatiorf14).

0 ®»0 YO (13
© (14
h C'Y

Another of the sulmodels involves characterizing the temperature as the bulk thermal capacity. At each

time step of the simulation, the energy dissipated by the as#iies resistor is either converted into

heat or increases the bulk temperature in the storage bank. The corresponding heat is transferred to or
removed from the ambient according to the conve
to seriesesistane is calculated by Equatiqi5). At the same timehe rate of change in the internal
temperature of the battery acts accordinthtoenergy balance Equatiti6). The differential solution

of the energy balance equation is determined by kmu#i7). Based on theetevant equations,

HOMER effectively adjusts the S@Q&depending on the available temperature of the battery pack.

0 "OY (15

GoY 0 Y 'Y'Q (16)
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The relative capacityoncerningemperature represents anotherswael and is calculated in Equation
(18) by fitting the parameters,dh, and d promised by battery manufacturers.

60N OBWOEE G QH @F OBMO DY QY (19
The most important of the subodels is how to calculate calendar and cycle aging. Functional
degradation is considered asapacity reduction and series resistance incréaseasing degradation
rates at each time step, regardless of whether thesamki$e or idle, are determined in calendar aging.
Calendar aging depends only on terapare, as in Equatiofi9). In contrast, cycle aging refers to the
cycle fatigue in the battery. The numberd®D-dependentycles until replacement alculated by
Equation(20). The rainflow counting algorithroonvertsthe SOGdependent time series into discrete

cycles with each DODIn contrast,the cumulative cycle degradation is calculated from the DOD
assocated wth each cycle with Equatidi1).

Qo 6Q " (19
pfyd 60 (20)
(0] 60 (21)

AC to DC and DC to AC energy conversion is provided by a converter that can operate as an inverter
and a rectifier. Inverter output poms calculated in Equatiof22), rectifier output power in Equation
(23), and conveer efficiency in Equatio24).

0 0 - & 0 (22



/ /

~

(17" UBAK, 19 20 AugusR023, Ankara (<
UBAK UBAK

0 6 - & o (23

T S c— (24)

The PV, BESSand converter meet the demand of 30 household prosumers connected to the common
distribution busbar, each consuming 10 kWh of endadly. At the same timesnergy is also purchased |100
from the grid, considering the intermittency of renewable energy sources and the fully discharged BESS.
On the other hand, the residual energy is sold to the grid at 0.02 $/kWh. The studhndiastedn

Istanbul, considering the tiraf-use (TOU) grid tariff. Ahough a carbon tax has not yet been
introduced, the impact of a unit of electricity purchased from the grid on carbon emissions is calculated
as 426.1 g/kwWh when considering a carbon tax of 20 $/ton as a future projection. Differently, an inflation
rate of 14%, a nominal discount rate of 23.3&td a project lifetime of 20 years are assumed. In
addition, multiyear sensitivity analyses were performed in HOMER €aosideing an electricity tariff

of 3.5%, electricity demand of 2.3%nd PV degradation & 5%. Tte HPS model is shown tarror!

eference source not foungdwhile the technical and economic optimization inmitthe HPS are given

in

Table20.
Figure 15. HPS Model
ACBUS DC BUS
i
) 1

Grid Purchase _\ : -« « EEEE

30 Prosumers —-_—

Solar PV

."-—-:_ DOD, C-rate,
replacement degradation limit
criasale (i|mmmm) N —) DD‘DB
' Sy e ' Lithium ion
BESS
Converter
Table 20. Optimization hputs
HPS Parameter description
PV Capital cost 1500 $kW
Replacement cost 1250 $kW
O&M cost 10 $/kWiyr
Converter Capital cost 300 $kW
Replacement cost 300 $kW
O&M cost 0 $/kWiyr

BESS Capital cost 300 $/kwh
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HPS Parameter description

Replacement cost 250 $/kWh
O&M cost 5 $/kWh/yr

Load Peak load 61.76 kw
Average energy consumption 300 kwWh/day |101
Load factor 20 %

Grid Flat tariff (06.0017.00) 0.0822 $/kWh
Peak tariff (17.022.00) 0.1199 $/kWh
Valley tariff (22.0006.00) 0.0 $/kWh

2.2.Scenarios of the Study

This study focuses oenhancinghe technical, economic, and environmental HPS feasibility outputs in
case of operating at lower DOD and improvitige performanceconcerningBESS aging while
considering the €ate and replacement degradation limit for the relevant objective. In the HOMER
optimization framework, the optimal sizing is performed with a minimum cost objeatideo robustly
assess the possible impact of theae due to lower DOD, the maximum useful capacities are assumed
to be 300 kW for PV, 250 kWh for ESS and 200 k\Wckamverter. The scenarios considered in the study
are shown irmmable21.

Table 21. Scenarios of thet8dy

PV Converter Replac_eme_nt_
Scenarios Capacity (?(Evsh? Capacity D%P)max Crate degradation limit
(kW) (kW) i (%)
50
300 250 200 50 0.23C
B 20

2.3.0bjective Functions and Decision Criteria

NPC minimization is performed in coordination with CQihd hybrid configurations with many
possible costs are presented to stakeholders in an incremental financial order on the optimization screen.
The difference between financial cash flows and revenues at the end of each year is discounted to a
presentday basis and summed. Accordingly, 8Rs calculated by Equatiof25), while the capital
recovery factor (CRF) used in the NPC calculaii® determined byquation(26) depending on the
discount rate and project lifetime. On the other hands @Zalculated by Equatid27) as the ratio of
annual electricity generation cost to the electricity load served, while operatingreodietermined by
Equation(28).
"YE€ OGENE Gl B EDO Y
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The other objectives of the study are to ensure that the RF is as high as possthaétlamtbtal carbon
emissions are as low as possible. Accordingly, how much electricity demand can be met from renewable
enery is calculated in Equatiof29). At the same timegsumulative CQis determined in Equatiaf30)

based on the emission factor per unit of electricity in the grid mix.

8

YO p p T (29

1102

5 0 60 00 (30)

The othercritical criteria for the BESS technique are battery wear cost and autonomy. The storage wear
cost, which represents the energy cycle cost in $/kiltalculated in Equatio(B1), while the
autonomy, known as the size of the storage bank with respect to the electrical load, igcwaluat
Equation(32).
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3. OPTIMIZATION RESULTS

Figure16 shows the impact dheC-rate on HPS outgs, including operating cosEOE, NPCRF, RF,

CO, storage wear cost, throughpahd cycle degradation. In generalr&es above 1 C have little

impact on HPS outputs. The increase in charging and discharging currents and powers makes BESS
more valuable in meeting prosumer demand and hetteation of PV power generation. COE can be
reduced by up to 3.15% and NPC by up to 4.46% due to the improved performance in thdeuaplg

balance. As the total operating cost of the system is not only dependent on BESS and due to the improved
perfamance in energy management, annual operating costs are reduced by up to 24.78% qn average
and many prosumer benefits such as selling electricity to the grid are realized. Moreover, increases in
C-rates towards carbon neutrality targets reduced ByQupto 8.9% and increased RF by up to 1%,

even for a small operation scale in the study. However, due to the higher charging and discharging
currents and powers, the cycle degradation until BESS replacement indeeas82%, and the
associated tradeff mustbe considered.
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Figure 16. HPS Feasibility Bpending on Gate
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On the contrary, at higher-@tes, with a replacement degradation limit of 20%, COE can be reduced

by up to 3.69%, NPC by up to 5.2%nd RF by up to 1.1%. C@s eliminated by up to 11.15%, while
total annual operating costs are reduced by 37.35%. Accordingly, the comparative effect-cditthe C

andthe 20% and 50% replacement degradation limithersystem is shown in

Figurel7. Lowering the replacement degradation limit can maximize prosbemafits For example
compared to Scenario A at lower C ra€§E can be reduced by up to 3.35%, NPC by up.68%,

CO: by up to 8.16%and operating costs by up to 25.4%. At higher C rates, these benefits can be

increased byip to 1% forCOE and NPC, up to 2.3% for G@nd up to 12.5% for operating costs. In
this context, higher €ates emphasize the differenoetween the effects of replacement degradation

limits on HPS outputs.

Figure 17. The Effect of Replacement Degradation Limit on HPS FeasibilitysZlering Grate
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4. CONCLUSIONS
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due to the operation of BESS at lower DOD is improved by considering-thee@nd replacement
degradation hit. Moreover, multiyear sensitivity analysis considers four different-dalgradation

models, cumulative increasing electricity demand, grid taifél PV degradation: Functional, relative
capacity versus temperature, cycle to failure versus DOD, f@tichié curves versus temperature using
Arrhenius and Rainflow counting methods. The results shovirtbiagasingC-rates can reduce COE by

up to 3.15% and C£by up to 8.9% undexhigher replacement degradation limit. However, an increase

of up to 7.82% in cycle degradation up to the BESS replacement could causediftsitdation. On |104
the other hand, lowering the replacement degradation limit can reduce NPC by up tasd&3% by

up to 10.46% while increasing RF by up to 1.1%. According to the results, the significant beneficial
impacts on Gate and replacement degradation limits, even at small operating scales, can bring many
stakeholders together in a wwn environment focarbon neutrality goals. Additionally, this study can

be extended to green policies using different battery technologies, considering various discharge depths
andhourly and daily demand variability.
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¥ze@%r me engeldi ol an bireylerin géenl ¢k yakant él aréne
mini mum seviyeye indirmeleri gerekmektedir. Bunun i - |
teknol ojiye ger eksitneekmovVvajdarn Gehimmerdeyl e birl ikt
kol ayl akt ér mak amacéyla akeéell é& baston, akéllé saat, |
ortaya geliktirilmik ve geli«kti millémenae kdh@ schenéam ae temak
karkél aktéekl aré engell eri al gel ayar ak, kull anécéeya u
kull anécénén engele olan mesafesinin hesapl-8Rdmasé Ar
ultrasoni k sens®°r¢yle ger-eklexktirilmiktir. Sonrasén
(titrekimli) uyareée olarak aktaréel mékter. Ger-eklextir

séra kul Inaénre ctéiypai nuiy adbee se- me i mkané sunmaktadér.
Anahtar Kelimeler:G° r me Engel | i Bireyl er, Ultrasoni k Sens®°r,

Sistemi

Auditory/Tactile Warning System Design For Visually Impaired Individuals

ABSTRACT:In order forindividuals with visual impairment to continue their daily lives, they need to minimize

the difficulties they may encounter. For this, there is a need for technology that can eliminate the obstructive
aspects of the difficulties. Today, with the developroénechnology, many auxiliary products such as smart

canes, smart watches, talking scales and voice warning systems have been developed and continue to be developed
in order to facilitate the lives of the visually impaired. In this context; within tbpesof this study, a system

design that detects the obstacles encountered by the disabled individuals and warns the user has been realized. In
the design, the calculation of the user's distance to the obstacle is realized with-BiRG4Qiltrasonic sensor
connected to the Arduino Uno microcontroller board. The measured distance is then transmitted to the user as an
auditory (audible) and/or tactile (vibration) warning. The design is very-effsttive and allows the user to

choose the type of warning.

Keywords: Visually Impaired Individuals, Ultrasonic Sensor, Microcontroller, Sound and Vibration Warning
System

1. GKRKKk

D¢nya Sajl ek ¥rgemgel(IDiSI¥i) KW, nki kgi°nrien bedensel i K
kat el eménda séneéer | astmmnduacruwe n olowkaany a t o pil kaonaesael vV e
olarakt anéml anmékt é (WHOge2001j kKoeaki 2010pn-¢el ar da
Kekill erde sénéflandérél abil mektedir. DS¥6ne g?°
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-evresel faktorl er) dejerlendirilen enge
sosyal Ve karmakék e eaqgeael |grluipkt &g lnrecke | & meneE
[ ndér mal ar engel | il iabilmekedin WidG,a 200 Entlce e,
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n d¢zeylerini; tam g°rme, késmi g°r £l08 n
iji ve gece ko°orl ¢ ekl é nide gE&Emmd | faonmles
ayréntéleée «xekillerde jerl endirmek ve ih
anél maktader. 2021 yel a DS¥ taraféndan ye
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az si st emi °neril mi ktir. ¥nerilen siste Nnesne
trekim Keklinde uyareéelar verecek kekilde tasart
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.1.Arduino Uno
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t(etkb@nr vd. , 2015.,; WWaluank miad . k ap2sOainve)nda mi kr oden
kontrol et mek amacéyla Arduino programlaréné ya:
ve y¢klemek 1 -in Arduino I DE kull aneéel mextér
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22Ul t rasoni k Mesafe Sens®rg

U trasoni k mesafe sens°rleri, ses dal gal aréneée k
et mek i -in kullanéelan elektronik cihazlardér.

vyvenlendirilen ses dalgalmeeafayiyah&s@Amamab@ as
¢al ékma kapsaménda bireyin engele olan mesafesi
ol arak olduk-a pop¢l er vwRRO0Oyda yggeams %orl ¢a rkakl It aemrécli nmé
kul I aneélkmaéscéan énne dbean | er i arasénda uygun malivyet,

bul unmaseée ylAkbay\all 2022k t a d é

2.3.Buzzer

Buzzer genellikle sesli uyaré veya sinyal ver mek
titrexreyetbiik bmbin ile -al ékmaktadérl|l ar. Piyasad
t¢erl eri bul unmakt adér. Akt i f buzzer, pasi f bu
kapsaménda piezo buzzer terrciiharasémdaxtdgky;, IBuma
boyut , dée¢kKek g¢- tedielt e mi | mees ik oy eary aklomakrtad (
2017)
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24Titrekim Motoru ve Anaht ar

Titrekim motorl ar é, mekani k titrecxki nktromekgnk t i tr e
cihazlardér. Bu motorlar, genellikle titrexkimli
ve dokunsal tepkil eri simgl e etmek gibi uygul a
titrekim motorunuend&kalld apakmEagal chejdeemda bireyl e
uyarélaré iletmek ve dikkat -ekmektir. Bunur]og |
i stedi i uyaran tipini se-ebilme imkané sajl amalk
3. TASARIM

¢al ekmada g°rme engell| bireyin °n¢gne -ékan eng
uyaré veren bir sistem tasarl anméxkteer. Tasarl ar
ise titrekim motorumabtadeér. véeche@mrhbari mi ndéuye
uyarénén keklini se-me i mkané (sadece sesli, sac
Tasarl anan sistemde kullanécénén °n¢gnde yer al a
al galrak , hesapl anméxkt ér . Ardéndan hesapl anan bu
ol arak aktarél méktér. Mikro denetl eyiciye yazeéele
hem de sesli uyar eéneén Kirdedne tni nb ens | aerntnmeassi € asnsajcl éayr
kull anél mekt ér Yapélan tasarém bir kutu i-erisi
sens®°rl eri -ékareéel mexkter . Bununla birlikte kul |l :
cilde temas eden yerine bir delik a-éel méekteér. Ya
tasarl anan sistemin devre kKemasé, devresi ve dét

(b)
kekid°rime engel | bireyler i-in tasarlanan ikKkitsel/ dc¢

4. TARTI k MA

Bu -al ékmada, g°rme yetisini késmen veya taman
amacéyla kullanéceéelara ellerini ve kollaréné dah
tasarémé ger-eklextirilemgdllri. bliarseayll emiam ka rsk eln
bir mesafeden tespit edil erek, kull anécéya i
ger-eklexktirilmicktir. Kull anécéya uyareénén «kekl.|
engelibieyl erin d¢kme ve yaralanma gibi sorunl ar én
Unomi krodenetl eyici karténén kull anémé maliyet, ¢
yapél masé gibi bir-ok avantaj ssaftleanméknéebir KF a

akelle telefonlara entegre edil mesi pl anl anmakt e
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El ektri kIl Ara-|l arén Gelikimi ve Ara- kar]j
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Correspodi ng aut hor: Muhammed Said Yél ma
¥zelt: 70" | i yéll arén baklaréna kadar pop¢laritesinde d
Ortadoju'da yakanan petrol kri zi nedeniyl e Awyupaai den c
ve Japonya'da art arda EV geliktirme dalgal aré orta
ic-¢é¢ncegse 1979'"dan sonra ve de°rdégnceégse 1990'1 arda gel
endi kel eri, hagkime€ehear maEY pdestfek sajl amaya sevk et mi
hi mayesi altéenda Ford v& @©eneEeaBEnElbLeetil meargsendanhk-
°nem takémaktadér. AC el ektiriek °met orélkk awne baio day wam , k & lo ki
kaydetmiktir. 2010 yéleée, General Motors'un -evreye dt
km/'s heza wul akabilen Chevy Volt'u piyasayBNmopr mesi ne
gécene ve 240 km -al ékma menziline sMhiEV BMWuinBake ad
Bu °rneklerin her ikisi de s¢rekl i méknatésl & senkro
bir kategori ebekktukbn akgtlar (BEV' 1l er), yal nézca
sistemlerine g¢venerek i -ten yanmalé motorl ara ol an |
ihtiya-1lareé karkeéel amak i -uwl anradékrl &l mraasrg z osrtuanslyuo nhua Ite
bir dizi i Kkl evsellije sahip olan EV «kar]j i stasyonl ar
y°nl ¢ hem de -ift yenl ¢ g¢- akéké ©°zelahaikatégeridd n i k ar
séenéflandéereélabilir: iletken ve end¢ktif Karj mekani:
Anahtar Kelimeler:El ekt ri kIl i Ar a-1 alrn Hiabrrji tT,e kYhaokl éotj i k¢ cr ePsliu,g Kl
kar |

Development of Electric Vehicles and Comparison of Vehicle @jiag Technologies

Abstract:Electric vehicles (EVs), which experienced a decline in popularity until the early 1970s, were revitalized
due to the oil crisis in the Middle East during the 1970s. Notably, successive waves of EV development emerged
acrossthe United States, Europe, and Japan: the first during the 1960s, the second following the crisis of 1973,
the third subsequent to 1979, and the fourth surfacing in the 1990s. The backdrop of heightened environmental
consciousness and air quality conceimshe 1980s prompted governments to extend financial support toward EV
programs. Of particular significance was the collaborative effort between Ford and General Electric in 1988,
under the aegis of the U.S. Department of Energy, resulting in the credtiba ETX1 vehicle. Distinguishing

itself with an AC electric motor and a sodigulfur battery, this vehicle marked a pivotal advancement. The year
2010 witnessed General Motors' unveiling of the Chevy Volt, featuring an environmentally sensitivé 111 k
continuous magnet synchronous motor, capable of reaching speeds up to 161 km/h. Contemporary instances
include the BMW i3, boasting a motor power of 125 kW and an operational range of 240 km, as well as the
Mitsubishi FMIEV, with a range of 160 km. Botti these examples continue the trend of integrating continuous
magnet synchronous motors. Battery electric vehicles (BEVS), constituting a distinct category, exclusively rely
upon electric motors and energy storage systems, obviating the reliance amalintembustion engines.
Consequently, the deployment of diverse charging station typologies becomes imperative to address these
divergent needs. Incorporating a comprehensive array of functionalities, EV charging stations span frem single
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phase to threghase systems, and encompass both unidirectional and bidirectional power flow capabilities.
Furthermore, these charging devices can be classified into two primary categories: conductive and inductive
charging mechanisms.

Keywords:Electric Vehicle, Chargingechnology, Plugn Hybrid, Fuel Cell, Conductive Charging, Inductive
Charging
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1. GKRKKk

19. yézyélen i kinci -eyrefji el ektri kli ara-1|ar e
Anyos Jedl i k, kée-ék ©°1 -ekli. eAreakctérni ke Ineokttorrilku nipoi
tasarl améktér. Ardéndan Holl andalée Profes®r Stre
Franséz muci't Gustave Trouv?®, Kasém 18816de Par|
tekerlekliee k t ri k1l e - al eékan ar a-Tut 2020é.t éKnmeg iyl atpeméek tvéer HrC
ara-laréen il k tanétéméneée yapan ¢l kelerdir. EI ek
yézyeéel én bakl aréenda olknmuik tairra- |Elredcatnr obbiarti,diirl kv ee
Salom taraféndan ¢retilmiktir (Kahraman, 2018).
kull anel méktér (Putnieks, 2012). 189706daksiyKkngi | t e
ticar.i ol arak Z@alyyzyel gre-hammi «atémd a, 1900 yeél
1903 yeéel énda -bkernizegndri ealreak-tlrairkél ii cat et mi kKl er di r .
ve geliktiril mi ktniery.seAy md adrke mll e&r dhei bd i t el ekt |
Porsche yapmékteér ve araca Mixt Wagen adéné ver
kull anél mékt ér (tnl ¢ ve ark. , 2003; Kel @) ol2aDrlat
kadar azal mékt é Bunl arén bakl é&ca sebepleri, A
sistemine sahip ol maséndan dol ayé uzun menzil .
ara-|laréen ser.i ¢ ryeettilme vgee -kmuilkl, a nuéyl gaubni Imarl iol masé,
benzin fiyatlarénén uygun hale gel mesidir. El ek
ortadan kaybol muktur . 197061l erde OrtaabDmgxudénmki
Ameri ka, Avrupa ve Japonyabébda 4 EV geliktirme da
19736ten sonr a, i.-¢hce¢e dalga 19796dan sonra ve
Brant, 2008; Kraft, 2009Tur, 2020. 19806 | seda et ki si ve hava kal.i
konusunda artan endi ke sebebiyle EVO6Iler h¢gkegmet |
madd.i destekler verilmeye bakl anméckteér. 1988 yE€
GeneralEB ct ri ¢ f i r mallaraér acaé& ajfréentdialnmiEKTtX r . Bu ara-ta

vesodyurss ¢ | f ¢r batarya kul | aneé® malelitl@rkm mehzilirs&hip yee | gel

saatte 96 km héeza ul akabi9l8mB&kitee dierk.i tHriannesla kuea i A
ol arak kull anél méktér. 19906dan sonra yakeét tas:a
ve batarya teknolojisinin gelikmesiyle -0k sayeé
204) . Peugeot 106 Electric, Ford Think City, GM
vermekl e birlikte, prototip ve deneysel ama-1| ar
el ektriklI:i ara-1|ar, AC imegksenybnomomotrowvekal Isg
Prius, 19976de piyasaya s¢regldegjeéenden beri mo d e

Honda I nsight ve Civi c(Tulve 8rk.,@@3)20 Y& syaglaé mda uGenu & it
Chevy -VoMrnte@dudostu motor teknolojisiyle 111 kWOoI €

ve saatte 161 km heéeza sahiptir. G¢enegmegze kadar

BMW i3 ve 160 km menzilli MitsubishiMi EV ar a- | ar &€ dden lksriare krhat amé kknualt |
cretilmiktir (¥zbey, 2020) k-2 ay Rlolaalrséd@ aar a®dMd
ar a - ol-ugpnl bayamya il e beslenen 3 fazl é&, 4 Kkut
menzil samblmakmbm Wezé saatte 201 kmédir. Tesl a
Mo d el 3, performans modunda saatte 261 km heéeza

560 km mesafe gidebil mektedir. 20kXB0t earqa@tté K &b 6 4
menzile sahip ve saatte 282 km héza ulakabil mek
Togg marka %2100 elektrikli otomobilin TL10X modeli, 88,5 kWsa batarya kapasitesine sahip uzun

menzi |l bat arya se-eneljmgHltee 5268 Kamtnees aX &5 gkmdeb

(Cakmak ve ark. 2022)
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2. ELEKTRKKLK ARA¢LARI N SI NI FLANDI RI LMASI

El ektrikl:@ ara-1ar, onl arée -aléekxktéran elektrik
kategoriye ayrél maktadeéer.

21BataryakkBiehetatr { BEV)

Bataryal é el ektriklI:i ar a- (BEV) , yal nézca blilr €
bajl eder ve gel eneksel i-ten yanmal & motor a (1?1C
etmek i-in bir elrdlatrr i(KArkdy nvee] éamrak .t,akédl21) . BEVE
yardémcé ol mak ve genellikle frenler taraféndan
aracen elektrik motorunu kull anan r agjlemrer aAriac éef
menzi | i bat arya kapasitesine bajléedér (Ehsani %
dezavantajlarée Tablo 16de g°steril mektedir.
Tablol.Bat aryal e el ektrikI:i ara-|l aréen avant aj

Avantaj Dezavantaj

S é Enaisyon | CE tabanl é ara-1| ar

D¢kKek 1kl et me mal | CE tabanlée ara-1I| ar

Hezl é& ve yumukak

Gaz veya benzin ikmaline gerek yok
22Hi brit el ektrikl:@ ara- (HEV)
Hi brit El ektrikl ideapoal-u alrCH HEeV O6E SI,i yealkeekt r i k
sistemine sahiptir. Hem | CE hem de el ektrik mot
el ektrik kKebekesinden «kxar|j ol ma °zellijif yoktur
frenl eme ikKleminden gel mektedir (Lowry ve Lar mi
ara-|laréen avantaj ve dezavantajlaré Tabl o 26de ¢

Tablo2.Hi brit elektrikli ara-Ilarén avantaj ve

Avantaj Dezavantaj
BEVOIl erden daha wuzun g¢evre kirlilifi 0
| CE tabanl é& ara-1lardanBEV6l ere kéyasl a
| CE tabanl é& ara-|lardarn¢al eékma mekani zma
23Plug-Inhibrit el e kt r i kI i ara- (PHEV)
Plugi n hi brit el ektrikl:i ar a - i -ten yanmal é moto
yanmal € motora sahip olma °zellifji, onu uzun me.
getirmektedirkarmE)V aedirljelbi hmelkt edier. El ektrik ar a

daha b¢yek elektrik motor gé¢ce, daha k¢-¢k | CE
2020).Plug n hi brit el ektrikli ara-1 arrigmektedivant aj ve
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Tablo3.Plugi n hibrit elektrikIIi ara-larén avant aj
Avantaj Dezavantaj
Uzun s¢rée¢kK menzili cevre kirlilifi or
Gel eneksel | CE tabarBEVOkeéeyasl a -al ext
yakeéet t ¢keti mi |114
D¢kek emi syon dejeri

24Yakét h¢gcreli elektrikli ara- (FCEV)

Yakét he¢gcreld el ektrikli ara- (FCEV), BEV gi bi
yerine bir yakét hg¢gcresi kull anéel maktpaléet Mgarc
hi drojen gazé ki myasal enerjisini EV motoruna g
borusundan sadece su buhar é -ékmaktadeéer (Bayr
sénefl andérél masé g°steril mektedir.

?
1‘
|

Fes et e .
Bt e aE - Tamamen elektrikli arag
B oS T TS T

LT T TH T - Sarj edilebilir batarya kullanir

E

0

my— H2

HEV PHEV FCEV
- Hem elektrik motoru hem de igten - Geleneksel bir hibrit aragtan daha - Elektrik tireten yakit hiicrelerini kullanir
yanmali motor igerir genis elektrik araligina sahiptir - Hidrojen sarj istasyonlarinda yakit ikmali
yapilmalidir
kekiEll ek.t ri kI ar a -(Laakkoaem,2@28)n &éf | andér él mas é

3. ELEKTRKKLK ARA¢ kARJ TEKNOLOJKSK

El ektrikl:i ara-|l arén «xar|]j i htiya-Ilareée, farkle s
farkl él ek g°stermektediak Bui metlanklké t1hpigaxkhan
duyul m&latrgdérst asyonl arée, elektrikIli arace kKarj
ve ark., 2019). EVO6nin karj edil mesi , azlke yvey g
.- fazle karj cihazlareée ile ger-eklexktiril mekted
Kar j ci hazl ar é& ol(dossaitwe askE 2088 | and ér él makt ader
31Kl et ken (Kabl ol u) «kar|]j

Kl etken karj, g¢chelh&siarimaé EViarasekdai dkojkreudan
Bu kKarj y°nt emi olduk-a verimli ve sajlamdeér. Kl
ol arak sénéeflandérél maktadér . Yerl eki kégat | amall
nedeniyle EV ile entegre edilmiktir ve bu tg¢r K
EV kKarj ci hazlaré ise boyutlare, ajeéerl éklaré ve
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Kar j ci hazl arzé bEMO npianr -aaysreéldnej i | di r (Khaligh ve
merkezleri ve ¢niversitel er (Mondolive atk.a202R)Blektaikli € k par
ara- «Kar|j modl aré | EC 62196 ul usladrexmad &arbiyra pana:
El ektrikli ara- bataryalaré dojru akém (DC) ile
Kebekeden gelen alternatif akéem (AC), dojru akeée
i KI emi nde, lyw nd © rz@Kdmdlestyaaspelmaktader (Karapéna
Mod 1, elektrikli aracéen g¢venl ik protokolg,llll

Akém 16 ampere (A) kadar, gerilim ise 120 veya
gereklidir ancak -oju prizde topraklama ol mama
geliktirilmiktir (Brenna ve ark., 2020). Mod 2
dahi l ol mak ¢zere g¢venrliiZe pbajtlokmdrd ek ikarlje edial
kadar, gerilim ise 120V veya 240V ile séneérl an
El ektri kIl ara- «Karj modl| aré g°steril mektedir.

< Kontrol ve iletisim ‘ .

" MOD 4

L 8 SR

(] «  Kontrol ve fletigim «  Kontrol ve iletisim - ' .
kekiEll ex.tri kI ara- Kar|j modl|l aré (Vel ati a
Mod 3AGaptriz yerine Mennekes tipi bir konnekt?©or
bajl anmal édeéer . Konnekt®r¢n yedi pini bul unmakt
bajl antéséenée (Neutral), t o pr aklériai (Peoxinbityp & Coatnolt € s é n &
Pil ot) olukturmaktadeéer. Bu kKar|j modunda ara- is
batarya durumuna ve g¢ceéhe g°re i stasyondan ket
(¥zbey, 2020)napPgréaanaéredpn KHaysi stem korumal a
vb.) bulunmaktadér. Bu sebeplerden dolayé mod 2
sunar 16A veya 32A, 240V karja 1iQov, veoomake ekda
DC hézle «kxar]j ol arak tanémlanmaktadér ancak hem
kadar izin verilmektedir. Avrupa ve Asya ¢l kel e
(Hall wve Lutseyl,ek2O1li7k)l.i Taarbal-o kdadrtje sEevi yel er i g°
Tablo4.El ekt ri kil i ara- «kar|j seviyel eri ( Khal'i

kar|j S| Gerilim (V) G¢- (IKullaném kar] R

Mod 1 (AC) | 120240 1,419 Ev veya ofis 4-11 saat

Mod 2 (AC) | 240 4-19,2 Ev,i Kyeri 1-6saat
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kar|j S| Gerilim (V) G¢- (IKull anem karj ¢

Mod 3 (DC) | 400 50-100 Kamu, K e I 0,41 saat

2010 vyeéel énda Toyota Motor Corporation il e Nissa
Industries Ltd. ve Tokyo Electric Power Company
standartl arénéen (| EBDBE), EC astandaztlard é n 2-23®% 0 8 Bvlel eTnM ¢ st
standar t | £3-2nvé 6219639 1 8b5 1 par-asédeéer . 200 kW ile
kapasitesine sahip ilk DC standarttér. Adéné, i
2015).

3.3.CCS combo 1

Elektrikli ar a- arabiri mi gi ri ki mi, Audi , B MW, Dai ml e

Vol kswagen tarafendan ol ukturulan ve Charl N EV ¢
Combotype konnekt©°rlerini deéeeenti| &ypyeamektPul ugKitCCIS.
AC ve DC «kxarj e ger - ekl exkti FIme&C GI0nIEQ@ p28I6A s ahi |
standartl aréna sahiptir.

3.4.SAE J1772

SAE (Society of Automative Engineers), Otomotiywv

kesaltmaséndan al méxt eéer . KI'k ol arak 1905 yeéeleéend

Kali forniya Hava Kaynakl aré Kuruludédndan (CARB)

destekl emektedir (Kukdojan, 2017) .

3.5.IEC 62196

IEC (Internatiom | El ectrotechni cal Commi ssi on) , Ul usl ar a

kurul muxk, elektrik ve elektronik ile ilgild@i t ek

yayémlayan ulusl ararasé bir aomagamxkiazaeyanduwr .prli &

konnektOorl eri ve ar a- girikleri i-in gereklil:i

(Kettles, 2015).

36Tesl a konnekt°r ¢

Tesl a kKar|j konnektorg¢, ©°zelliklenABbbleshuPlzahtl

vV e DC «karjé ayne konnekt°r czerinden vyapabil me

edilebil mektedir. En yaygén «kxarj soket te¢rl eri k
CHAdeMO CCS Combo 1 SAENT2 Tip 1 IEC 62196-2  Tesla Supercharger

L SN Y W

) T
- 8 v (o]0
g
Sarj Tipi AC Sarj DCHizli Sarj AC Sarj AC Sarj DC Hizh Sarj
Pin Sayis1 4 7 5 7 6
Kapasite | 200-400 kW | 50-100 kW 7,68 kW 12,8 kW 140 kW
Gerilim 500V 600V 120-240V 400V 480V

kekiklard. soket t¢rleri (Mastoi ve ar k.,
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37End¢kti f k&mapl osuz)

End¢gktif veya kabl osuz karj ci hazlareée End¢ktif
Kebekeden EV6ye aktarmak i-in iki bobinl:i bir si
yézeye yerlexkxtiriktiakg!l mbkektéaddrobi kebelse alreachkV a
gerektirmez (Sanguesa ve ark., 2021) I PT tekno
Kekil de «kar|j et meyi me mke¢en keldéeklare 0 -
konnekt©®r gerektirmez ve ara- hareket hal inlieyk
aktaremé genellikle zayeéefteéer ve verimli gé - ak
bokl uj tkrOWON c2mM arasénda ohomadlurgyer eXm2k) edkeki(lC ¢4
Aktarém sistem yapésé g°steril micktir.
L)\MJ — Alic1 Bobin
Zemm m—’ \’erm Bobm
kopaons [] pevine [] oo [] e

kekiEIl ek.t ri kI ara- Karjé i-in end¢gktif g¢- aktar
¥n¢gmezdeki yéll arda kent sel al anliafPrda¢sHleeltrt imalsi
ara-larén ayné enerji kKebekesine bajlanarak ener
enerji depolama ¢niteleri ol arak i klev g°rmesi
gece saatl bekaedkenenbajl ararak «kar] edilecektir.
t¢egketim i se d¢ K¢k ol duj u i -in el ektrik enerjis
bajl amda, ara- sahipleri akeéel | é&c de ddldusabilecekase a k b a
y¢ksek talep dPnemlerinde depol adéekl aré enerjiy
avantaj elde edebil eceklerdir. Bu s¢recin etkin
Karj/ dekaryasiaramkeategre adil mesi pl anl anmakt ac
5) czerinde de -al éxkmal ar yereéetel mektedir. Bu
sisteml er i araséenda bir k°prg¢ 'ilkarevii- ign® rAre&k-ttea nc
(G2V) ve kebekeden Ara-a (V2G) eneriji akékl ar éné¢
i -in bir yan hizmet olan kebekeden Ara-a (V2G) i
enerjiticaretfiyata éné bel i rl emek veya mevcut enerji mi kt a
operat®°rg¢ ile iletikim kurmaktadérl ar. El ektrikl
hem enerji alémé hem de enerjieneajliamkexet eod ejsi
-eékmexkt er Ener ji akéeke, enerji Kebekesinden al
adl andeéer el rken ara-ta depolanan enerjinin Kebe
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— Sebekeden Araca [G2V)

—————— s Arsctan Sebekeye [V2G)
‘ 4 = > Haberlesme

S, |118
\ﬁﬂ‘
JJ(: ﬁ- = e e
| s —= _ 2 P Tt
| — >HEEE —— sy
Elektrik G A Akilh Garaj Elektrikli Araclar
kekiAlk €3 .1 &r gyyag a4
El ektri kli Ara-larén (EA), cretim maliyetl erini
a-éséndan en kritik bilekenlerdir. Bu bajl amda,
mal iyeti, her ki |l awatatmas arabt0 (dkowha)r biakkeénn,a bour de ]
dol ar/ kWh ve 2014'"te ortalama 380 dol ar/ kWh sev
kWh bakéna ortalama 300 dolar d¢zeyine d¢gkecefji
Ele&kt ri kli Ara-larén birim maliyetine yanséyar ak,
bekl enmektedir. Dijer bir gelikme ol arak, Japony
Organi zasyonu (NEDO)",inkuwm &mlpiasbatairpa Lk kal oje
ol duk- a uzun menzil e sahip yeni nesi | batarye
ama-|l amaktader. Gel ecekteki projeksiyonl ara bak
milyon armaé@ Beklenirken, bu ara-I|larén yakl akel
civarénda tahminde bul unmakt adeéer) El ektri kli A
yansétan dijer hedefler de mevcuydmuurEA'¥yranegami pAl
hedefl erken, ¢in 4 milyon EA'"yé hedefl emektedir
kadar 1.7 mi | yon EA sayéséna ul akéel maseé ger ek
arakteéermalar, 20Rakkm wehbhlhandanégm»Wby¥@nunuwn el ek
ol acaj éne, 2030"'"da bu oranén t¢m ara-|larén %20
hi drojen yakéténén kull anélacajéné ve nralascut i
kull anél maya devam edecejini °ng°rmektedir. Hi n
El ektri kli Ar a - g°r meyi hedefl emektedir (1 EA, 2
ortalama CO2 sal @éném duej.erBuerbiajkleakmd a,h 1 2y adkeé ns ugneull
ar a- (HEA) model |l erinin, orta vadede menzil.| ar
( EA) yaygén ol arak tercih edileceji, uzun vade:
Elektriki Ar a- 1 arén haki miyet kazanacajé °ng°°r ¢l mekt ec
4. SONU¢
Yenilenebilir kaynakl arén kullanemé ¢l kemi zde Ve
engell emek ve s¢rekl il iJini sajl amak amebiiréeyl a «K:;
ayréca elektrikli ara-lara uygun altyapFHvesi stem
Kebekeden ar ac@2 \()Grdids tteomlVeerhii cillee i hti ya- dahil.]
Kebekeden el ektri,k BRIl ekntarbii Kliir . ArBai- laara&n é(rEnm) t ar
cretim teknolojilerine kadar ol an s¢gre-1eri i N
akamal arénda kullanélan konfig¢rasyonl|BA',l aerléenk t
gel ecejine dair ©°ng°re¢lere ékék tutacak «kekil de
il erl emel er, el ektri k motorl ar é, batarya teknol
sisteml eri gi bi ail ralnil katred,a k EA ge & | @ me h ebtektrigir bac aj ¢
ara-|larén genik -apta kull anéel maya bakl anmaseé, -
gaz sal énémené azaltma ve séneérl & ve otamaiyeling et | i €
sahiptir Bununla birlikte, gel ecek birka- yeéel
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ol maseé, ar a - model l erinin kéesétlé -exitlilif5gi \
ol masé beklenmekt gcdi a] eEBU ey &] vamakar jba&tmar gi bi t
gerekmektedir Bireysel ev veya iK yerlerine Kk
mal i yetlerinin y¢gksek ol maseé, EA'" |l ar énnlgdani kK - a
bul unan «kKkar|j i stasyonl arénén altyapé d¢zenl emel
yaygénl akt ér él masée, EA'"l arén daha genik kitleler
beni msenmesi ni t eaxpd lka ceatkmeyka saama cde¢yd ean lye me | e r|119t ¢
indirimleri gibi adéemlar da EA talebini arteér ma
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¢tok Kat manl & YapayBar aji rSUA] envai YDeasyial eah mi ni
Barajée ¥rneji

Dr. ¥jretim !yesi Berna Aksoy

Zongul dak B¢l ent Ecevit !niversite:
¥zeQan!|l él arén yakam kaynajé olan su, d¢nya n¢gfusunda
kur akl é&ky onke doelnmay I[teeh!|l i kesi alténdadér. Bu nedenle, so
¢l kel erin izlediji politikalarén arasZ0h22a yYa&lelmai é bar s
Kstanbul ¥mer |l i Bartaijeradhe@&nbelui rsleevyiiyeisi oli @an teesmiil er (e
buhar!l akma mi ktarl ar &) kull anél ar ak, yapay sinir a
ama-|l anméecxkter . Bu ama- dojrultusundaetdmnd¢eni kklie.g&moihg
elde edilen bu verilerin analizi, Levenbeja r quar dt al gori t maséyla ejitilen -
kull anélarak ger-eklexktirilmiktir Yapélan analizl er
%6 4 ,15u5%6 bir bakarém sergilediiji tespit edi |l mi ktir. G
°7 renme algoritmalar e kull anél ar ak bar aj s u seviye

pl anl anmaktadér.

Anahtar Kelimeler:¢ o k Ka tampaaryl &ivhir Aj e, Bar aj ,

Su Seviyesi Tah

Auditory/Tactile Warning System Design For Visually Impaired Individuals

ABSTRACT: Water, which is the source of life of living things, is under the threat of extinction due to the rapid
increase in the world gpulation and drought caused by global warming. For this reason, the management and
protection of water resources have taken an important place among the policies followed by countries in recent
years. In this study, it is aimed to predict the water lavéhe dam with artificial neural networks by using the

data (flow rate, rainfall and evaporation amounts of the basin) which are determinant in determining the water
of | stanbul -202eForlthis pubpase, firstly, manthly daet@viefe 8btained from

|l evel

daily data. Subsequently, these data were analysed using a multilayer artificial neural network model trained with
the LevenbergMarquardt algorithm. As a result of the analyses, it was determined that the proposed model
achieved 645% success in predicting the dam water level. In the future, it is planned to investigate the effect of
different machine learning algorithms with different learning algorithms on the success of dam water level
prediction.

Keywords:Multilayer Artificial Neural Network, Dam, Water Level Prediction.
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Tarém ¥rge¢tedbnegn (MFA) tahminlerine gre, 2025
ngfusuna orané séraseéyla %34 ve %1506e y¢kselecel
546e,n benklial enen insanlarén sayésé ise 4 milyar
¢l kemiz de su zengini dejildir.
G¢énegmgzde hidrolojik olaylaré begtengyle 1 aborat
ol ayl are temsil eidrin wajrli dyan nma)leilrheléﬁmesnrfzsa
bakl anmekt é&r. Hazne ikKletme uygul amal arén-da, g¢n
akeéecx bajéentéeséneé model | emede, ver.i al énamayan
tamanh a ma d a, bar aj hazne seviye kot tahminleri
faydal anéel mékt ér (Kélén- wvd., 2004 ; Okkan vd. ,
Maz mancé, 2009, Damla, 2020) .
Bu bajl amda ger - ekl exsttiarniblud n inheivncduet b-ualuénkamma d¥ame
tahmininin yaped®mda | mebki arnénan 2i0t08akék debisi,
kull anel ar ak, makine °jJrenme algoritmal aréndan
seviyesinintami n edi | mesi ama-|l anméxkt ér .

2. MATERYAL METOT
2.1 ¢al ékma Al aneé

¥mer |l i Baraj é, Ri va deresi iczerinde inkaaténa 16
temel su kaynajeé, Ozan ve G°-beyl i ideyroenl amji ciur .t
kapasitesi ve 621 kmjolik koruma alané il e Kstal
Kstanbul 6a verilen suyun, Darl ek Barajedédndan saj
karkél amakt al@ménd&KameKsugnbbhodéda hizmet veren en
¥merl|li Barajé Havzasé ¢ekmek®°y, kile, Sancaktepe
23,1 km] Olik y¢zey alanén sahilpitjiir.5&Kimbédiek.i r de

—

..........

ATASEHIR
GEBZE
(KOCAELI)

S MALTEPE

ADALAR
K

{7 —wwesi A ¢
/ Olgek: 1/200.000 o v
kekl¥mer | i Baraj (D&Kz 292 3Ronumu
Tablol. ¥ mer | i Barajé Hidrolojik ve Teknik ¥zell
Yaj ék Al aneé 621 knt

Yél | ék Ortal ama Yaj|800mm

Ortalama Akeém 5,127 ni/sn
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Mi ni mum Kkl et me Kot|4600m
Aktif Hacim 23510 m®
Maksimum Su Seviyesi 62,00 m
Maksimum Hacim 357*10° m? 124
¥mer | i Barajéodénén rezervuar al ané, yazl aré kur a
mevsim yajéklée Karadeni z iklim BHB°%Ilkdegii niel esadin tpad
Genel M¢degrl ¢jeé¢nce belirlenen ortalama yajék 80C
ayedAdbdaAC; en y¢ksek séecakl ék +40AC ile 1963 Ajus’
2.2 Yapay Sinir Ajlareée (YSA)
Yapay sinir ajl are, basit biyolojik sinir ajl a
programl ar i nsan beyninin ikleyikine benzetiler
hat érl ama, tekrar yapmadgrberi kbayvylaemind. geRO2R
- ok di siplinli bir al an ol up, i nKkaat m¢ hendi s
mekatroni k, programl ama ve felsefe gibi farkl e |
2.2.1 ¢ok Kay mainthier YAj |l ar é
¢tok katmanl e yapay sinir ajl ar é; gi rdi kat mané
ol ukmakt ader. Karmakék problemlerin -°2z¢m¢nde K
gizli katmana sahip olabilmektedir. Gizlakk manl| ar én sayésé problemin ak
azalteéelabilir. Gi zl i kat man problemin yapéséna
aktarel maséné sajl amaktader (EI mas, 2003) .
hidden layers
input layer
kekiYap2ay sinir ajé °rneji (El mas, 2006)
23Y¥Y nt em
¢al ékmada ¥mer|li Barajédénén rezervuar éndaki Su ¢
aje modeli Kkullanél méek ve bu nedenle, DSK 14.B°
20082022 yéllarée araseéendtakn. g¥md glki kwlee id enmleg kul aare
el de edil miktir. Sonrasénda -dddeuanrddt eal dar ivtema $
-ok katmanl é& yapay sinir ajé model: k ujabireamél ar al
akéek debisi, havzaya ait yajék ve buharl akma Ve

seviyesi veril eri kull anél méekteéer .
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YILLAR
keki2lD0OB8 -20&2Réelral ek araséndaki toplam yaj ék mi
kekil 36t en d2e0 0g8° r&0 &6 Ker a lzéekr ev e r i aral ekl aréna
d¢ken ayléek toplam ortalama yajék miktarée 2010
dejerini ise 2012 yeéelénda 0 mm dej eroinbialhearAjvies tka
aylaréenda yajék miktareé artmakta, yaz ayl aréna ¢
Serbest Ssu y¢ze¢ buharl akmaseé, Met eor ol oj i Gene
Kstanbul met eor ol oj i verileri aat leaméwioérmyeéed8aylv
yapél madejé kaséem ve mart aylarée arasénda buhar
g°r ¢l mektedi2lD222 A0 & | Akalvek i aral éejénda buharl ak
ayeé 6.66 mmoédi rEmeTda -Balréay maHdHmé/zdha al anéndaki met
ayl ék toplam ortal ama buharl akma mi ktarée kekil ¢
=69
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Yillar
keki2lD0O8 -2O0a2RelWral ek araséndaki ayl ék toplam buha
2008 A022Are&kl ék yéll aré arasénda ¥mer|l i Baraj één
akéekl ar sebebi ile ayl ék ortalama haznedeki su ¢
m dejeri hesaplanmékx ol up, bulgmxli&kk nsau vseevs y elsul
Temmuz ayé 4863.194 m dejeri olarak hesapl anméext
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Yillar
keki2b0B -202Réllral ék Yéll arée Araséndaki ¥merl. Bar aj €

Omerli Baraji Aylik Ortalama Su Seviyesi
(m)

4. ANALKZ

¢al ékma kapsaménda -J@k nkoaterhanl| (et KyyaSpAgdy sainmailri za [
yayél émlée bir yMaregmaodanalgoenbemngé kull anél mé
belirleyici olan veriler (akéxk debisi, havzaya
kull anel méktér. ¢ékék verisi barajdaki su seviy
ayl ék veri setleri el de edil mi ktir. Hem giri«k
MATLABGS®6 de nnt ool kul | druél-aarlackk maadsla Ir meertre@htb. e € Yga
algoritmasé ile toplamda 168 adet analiz yapeéel m
sonu-lar sunul muktur. Bu anali zde; N°ron sayeéseé
Momentum kat ay € s € : 0.90 olarak se-il miktir. Test Ve
edi |l mi ktir
Training: R=0.66729 Test: R=0.63632

3 y 930'98 2 Data -~

D- -

+ 095 E‘U'SS .......... g

..g 30.94

o = 0.92

= 03 E oo

= o °

o 'ﬁ'n.aa 1

U oss X oose

5 a

2 ,.5[].84

5 08t © Sos2f - ]

08 0.85 0.9 0.95 0.85 0.9 0.95

Target Target

kekiEfi6im ve Test korelasyon (R) dejerler

Téeém ver i setini kull anénca ise %64, 5061 ik bir bat
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Validation: R=0.49263 All: R=0.64534

™ .93 O Data o8 el Data
. o 0
E 0.96 ‘Tt:T ° o "'-og@ 2
S 0.94 3 s %4 S
= 092 © o kS
SERE 3 |127
S 0.88 o S
%D.BE -;-
Eoa £ o
O o082 o 08f =
* * * 0.8 0.85 0.9 0.95 1
0.85 0.9 0.95 1 Target
Target
kekVhahl vdati on ve Al korelasyon ( R ) deje
Tabl o 26de analize ait en iyi performans sonu-|
Tablo 2LevenbergMar quar dt ejitim fonksiyonu ile yapél
MSE MAE MAPE (%) AllR
0,0014 0,0276 3,0182 64,534
5, SONU¢
Yapélan bu -al ékma Kstanbul [ ¥mer |l i Baraj é6n
YSA ile tahmin edil mesidir. Bu -al ékma il e ¥mer
veril eri kar kel Marguardt&ll gné kit Emas & eivieembgrngéeél an ana
tahmin sonucunun korelasyon katsayésé (R) %6 4, 5
orané ise tahminlerde kabul edilebilir bir dejer

Bu -aléexkmada kull anél an &lradienr (8QGIH &radjert Désceot wihc al e d
Momentum (GDM), One Step Secant (OSS), BFGS QNasiwt on ( BF G) gi bi fark

kull anel arak da dejikik tahmin sonu-1laré aracxkter

Ayréca bu - al e kmada2 weerlil ao|émiraer kaasPe®n0d8abkui h ayral jaékkma d

Su seviyesi dejerleri, bar aj haznesine giren de

sézma mi ktarée ile il gild@i dejerlere ul akeéel amameécxt

20082022y el | are araséndaki toplam tahliye suyu hacn

Yapelan -alékma ile ¥merli Barajé rezervuareénda

ol mayacajé konusunda bir °n bilgi edinil mi ktir.
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Kstanbul Atak°y Su Dajétéem kebekesinin Hidrc
Téeéketim Paterninin Olukturul maseé
Araktérmac,®dr¥fu&t Bml ! yesi MehmeRr dfe.l Drh. Kloxwlcait
'Kstanbul Teknik !niversitesi
Corresponding author: Ufuk Bal
¥zeMesken tipi t¢eketim paterni, hidrolik modell emede
sistemleriikilrettmesar &mé,iyil ektiril mesi i -in kullaneéel a
hidrolik davranéké sim¢gle edilir ve -exitli senaryol
hesapl aneéer . Hi dr ol i k umaid aeul Iveemeg ¢svoemu -l liarrl&@rfén, dfoajrrk | &
paternlerinin dojru bir kekilde belirlenmesine bajl &
kull anécélaré suyu en -o0Kk kull ananakahelberidi s.u Mg
al eékkanl ékl aréené ve dejikkenliklerini gesteren bir ej
izl enebilir ¥ncelikle, mesken abonelerin sayésénéeé, k
gerek i r Ardéendan il gili bel gedeki mesken abonel erinder
gruba verilen suyun debi si Ol - ol . ¥l -¢m s¢gresinin
verilerin saastbapkaoatakamdl saét hek bir patern ol uktu
patern belirleme adémlaré takip edilerek Kstanbul 6un
-eékaréel méexkter. Byl ece b°l geaniim bheindrrerkl i moidiellemi ad
ger-eklexktirilmiktir.
Anahtar KelimelerrMe s ken Ti pi Su T¢gketi mi, Debi ¥1 - ¢mg, Hi dr ol
Generat éon of Resédent éal Consumptéon Pattern for

Déstrébut éon Networ k

Abstract: The residential consumption pattern is essential data in hydraulic modeling. Hydraulic modeling is a
method used to design, operate and improve water distribution systems. With hydraulic modeling, the hydraulic
behavior of the system is sim@df and the speed, pressure, flow values, and pump energy consumptions are
calculated for various scenarios. The accuracy and reliability of hydraulic modeling results depend on correctly
determining consumption patterns for different types of subscriBasidential subscribers are one of these
subscriber types. These subscribers are the category that uses water the most. The pattern of residential
subscribers is a curve that shows the water consumption habits and variations of these subscribersnife deter

the pattern of residential subscribers, the following steps are followed. Firstly, it is necessary to determine the
number, location, type, and connected pipeline of residential subscribers. Then, using a flow meter attached to a
region selected fromesidential subscribers in the relevant region, the water flow rate given to that group is
measured for a certain period. Increasing measurement time increases the accuracy of the analysis. Then, a 24
hour pattern is created by calculating hourly averagésiata obtained. In this study, the water consumption
pattern of Atak©°y Konaklaré in the At akmfegtiongd stepsr i ct
Thus, one of the most critical steps for the hydraulic modeling of the region Imeadoeenplished.

Keywords:Residential Consumption Pattern, Flow Measurement, Hydraulic Modeling
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