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ABSTRACT
MSc Thesis

NUMERICAL INVESTIGATION OF FLOW CHARACTERISTICS ON SIDE
MIRRORSIN VEHICLES

Emre ULUTAK

Bursa Uludaj University
Graduate School of Natural and Applied Sciences
Department of Mechanical Engineering

Supervisor: Assoc. Prof. Onur YEMENCI

The drag coefficient for vehicles is determined based on the shape and aerodynamic
characteristics of the vehicle. The aerodynamic design of side mirrors influences the
vehicle's drag coefficient. Properly designed and positionedrsidars can significantly
reduce the vehicle's air resistance, playing a crucial role in improving fuel efficiency.
Therefore, optimization studies in side mirror design are of critical importamd¢leis

study, the focus is on numerically investigating the flow characteristics affecting camera
side mirrors, which arparticularly used in modern concept vehicles and electric vehicles,
with the aim of improving the drag coefficiedthe aim of the study is to improve the
aerodynamic losses caused by siderons in vehicles through new mirror designs and
slotstructures. In this context, different mirror designs slotstructures were developed

and analyzed using Ansys Fluent. Analyses were conducted on traditional mirrors, as well
as the designed Modell and Model2 camera side mirrors, to enable comparisons.
Additionally, the effects o$lot structures, which are opened parallel to the flow surface

in Modell and Model2 camera side mirrors, on the drag coefficient and flow
characteristics were examined. Alirror models were analyzed at speeds of 20, 30, and
40 m/s, utilizingthe SST-k t ur bul ence model . A wvalidat,
on the traditional mirror model, and as a result, the computational domain dimensions
were determined as 800 mm indith, 800 mm in height, and 1200 mm in length. The
mirror was positioned 400 mm downstream from the inlet. The analysis results showed
that as the speed increased, the drag coefficient decreased for all mirror models. It was
observed that, thanks to thlet structure in the Modell and Model2 camera side mirrors,
flow separations and vortices in the wake regions were significantly reduced compared
to the traditional mirror and neslottedmodels. The maximum improvement in the drag
coefficient was obtained at a speed of 40 m/s in the Maletiedcamera side mirror.

At 40 m/s, drag coefficient values showed an improvement of 45.8% in the Modell
slottedcamera side mirror and 33.4% in the Modell camera side mirror compared to the
traditional mirror. At 40 nfs, drag coefficient values showed an improvement of 39.7%

in the Model2slottedcamera side mirror and 32.3% in the Model2 camera side mirror
compared to the traditional mirror.

Key words: Camera side mirrgrdrag coefficient numerical analysiscomputational
fluid dynamics (CFD)aerodynamics
2024 ,xix + 116 pages.
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1. GKRKKk

Takét!l arda kull anél an yan aynal ar, Sér
sajJl ayar ak, kaza riskinin minimuma indir.]
Otomobill erde s¢r ekl enme kat sayésé ar acé
olar&k belirl enmektedir. Yan aynal ar én ae.
kat sayéeéséené etkilemektedir. D¢zgen kKeki |l

yan aynal ar aracen hava direncinin aza

artteraéel°maesnmlnid r ol oynamaktadeéer . Bu bil g

aynal ar aracéen aerodinami k profilinin bec

kat sayéséneén artmaseéena neden ol maktadeér

optimizasyonk-al &umal ktérol zellikle ele
performansl|l & otomobillerde aerodinamik p
tasarémlareée ve iyilektirmeler:i b¢e¢yeéek ©°nei
Kameral @ yan aynal ar; daha geni kK g°r ¢K
gerénmesioni sajl amaseée, daha d¢ K¢k aer od
s¢r ¢kl enme kat sayéséneén dekKer ¢l erek y ak
kokul | aa éinydia mearhf or mans g°%stererek s¢r ¢ c
gel eneksel yan aynal arénén yerini al abi |
yeéllarda kameral & yan aynala&rlaa éirl.gi | i (.
Bu -aléexkmada kameral é yan ayna modell er
kat s ayetskéinlaer i hesapl amal é akéexkkanl ar

ger - ekl e WNtgimreir li ki katniarl.i z | macmingeg e rb-og/kult d it iarki
S¢rekl i akeéecxk durumundakti¢egr Bk € @ n sad -aipnldeartienl
ger - ekl ekt i rda2l nfiakrtkilré. k¢aamheérkamaé yan ayna t
¥ncelikle, t asar | mondenl lkearmenrianl €2 Oy,a n3 Oa ywmea
karakteristi iHeéear ideijreadleen mii mt iary.na model |
s¢réekl enme pkaasagelare@eyl(& dejerl endiril mi



Daha sonr a, kameral e yan fagnkl entd@nl @&nd
kamer al &€ yang agmiankdesldi&lalr @kit er i sti kl eri ne

(Co) etkileri incelenmicktir.

Anali zl er sonucundateglrdbg |l adis| ke nte ek s & m @

akem -bias@ginsivveomtaSEensgz krait mchggeeBdmi Kt ir



2. KURAMSAL TEMELLER ve KAYNAK ARAKTI RMA!

2.1. Kuramsal Temellei n Kncel enmes.i

Ak ékkaeari nde kayma kuvsegt ie Kidlle gujaddeokrgkr e b o
tanéml anMmeaektgeed ér& C.iBmbalda | &21d Jubdauly are , Kk e k |

alan ve akabilermaddel er e akle&kkanldaernimekani j i, h
hareket eden akékkanlaré ve bu akeéxkkanl
me k a ni k(Undug 20219 € r
Reynol dRe)s,ayleisrée gkékkanén akék rejimini
s ay Meakiem 2.1) Reynol ds sayése, akekkaneén a i
kuvvetlerine oranéné temsil eder .

ruL

Re=——- (2.1

m
Burada,
r. Akékkanén yojunl uju
u: Karakteristik heéez

0 : Karakteristik uzunluk

‘o Akékkanén dniifademtiméktediri skozi t esi

Reynol ds(Re)s a yaé&kseék € nya daamirnbesrb b ds | @nu bel ir
kul makébMgdrendi sl i k analizlerinde d¢gz | ev
kritik Reynol d¥tReay®sledsiléPfay ési¢®& k0 ol duj u
genellikle laminera k & K ol arak tBauneéedlrnnmaasbandea«d&lanes
d¢zgen ve parRaelyalo ! WixlOsleSyldhiszlassre.nda ol duj u
|l aminerden k¢rbepli ®RegaodexiCéagpg@ekduj unda
akék genellikle t¢grbeglansl édeéer . Bu dur umc

izler.



Mach sMayeéeséai( akékkanén heézénén, o]
boyut suz (Oenklemza2yy 8déh sayésé, akékkanén
ses dalgalaréyla olan ilikkisini g°steri.

Ma:\i (2.2

c

Burada,
V: Akék hezeée (m/s)
C: Ses beeéei {(mHs) et mektedir.

CizellLd&é®. ti pk ayiles®n dne@auriyacz, 2016)

Mach DBajyeér i Cinsi
Ma<0,3 Sékeéekterel a
0,3<Ma<0,75 Subsoni k a
0,75<Ma<1,2 Transoni k
Ma=1 Sonic akeée
1,2<Ma<5 S¢personi k
Ma>5 Hi personi k
4 v, ¥1.5-1o-{i}
100 — s
29°C 1
10 4 v, =10 .10-{&} -
2 =7,
=1 1
Haﬁngaf: , Tasimacilik
Bicek p—
o & 3:““” e R e
| l B [ I
| o 100 10t 108 100 107 108
Re
+—r4+—> 4
Siiriinme Viskoz Tiirbiilansl
akis laminer akig alag

k e k il.lA kZeimslernin Mave Reg r a (Katj, 2016)



2. 1. 1. Dceimlgre rie-1ime kemaktéristiklex k i

Aerodinamikkuvvetler veaerodinamiknomentlerd al d ér él mék ci si ml er

°neml i karakteristikIlerdir.
Kal dé&uwweiafF.),kanat ve benzeri y¢zeyler ¢zeri
dojru olan kuvvettir. Bu kuvvet, UuU-UuUK SEér

S ¢ r prRekusveti Fp),havanén nesne ¢zerine uygul ad

e
diren- g°steren kuvvettir. Bu kuvvet, ha

Yanalkuvvet Fy), yan r ¢zgarl ar veya manevralar séi

etki eden kuvvettir.

Ej i Imomenti (M) kanadén uzun ekseni etrafeéenda
momenttir. U-ajén burun yukatmektedieya bur ul
YuvarlanmamomentiR), kanadén boyl amaséna ekseni etr
momenttir. U-ajeén kanatl ar étmekiadr. bi ri yuk:
Yalpamomenti (NJu- aj én di key ekseni etraféenda dFf

U-ajén burun késménén s afektedv.eya sol a har



keki2lAe2odi nami k kuvvet ve momdgHuthd, @87 n bi

Dinami k Phastama @kékénén hézéna bajlé ol a

tanémlanmaktadér (Denklem 2. 3).

1
sz ZEI’VZ (23}

Denklemder ak ékkan mpoj el akakkarh aez et mekt edi

Aerodinamik kat s aya@il @adi nami k kuvvet vV e mo ment |
kull anél an boyutsuz katsayeéelardeér. Bu ke
aerodi nami k °lzemd ki(Desildean 2.4n4.6).t an ém

Kal dé k C =~ 2.4)
a €r ma L P,A (2.4,

_ \
S¢r ¢kl enme CD_RjA (2.5)



Yunuslama momer M
Cu = (2.6)
kat sayésé R Al

Denkl eml erde A cismin °n bakéek al aneéne, I

Benzer «kKeki |l dvea sdeéitnaadn® ykié ab-alsdeant- Bboagslidarns-a kk at s
olukturulur (Denklem 2.7). Sthlaanhkadbademn -

Basén- ke Co = (2.7)

2.12. Korunum denklemlerini n dal dér él mék <c¢ci si mler -

Dal dér él nderka kt@ikxuil hlaenré | an korunum denkl er
momentum ve enerji korunumu p NavierStoked er i n
(NS denkl eml eri ol arak bilinir ve s¢rekl il

tanéml ar .

Sekékteérel amaz akékke@anklent28)B-ui mesikd eknl, i laikl
unl ujunun sabit olduju durumlar i-in

DN OINE (2.8

Sékekteéereéelabilir akéxkxkanlar i1 -in genel s,
K, p@ o (2.9
W

Burada,

r. Akékkanén yojunl uju

u: Héez vektoor ¢

t : Zamanifade etmektedir.



Momentum korunumilavierk<St okes denkl eml er i, Newt on' u
i -in uygul anmaseéeademnr .kdor dioryaittll aur keargd &k é K t

NavierStokes denklemleri f ade edi | mi kit2i12). ( Denkl em 2. 11

Momentum Denklemk

du oMo W U _p pdlu pru fud oy ,
He w2z xR w e (
Momentum Denklemy
v M WL VD _p pa SV v, five i ,
r tuU— V— W— 5 = g — & 2.11
St ooy z® yulx wp g dw (
Momentum Denklemk
Gw oW owe L WD _popa cw o ptw, pw o :
Fgg—*tU— N—" W— 5 = g St § L 2.12]
St owo oy z® Tzl ko opy e 2o (
Burada,
UVW: heéez i, egcevrel ezriy°nl eri i-in
p: Baseén-
m: Dinamik viskozite
f, f,, f,; Haci m kuv niiateietmbkietire k enl er i
2.13. Hesapkambdhbhal aHAD)i nami J i
SSTky t¢rbel ans model i, kar makeéek t¢rbel a
ayreéelma d¢gzensizliklerini sim¢gl e et mek i
Bu model , kayma geril i mi t ax é meuohe | iSsiTn



kombi nasyonundant ol lmgluans St8ddikt i amag @y ié s la &
denklemi,t ¢ r b ¢l ans Ki netpkbelnaenyg idenkleni{ denile € ( ¥
tanéml anér . Téerbel ans kinetik enetefii, t
(Denklem 2.13) t (Benklem 2.14) t (Benklem2.1%t e ver i |l mi kKt ir.

T¢e¢rbelans kineti k enerjisi (k) denkl emi
W) MUK o g e S g 2.13
Mt ¥ XHe X}

Tée¢rbelans frekansé (y) denkl| emi

ru e
i W+“( U'W%z—lf% -b /’ZWJé( n;V+t);—PnVSZ(l+Fl) mir—i.g;“— (2.14
Mt ¥ k X X W w X K
Terbel ansenwi skozitesi (
:r—kmaxé 0.314 215
= maxed e (215
2. 2. Bili mséh Knael éeénmalkar
Takétl arda y&nmnk@&xnakagaatiendsti k|l er i il e
-al ékmal 220 dgé®iszteelrgtel mé kigatl e k mal ar ,ndmernillgi
-al ekxmalar i -in -°2z¢;m metodu konfige¢rasy

konfige¢rasyarell @amé&n g-iarldéklnearl a-ré kstoénl uacru nwea

S zetl enmi kKtir.
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¢i zeRyan2ayna

czerindekonakérdhl ag bilimsekakr | askkt t €kr I meal| eanr

bul unduju t¢gnel de mg
belirl enmickt.i
-Deneyl er de k uveBsanis®lups

bu hdaRdyamrol ds s ayue tive
plocp TOt i 1 .

ol ar ak

(Yazar,Y é | Ak &mapése BakISona- 1| ar
-Deneyl er r¢zg®©r t¢gng-Stati k basén- k yanh ayaaglahasmejen®larak
-R¢ z29g©Or O, 3nme | iy¢gksek|gezl emlenmi ktir.
uzunlujunda ve 0O, 7m |-Yan aynada en Yy ksek basén-
-Yan ayna, girikte|b°l ¢m¢gnde, en d¢kKeéegk basén- k
~ |konuml andérel méktér . noktasénda tespit edilmixktir.
(Yemenici, , . - -
2017) -Pl aka il e sabitlen|-Y¢ksek Reynolds sayéel arénda,

dejerl eri

daha d¢kegk -ekméexkt e




1T

¢izel yan2 a® na

czerindekonakérdhl ag bilimsekakr | askkt t &kevaral | eanr

(Yazar,Y é | Ak &mapése BakISoma -1 ar
-Basitlektiril mi|j-Gel eneksel yan aynal é model i -in
model inin 4 far|{011899 N20 m/ s hézda 0, 20803 N, 25
s ér ad0millam/s 20m/ ve|b ul un mTarmtelips formundakk a mer al € aynal & m
2 5 m/ ¢slaatra@mnamik anallerlaer odi nami k s¢r ¢klienml k20 &elNi - ®BI6504
ger-eklexktirilmN, 25 im/isO hik€&® 12 N ol arak bul unmuk
-Aynal arén aero{(-Hearttek-a aerodinami k s¢r ¢kl eme
(Kel ex20 m/ s hezda dirlemvvetinin heéezén karraek i a riAbradinstig
2023) Fl uent progrmoded di r en- Kk atosraaynétséél e loe dtugomaesz at mak had
i -ve ajdan baj é|l-Yapélan -alékma neticesinde, aj é
toplam 26 analizmodel inin farkl & ayna model |l eri a
ger-eklexktirilmayna yerine, pasif akék kontrol y?9
model uddcéam el mas é s onuC€Cwknadtas a%6€, s2é4n
ol duju bulunmuxktur.
-Ajer ticari ara-larda %2 oraneéendaq
%1 oranénda yakébdajaeeapebfasi aj é
%3, 12061 i k bir yakét tasarrufu ol al




A"

¢izel yan2 a® na

czerindekonakérdhl ag bilimsekakr | askkt t &kevaral | eanr

(Yazar,Y é | Ak rapése BakISonai- 1| ar
-1 - boyutl u ot@awolkeadya@ -Anal i zI|l er de, di kd°rtgen yan
ayna t ar at &@d .mé kK E| d enokta| verimsiz model, yamuk yan ayna modeli ise en verimli modeldir.
bul wmtélnarbé r | ekt i radeim) -Aerodinamj euygun olarakt asar | anan aynal
d¢zerelsanmaj |l anmekt € toplamda 13,72Nazalarak %4 , 1 4 aerodi nami
- 80km/h, 100km/h ve 120kmMmé z | ar|saj | améxkt ér . Yamuk model de i s
y°nt emi il e yan ayilidiren- azal éke g°zlemlenmiKkt.i
(Arék|diren- katsayeéel ar e -Ot omo b iné mP@dI& slarak hesaplané k t agnuk.modéldg
2020) -Karkél akt @érma amacégCph=0, 369 ol muxktur. Di kd°rtgen
formu daha -1 zil er e]ileenverimsizdir.
kurgu tekrarl anméxt|-Sonu-1ar, form dejiktik-e ha
Yal néezca form dejlkat sayésénén azal déjéné g°ste
czerindeki et ki si ni
iz d¢Kem al aamk, 400 Bm/h:
haa sonu- incel enmi
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¢izel yan2 a® na

czerindekonakérdhl ag bilimsekakr | askkt t €kr I meal| eanr

(devam)

(Yazar,Y é |

Ak rmapéseé

BaklISona -1 ar
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¢izel yan2 a® na

czerindekonakérdbi ag bilknsebakrl askkttékrimeatrleanr ( d e v a m)

(Yazar,Y é | Ak&mapése BakISoma - 1| ar
-¢Cal ékbmardayan di ki z|-Sabit alan sim¢l asyomamzaear, farr
akek nerekgerd @l ugumunihéeadaj él eam@inpt ir . Sajdaki hezl e
araktadma k devridai mybRadgesémda akaj éya do(
- T¢egrbel ans moReyedlds aynasénén °nnalléa@ &iersdneméa aolaar al
Ortal amal é Na(RANS) héz b§tgebimBxsé&nr- kBRptbeayesa@ayna
kul | aneéinig8antseerdd m/s'likly ¢ ksek bir basén- b°lkgaevsiisniin ybg
serbest akék hézl ahézlandék-a aynanén arekvased redyae n

(lbgﬂeediInD'OK]triur.sonu-Iaral-a&n-ba&lanénén ol ukt uj kagma gerilimi

2020) i -1in, sabit RANS gkarkél aktér masé, devri daduwmr brll ¢
dur umu i -in aj biyakl akék ol arakr mayknté rol duj unu ¢
ger - ekmexkDairmi ake|-Girdapl ar én akyanyan alk ¢ rmankd&]J)j & a npven d
ger-ekl ekt ®Qr-i | erhboddelilfkararséz hale gel di k!l er ingdeniples dala
kull anél amakt @h doamrdb ¢y ¢k zayéf girdampdratrdBau bgiirrldeakp
SSTQ ] model inin kul|basén- ve héz dabgahbdAymd agEamsx°
dur uml ar i -1in bak|farkl @ -hagéna+r dalgal anma bg¢yék
kul marékr arttdak gal anmal armaen t glégmed KatiPdrra.i n
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¢izel yan2 a® na

czerindekonakérdbi ag bilknsebakrl askkttékrimeatrleanr ( d e v a m)

(Yazar,Y é | Ak&mapése BakISoma - 1| ar
-¢al exma, yan ayna|-Sim¢glasyon sonu-I|laréna g°re k?©°
t¢e¢rbeglanséenén yajmaynaséendaki terbeéel ans kinetik
came Ve ayna yézisergil edi mi ktgi‘Bal emd ceenl daha d
azal t mak vV e e n g ¢enerjisine sahipo !l dufj,un daakné K bozukl ukl
yapél mekt ér . aerodinamijin itymi Ik&midra kK | "eé k i a
-Ek k°pek Dbalejé Jt¢egrbelans kineti k eneméikdiéra- é 9
ayna, tabanda ek k|{-Déeék di kiz aynasénén tabanénda
(Azhar & _ . . L
Mahmudin yan ayna ve ayna i|lt¢grbeglans kinetik enerjirsi DBKE S
yézgecine sahip ¢-laynaséna et ki eden en sd¢keg ks athgjn
2023) -al ekxma yapél mékt éelhava akéekeénén iyilexktirildimimii
-Hesapl ama hacmi O|Bu model , her hangi bir ek k©°p
yékseklije vV e O, llkarkél aktéereéeldéjénda t ¢ ,gbgzl anBn
Gi r i Kk the60kmh kenyOkmh olmak|nedenl e, °zelli kle dék dikiz
iczere 3 farkl é h(ekl enmesinin t¢rbel ans Kinet.
yapeél.®émigémasQo-nmbdelibul unabil ecefj i ve su birikmes
kull anél mékter I yil ektirebialreecleméiktseornucuna Vv
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¢izel yan2a¥na ¢zerindekonakaénrdEkag bilinsebakriaskkttékrineatleanr ( d ev am)

(Yazar,Y é | Ak rapése BakISona- 1| ar

- ¢ al &k mand aynadgn gelel - Analizler sonucundage r - e kK  mo d e(kedan maedsllae € ima g
ger el teéenegn aer o((SUV model) yan aynh a rsésnr ¢ k lkeurnvmeet | er i ni n

ar alkkmas & asedan deySUAsevi yel eridreijrerdemu-ilrariani ktir

ol mak ¢czer eyan ayna|-G° z| eml er e nnge® rkeu vsviem g k laddey strii k g ¢
tasarlamé Kkt ér . hava akék hezéeyla méktitékte kaden
-Hesapl ama hacmi (-S¢r ¢kl en ngee rk-uevkde8nDoidkent/ saatt en 10 (
yée¢kseklije vV e l1mve 100 km/ saatten 120 kmksaat he©e

(Muhammad| Ay na hava giri«ki|-S¢r ¢kl ennaes &nwéd@e®ikm/ saatten 100
etal.,,2023) k onuml andér él mékt|{100 km/ saatten 120 km/ smfibs hBpbdlad
- Gi r I8k kmésaat, 100km/saat, 11k m/ saat |l i k y¢ksek hézdaod ux2nuM't Iy
km/saab | mak ¢zemhez ¢g-S¢r ¢kl enmas&ueme?2ide de 80 km/ saé
I - iymn ayna mo d e | artarken, 100 km/saata r ah-@ @ a n 120 km/ saat
edi |l mesiyllemigetri-r/lg® smierfTasaréad®2 @ km/ saatli k vy¢ks
- Si m¢ | asSED Mdia modelijs ¢ r ¢ k1 e mel kwumwkett i r .

kull anél méektér . ¥zetl e, Tasam@&mTasgnaeamagngae ay

s¢rékl emevekabskagées@&nge- seviyesi
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¢izel yan2 a® na

czerindekonakérdhl ag bilimsekakr | askkt t €kr I meal| eanr

(devam)

(Yazar,Y é | Ak rapése BakISonai- 1| ar
¢al eékmada wuzunl uk 4|Her bel gedeki di pol ger el tg
yé¢ksekli k 1,6m ol anjal anéndaki girdapl ar ve akekx
verimlilijJinin art|ige¢ere¢lte kaynaklartayaa as&madadlil
Hesapl ama hacmi; alge¢r el t ¢ nkeamysmask | alrk @r ak hava a
uzunlujunun ¢- kateé|yojutndyax akék al anéndaki girda
arka ucuna ol an me|lakéké ayrél maséndan °ntcie] iveg$5
sekiz kat e, ¢St ve |[Girdabén nnepe deielrti¢ kaynaj
(Zhangetal,, mesaf e ara- y¢ksekl (dejneher zaman aymhy k@ ngimdaéa g °d
2023) ve saj tarafl ar énothmg¢r ¢ 1t ¢ kaynajénén ol wdwWmy ui -
mesaf e ar a- geni KlI|[G¢gre¢glteg kaynaj énén yojunl uju
belirl ebimiikzZ i raynaséheéezé aras@esywakkliakékolbOvidenkan
geometrisi nedeniyla k € k allaanm@ly°n¢ ve akék y°n¢g dojru ol dufj
i -in ¢-gen ymezketyéra.] (ol mxs ékodyol duj u g°Alké&mr¢g tegzre. Z
ni hai aj boyutu ul akmadan °nce ger el tg kayn
belirl enmiktir. ul aktéejénda, a kjéikan k e & z ehnédzaék i,fbac
durumuda basén- duwjrk eqo%r ollmxtugr
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¢izel yan2a¥na ¢zerindekonakaénrdEkag bilinsebakriaskkttékrineatleanr ( d ev am)

(Yazar,Y é | Ak rapése BakISoma -1 ar
-¢al ékmada kull ané¢-Hi brit simégl asyon strateji si a
model inin uzunlujjyaynasé modelinin aerodinami k ak
yé¢ksekl i Ji 2, 1moédii - akusti k alan ses basén- sevi
-Girikte 100 km/ sal-Aynaséz durumdaki karkel akt érm
yapél mékter. hez/ basén- profill er.i vV e ses
-Hesapl ama al anénéliyilextirmiltiijri.ni g°ster
X 6H ol arak belirl-R°morklu ticar:i ara-1I| arr g zdr@ncine
(Hu et al.,

2020) sahipo|l duj emddry ¢k et kal araskk agCérkg I¢
-R°mor kl u tdikarzi agma-slgadrencini etkililbig
Kekialdeir-dienf,é di ki z aynasé ol may
veriler deegrédi@faakk eget ¢ 1 mgkt ¢r .

-Di ki z aynasé -er-evesinin kel ay
kabinin aerodinami k i - g mekiedrt ¢ s
- Bu parametrelerin optimize edilmaesir ¢ z@gi©renci ni n

i -1 ndeki a er o deiazalsab@icke g ¢ rgellrteel ymee K
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¢izel yan2 a® na

czerindekonakérdhl ag bilimsekakr | askkt t €kr I meal| eanr

(devam)

(Yazar,Y é | Ak rapése BakISona- 1| ar
-¢tal é K ma, yan g°|(-Kameranén °n alanée k¢-¢l degk-e o
aerodinami k jant |k¢-¢k kameralarla dejiktirrsmghd,ams
modi fi kasyonl ar -Tekerl ekl erin kapsamamak &858 0 al i
aerodinami k verinkapsamaéesglrdrga meyi %2y éoganghidalt
-ékarmak i -mhkger|{-Daha k¢-¢k kameralar ve daha ge
-Cal exma bir amaemoeeliol ukan bir k o mibd & jabsuy eblkencumb i knual sl yaonn
ve i ki farkl é& yanazaltel masénda en °%rfemnllimittkiry e

(Sadatetal,i | e yapeéel méexkt éer . - Bu -al ekxmada, kamer a/ ayna %

2022) - Hesapl ama al anémodi fi kasyonunun s¢rtegnmeyi aza
belirlenmiktir. Aetmek i-in sabit tekerleje sahip
araba uzunl uju vibirli kte, daha doj r in gelecehtas tekedekleri
arkaseéndan yedi etraféendaki akék, hareketli bir
Konuml anméxkt éer . °]l -¢de etkilekime girdijinden, ¢
-Girik héezée 40 m/{i-in bir hareket]l] duvar kpuld%@hky
-Aj sayésée yakl atgibi kararséz °zelliklerini ince
belirl enmicktir.
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¢izel yan2 a® na

czerindekonakérdhl ag bilimsekakr | askkt t €kr I meal| eanr

(devam)

yojunlujuna sahip,

emme tipi. bir te¢gne

(Yazar,Y é | Ak&mapése BakISoma - 1| ar
¢al ekxkmada Kkul maamodeli Ot omobi | yan aynal aréneén nede
geni kK1l 17 i 90 mm ve|s¢grtegnme kuakveinni raterfams bir
| st keéeseéem, yarém |silindirik tabanéndan ontéukkCiakiu by
i -eren ayna yuva4dbdayna ayaj éeneéen ar ka duvar basé
mm olup k¢r e yar é-ap|s¢r ekl eme kuvvet i czerindeki a
y ¢ ksekd i fnm' di r . Allr¢sgzg®©mel | d enméekyViagemyria eésnpape € vy ar €l
mm ve y¢ kseklaiyjailOu|duvarén yakénéndaki iz gi rldmeaflt

(Fu & Li, yé¢ksekl i jinin 15 k|Hava akeéeka htesgzréeb ¢alra nt sé kki ankett 8idg@anaam

2023) geninklni jsigd0a®é gy bamnakek alanendaki bu dej i ki kIl i
durumlars € r amsodefld ,emodeRd yve|dal gal anmal ar éné azal tarak y a
modeB' e k a rmeldddieOb mgxeD 4| azat ma kt adtte yandan ayna ayajénd
m'" | ik t est bolrgmdaer odi nanmmé& kuevgtini jakdl ma kt Bal€en - d
t¢nelinde deneyl mieskener jil eriirna-djrekadpselaral €] é
R¢zgOre¢nel i, d¢kdaynayl a kar kél akt ér é lodikdahgenldean h

heze %10, %20 ve %30hasuyl &agnap

%4 , 1, %5, 0 ve Yak,tZAadeE&ranénda

a 4
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¢izel yan2 a® na

czerindekonakérdhl ag bilimsekakr | askkt t €kr I meal| eanr

(devam)

yézeyinden uzakl

atfma kt adeéer .

dahafazlamz al t @ mé

(Yazar,Y é | Ak rapése BakISoma -1 ar
-tal ékmada referan|Di kiz aynasé ¢(zerinden y¢iksek
ayna model i nin kapaj énén téeékanmasé nedeniyle d
yé¢ksekliJi i se 13%0lmxkt dldgat i f basén- al anéndan
-R¢zp@meabanén 120{ters basén- gradyanémekeddirBagtte ian
kar keelnéek34gem/ sé6di rifbunun ¢stesinden gelemez ve aer
-Di ki z aynasrée,zm®@th|gi rdap ol ukturur.
I - er idsgizn dbei r p vealk Yar ek oranénén artmaséyla iz a

(Fu & Li, mm uzaj a mol ktt®ikiz|azal déjé ve girdabén yavak yava

2021) aynasénén akéek en¢olukumunu b¢gyek °1 -¢de basteéerac
-Hesapl ama al anen|Di ki z kelw¢nzaesréi nde di kd°rtgen yuv
uzunl ujunda, 10H |ol an girdap yavak yaakoalku kd uovraarndéar
yveo ekl ijinde boyutinegati f baseéen- mer kezi azal er.
-Toplam aj sayeéseé |azal massamyhar .camda dal gal anan
vV e me s h o wutzl agaer odi nami k ge¢r el teéeseneg azaltag

sajlanabi |l ir.
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¢izel yan2 a® na

czerindekonakérdhl ag bilimsekakr | askkt t €kr I meal| eanr

(devam)

(Yazar,Y é | Ak &mapése BakISoma -1 ar
-¢tal é Kk ma, referiq-Analiz, i- kanall e dék dikiz ayna
kanal tasar émé ses baséncé seviyesine sahip ol du]j
deéck di ki z ayn/-Ortal ama bir i - kanal dék di ki z
yapél mékter. sahipken, referans dék dikiz ayna
- Her ayna 110knf, 130kmh ve | sahiptir.
150 kmhol mak ¢zere-K- kanal dék di kiz aynasénén havi
hezeyla test ed|{seviyesini azaltmak i-in iyl bir
(Zulhazmi& |[-Nem ve séecakl é/-Bul gul ara g°re, dikiz aynasénén d
Mustaffa, |23 306 e, nem igdaha y¢ksek heza sahiptir ancak da
2021) ayarl anméexkteéer . nedeni , - kanal dan ge-en havaneén
- Hesapl ama al aly ¢ ksek helzma sséadhé rp. Bu y¢ksek heéz,
2000mm x 800mmébé|yarat ér . K- kanal dék dikiz aynasg
-Ak él al anénén Kreferans déek diKkiz aynaséndan da
elde etmeki - i n s tEpsilodlazal t manén yané sérarhaeadake wnyn
teéerbel ans model |[Bu, i - kanal dék di kiz aynaseéneéen,
azal t mada daha ivyi ol duj u sonucun:i
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¢izel yan2a¥na ¢zerindekonakaénrdEkag bilinsebakriaskkttékrineatleanr ( d ev am)

(Yazar,Y é | Ak&mapése BakISoma - 1| ar
-¢al eékxmada i ki farl-Sonu-1ar, i Ki ayna konumuyl a |
y°nt emi karkeéel akt ol madej e ancak akustikte g°°zl e

yatay olarakv eya eksende/- Yat ay Kkonuml anan ayna t abané
yerlexktirilmiktir.|lkonumlanan ayna tabanéndan ¢r e
hangi pozisyonun d{g°r ¢l megktgr .

ve g¢reéelte olukumuj-Yatay taban konumunda havaneén

-¢al € Kk madoameg=aT tKgr bjuzakl akép geri d°nerek yan g°v(
(M. Zaareer . .
kull anéel méekt éer . géeréelt¢e seviyelerine neden ol di
& Mourad,
2022) - Denemeler 22,22m/sn, 27,78m/{-So n u - ol ar ak, taban konumu esad
33,33m/sn, 40 m/sn, 44,44m/sn, 50mmak si mum g¢r ¢l t ¢ seviyesini et |
ol mak iczere alteée |-Kki taban konumunda da aerodin
yapél méexkt ér . da hi- fark ol madéjeée g°r ¢l mekt

80,100,120, 144, 160|y¢zey alanlarénén exit ol maseée
-Hez dejerlerinde et kil emediji sonucluamméxk tdéor] .ynathan
kuvvetl er.i il e birkonumunun aerodinamik kuvvetl e

ve minimum sesi bu kaméetélkt ér .




v

¢izel yan2a¥na ¢zerindekonakaénrdEkag bilinsebakriaskkttékrineatleanr ( d ev am)

(Yazar,Y é | Ak &mapése BakISona- 1| ar

Biyoni k k°pekbal eje y¢l¢tal ékmabdiayoni k k°pekbal éj e

ve g¢relteg azaltma etkaynasé y¢gzeyinin degzenini

bal éjé y¢zgecinin kKekl|negatif basén- al aneén &an dikiz
kabuj una uygul annvars édikizjaynasénén arkaséendaki terhb
aynaséneé arkaseéendaki gy an cam al anendaki yan

noktal arénén ses baseéenge¢reltegsenegn azalt él maslEESe,
yoluyl a el d&Sayedkiallmi sif ar kl é al t ézgara °I| -ekli
(Yeetal, [g¢e¢veni b irlifji rézgar -%zerken te¢grbeglansl é& girda
2021) ¢al ékmada yan di ki z yontemliep i oeldn®jylh ES model i n
gereéeltegsegneg hesapl amaklhesapl ama hatalaréna sahip
modellere dayanan LES (Large Eddy Simulatidaer odi nami k gerél teéesenyg h
model i kulHKarnned kmeekk t &re.lo|l duj unu mi kgt°i Sremelr ayna modelyle
geometrik y¢zeylere dalkarkeéel aktéréeldejénda hava
yé¢zey ajé olarak ¢abéernyapésé sayesi nde me k Biedayedeyan
r¢zgar hézée 140 km/ saa|di ki z aynaseéneéen ar kaseéenda
belirlenmi«ktir. i yi leeekaemrodi nami Kk megrt,én ¢ de
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¢izel yan2 a® na

czerindekonakérdhl ag bilimsekakr | askkt t €kr I meal| eanr

(devam)

(Yazar,Y é | Ak &mapése BakISona- 1| ar
-tal ékmada Tiba seda|OrijinalTibayan di ki z aynasénén bas
di ki z aynasénén havaila 101 db araséna ul akél méx
azaltmak i -in geometiseviyesinin artmasé nor mal di
CFD analizleri vV e cel eman model i, téerbel ansl e ch
dejerl endirmeler yapg°sterir. Bu CFD sim¢glasyon
- Yan aynalardan kaynaklanan ses seviygedal gal anan basén- b°l gesi nde
°l -mek i -in 80 km/s|ineden ol an t¢rbeéeglansl é akmek?P

(Goharietal.,k m/ saat hezl arda yollboyutlu bir sim¢gl asyonda, ahimbir

2022) -Hesaplama alané 50(kesit ad dainlée rieadbkget § U  bi r mo d e
belirl enmik ol up, ylmodel in CFD sim¢glasyonu, y a k
i -eride konumlanméxktiazal masé g°stermektedir. He z
-Aynanén en iyl -aprijte¢egrbel ans| é hava akéekéneéen
i ki deji kKken -apa sidon¢gkt¢er ¢l deé]jménk A gorétcaay ao § -t
di kkate al énarak, yamodel iczerinde testl er yapeéel
dejiktirilerek her y%8, 13 ile 12,87 arasmwrkdarger -
CFD -°z¢m¢ yapeél méxkt
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¢izel yan2a¥na ¢zerindekonakéa

R d B a g hilanseéakr | askkt t ekr I neal| eanr

(devam)

(Yazar,Y é | Ak &mapése BakISoma -1 ar
-Anal izl er, genikliji|-Daha dolgun yg¢zeyler daha d
vV e uzunl uju 1600 mnivebuna b ajalkée mo lye red kerimlidir Yamaynd a r
ger-eklexktirilmiktirlkegt K gekiney U rmu K a k olagakt- & x & n Isaomnua
al anénén merkezine k¢ yilekmesini sajlamaktadeéer.
-Meshy ap@lsa@r ak t etkruahleag- Aynanén arka y¢zeyindeki S i
olup, 2, 17 mi |l yon meshbasén- katsayésée dejikimlerd.i
(Yu&Liu, [Anal izl er Xlerm/eklhe&kz#g-Aynanén arka y¢gzeyinde ejri
2011) -Sim¢gl asyonl ar da t ¢r|lyé¢zendleerbaseén- farkénén azal
realizablek) t erci h se-il mikatsayésénén d¢kmesini sajl a
Birbirinddemyfnar kmo@el|-Aynada yan y¢zey ve arka yg¢z
profilleri incelenerek, i t er asyonlparal el tasarl anmasé ©°nemlid
ul akteéejeéndaki sonu-1|ldy°nl endi ryi°lnelreenkdsi-gatreti ¢ | e bi | irak
basiénsgar ¢kl enme farkeé de¢gkeér ¢l




LC

¢izel yan2 a® na

czerindekonakérdhl ag bilimsekakr | askkt t €kr I meal| eanr

(devam)

(Yazar,Y é | Ak &mapése BakISoma - 1| ar
-¢tal ékmada dojrul ama mo/-Tasarém 1, 120 km/ saat gi
sedanar a-in Honda Ciwira-Imaksi mum 77,21 dB"Il ik ©bir
Range Rover Evoqdea Kii tip yan aynalk m/ saat hezla giden Tasar
kull anél mékteéer . seviyesi 75,71 dB'dir.
-80 km/ saat, 100 km/ saal|-¥zetae&@r&amn yaasdyamseég,an
i -in analizler ger-ekledaha y¢ksek bir akusti k gg¢
(Muhammad _ _
-Analizl erde yan ayna s{-Tasarém 1, 120 km/ saat]l.
et al., 2023) _ _ _ ) _ _
-1 zgi si ve héz akeék -izs¢réekl eme kuvveti cretirke
-Hesaplama hacminin genlhézda 6, 36 N'I i k¢ rbatrmiskstrigrk
ve uzunluju 1 m olarak |-¥zetl e tasarém 2 O6nin yan
h ac mi girikinden O0,5m udaha y¢ksek bir s¢r ¢kl eme
-Sim¢gl asyonda duvara yaé
uygunolan SSTo mega model i k u




8¢

¢izel yan2a¥na ¢zerindekonakaénrdEkag bilinsebakriaskkttékrineatleanr ( d ev am)

(Yazar,Y é | Ak &mapése BakISoma - 1| ar
-Deneysel -al éekxkmada 17| Modelak®$gzeyi nde;
geni kKl i k ve 5 0@G°mMmMmi yg&|- Ayna model i nin z@mde] e
a-ek r¢gzgoO©r teéeneldi kul IIN60Ad6demi ni mum ol muktur .
-Deneysel -al ekmada mod-Yaj akék metodu kull anél a
belirl enmicktir. ayr edodzljenmi ktir .
- Ayna te¢nel girikinde|-Cbdejeri yaklakék N75Ad6de
(Katoetal, |[sabi tl enmi ktir. -Ayna modelinin °n y¢gzeyin
2007) -¢tal eékmada 30 m/ s, 40 mbaseén- daj él eml ar é&, Re S
OA veapmA a-élaré kulladg®°stermemicktir.

-Referans héez ol arak 40|(-Zaman or pcadjaémadml aa e, sap]l
etkil enmemi ktir.
Mo d el Arka akek y¢gzeyinde;

-Zaman ortal amal é basén-,

-1 - Reynolds sayésé i-inde




6¢

¢izel yan2 a® na

czerindekonakérdhl ag bilimsekakr | askkt t €kr I meal| eanr

(devam)

(Yazar,Y é | Ak&mapése BakISoma - 1| ar
-¢tal ékmada ayna |-Ayna tabangfar!| bmi hima | y aN 3a, ydefeed
optimize ederelol duj u, bunun akustik ger el tg
kaynakl anan gérjperformanséné sajladéjéné go%ster
azal maya odakl an{-Aynanén her a-é& dejeri I -1 n y¢ze
-Ayna ile tabanélkuvvet. hemen hemen sabit bul u
di key bir d°nmeg- ékar él dej e gi bi s¢rékl emenion

(M.N. belirlenmik ve a|g°r ¢l megktgr .

Zaareeretal.derece araséenda |-Aynanén tabané yataegecaekygangemnl B
a-éneéen belirlenmincelenen t¢m dijer a-€elarla kart

2023) incelenmi ktir. omakt Ageeca, aerodinami k kuvv e tme;
- ¢al ekxmada aenkuvyvetmektgdi.Antceark a- énén ar t ma sdérecdye
aerodinami k kuvvjul akana kadar arteéerdéek-a kaldeéerm
ger biri ayna t{°neml i °1 - ¢ode d¢derecek aama a kk ¢y i¢grke dd
dejerine sahiplkuvvetinde bir deji ki kIl ik ol mas
incelenmektedirrHa v a akéehfcivar cBuédgdegk art éx, ger el t ¢ emis
m/ sn ol ar ak bel i |stabilitesini etkiiemmektedit




3. MATERYAL ve Y¥NTEM
31lTakétl arda Yan Aynal ar

tal ékmada g¢ngeé mgzs okno nd%rmpd mlaeradd aeldeakt ri ki
kamer al é yan aynal ar czerimneng¢sentekii K edé m
incelerme si s ajbHkalataklfeaxmeé&mr al € y a meaakyénka yngozdeeylil neer

ol acak kKekiakkanabnkdapesall @n yan ayna model

kat sayéséna et ki si i ncelenmi ktir.
Yapélamneratg¢r b rsaxn we-kloearl ané b g hbhahka -al éx
ger-eklextirilmiktir.

3.2. S@gll &awmas é

N¢ me ranakzlerde k ul Inak @ mnar al € yan ayna tasar é
dojrulujunu karkel akteérabil mek adéena | it

gerekmektedir.

Dojrul ama -3 &kun20s1lPmda,t er anteagedalkE mma v e
onl arén sajl ama akam&ateve dris, 20074)a | dbéakkl kaar ey avy
kul | anéaimek ma& d averdey stdndart [@rlayekar ¢ ztg Omalei yapél m

ger - ek Wiary acthemaekyeadér ve dojrul ama - al ékm

(Yu&Liu, 20115 nmg me r i k ndakirhoglelanyanséé °© fasarfphaesak d gl a ma
-al ekxmasé gerk-8&kKlbaedkprmiaktai r- al € Kk myassré naan &rud
°1 - ¢ er i hesaplansayhacain-éenr i si ndege%n ¢ Iknoddesapacha r .
hacmiol arak 1600 n80mMmmyy kKiseK,BeOfnngarei kI i Ji nde
hacmi k u | Ayrsa hesdplangahdcmimimerkezinck onuml andé s5aj ma ma
-al @ékmaseéenda h1209 anpnl @zomuk,8 &c mmm geni k1 i k,
y ¢ k skiedirlAynaa k € Kk hacmindm@nk | mmgiélcer i de konuml
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#{E (mm)

kekil.hsaBl ama -kil exanmas@&ynma mnwetlkesplamahaomdekil - ¢ | €
konumu(Yu & Liu, 2011)

Yu ve LiuGrwkita- aylaapemE naé k kKt deul mukekur . A
giri Kk beB@ms-&Kler ésiceaeéf ekabadel-r bgrl adhysa nmo «
olarak zel | i kl e sénér tabakasé ve ayreél ma bF
doj ru s onunrebeaiyleSSTekg mé gr b¢l ans modSSTky kul |
terbel akaymadegleiri | mesi t asayésmdmnkéenké ahyer séal brmaa
ol duju b°l gel erde daha dmjakut Aghamyn; Hesly el
ve analiz hacminduvar |l aré ydig Apabiz yaglowpledfaszsgéEmd a
al gor ktmbhaeadnaidéexrt Eeg . kyud H eamsd mave garamdtrelar | e r i

¢izelgg°8teddémi ktir

¢i zellLyak 8ns amavelrailtiezrnleearribe br Bl enme s i

Parametre Dg er
Hava -ékecxk 0 kPa
Hava akék 20 m/s,30 m/s 40 m/s
Genel
Tip Basénca Da
Héez For m¢gl a Mutlak
Zaman Sabit
Mesh Polymesh
Model
Terbel ans N SST k¥
Materyal
Hava yojunl 1.225 kg/m
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Metot

Y°nt em Coupled
Yakénsama Kriteri
S ¢ r e kQontihuityk  ( 104
k 10°
¥ 10°
H é (x-y-z eksenle) 10°
YuvelLiuyan ayna i-in yaptekil akleemmededd5Rs aypa

olarakb ul mukYap aléan analdaj] eul smausghgima s ae

kat s@yo@sbbulumar ak dosfarjullaannmaé Kt ér .

3.3 AnalizHacmiv e K a me rAgnalé a ry &gomietnler

Kkfiar k|l & deggieModet tve iModel2k a mer al & ¢yzaenr i ade ki

karakteristikleri 20m/s, 30m/s 40m/rdai héel anmi Kkt ir. Ayr éc
modellemea k €k y ¢zeyine par al ek,Moddlle aa k| k &€ k k b the
yan ayna ve Model 2 kanall & kameral e yan
ayna tasaréemlaré 20m/ s, 30knd 3 klagim® mA & € h a y
model |l erinin sg¢r ¢ikilnecrerhee nkmatkstayréseéena et ki

Tasar | an anyan kagne emodelle® e vV e yan ayna mod el

versiyonl aréna ai-'t t ek ni kk erkeXiikn@l ke idekiv3e. 5p €
gibidir.
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)

30

50

k ek i2IModgllk a mer al € -yismk nadykna esim ve perspekt

o < ‘ ‘
M

10

30

60

kekiBModéll kanall e kamémédahékyapvpsaynae pers
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60

kekidModd2 kamer alietiwdani aynasim ve perspekt

10
7

&0 35

kekibModdR2 kanall é kaméeémbhéeékyaersamnae per sy

Té¢ém yan ayna ¢ me drakzleedd nk ml Ina nhadmasna | d raanlai :
-al ékmaseénda d a800k860x1i2@0mne dlarak anli & n ndéhaditiedde .
kamer al élarg aten4@0ymmat er k deu ml a n dAnaliz haon@ikit & r .
bl geye ayrél mawmnhar yakkamsekgkleenz pyralb¢bgel
y a pdalmkabd éAnal i z hacmi ve miksehk igl® r3s.ellOl 6edrai vt

34



Ayna °n¢gnde aj yapésé sék ve késa tutul
tutul Muegayedea.yna yakénénda ve ayna ar kaseée
e

ayrélma ve girdaplarén detayl é& ol arak t

«
.

kek6Anal iz hacmi i-erisindeki geleneksel
(@analizhacmgenel g,fbyacynn¢gam¢é- evresi aj yapésé de
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kekiZAhndal i z hacnMode-lelr iksaamedieakii®@n ylaaad e me | i
g°r ¢n(@anglzhacmgenel g,fbyacgynngam¢é- evr esi  aj yapée:c
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ek i8BIAn&al i z hacmi i kaenkebimedakié WMadelaynane
yapeéséneée n(a)graliz Raocmgnedn:e | g, fbyacynngam¢- evr esi aj
g°r¢neémeg
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(S ’.
LY K E e

kekO9IAnal i z hacmi
g°r ¢ n(@analizhacmg e n e |

Pkamésaihn@dekan Moayeéaneén Kk

g,fbyacynngame- evr e s i

38
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kekildAmal i z hacmi i2- krnkhaihataké Wadehynane
yapésénéen@ghalbnzmpacmi (eyed gelvpgpagimealj
g°r¢nemg
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34. SénéméerkaBdlliarrléenmesi

Yan ayngaet ki yen akeék kar akt etakisati led °@ag,e |lienrci
vortekder ve b ° blgrakg el iakleik d wulunabilmektedir Tasarlanan

k a meyamdyr@amodellerii - i n yapél an Pzeklri kl anaénét e
ayréel ma b°l gel eri gi bi kar makeék nadeniyle al a
SSTky t¢rbegl ans mo 8Ty k ylrlbgnh gkiyme getdrabs .| |
takénéméne bagesimda&k ek atamas£d maséenén ol duju

sonu-|lar el demakdbabdmesini sajl a

Ak @acmig i ihiék g i rtiaknié nol laaniiNderk é ébéaxsEen] BPa d d ér
Terbel ans ak@jku mlacwjru evgthoaod kadra k belTgpr beghaneg
Vi skoziwles e-rialnm@i°rktsimr i -in kull anélibnti t ¢r b

dereceden denklemfbr.

35.Kamer al e Aydah aB&jpééennésné zKnec el enme s i

Sayésal analiz -aléxkxmalarénda dojrul ama
y°nt eBudiyP, ntseany € s al -%z¢mlerde kull aneéel at
-%z¢é¢mlerin sonu-1larénén belirli bir nokt

-%z¢megn ajdan bajémséz oltdasjaun@anghs themi rb
yan ayna modellerini@pd ej er | er i kr ipoecelry md salr ak] ayl eéméeas
hezenda yapeéelan 7 farkle aj sayésénbda aj

-0 z¢éiml er-det SShrg lkans model | kull anél mékteéer

¢Ci zel2gvo d2.1 1 kamer al3® yd rsy ahpeérladaan - ajndan b:
-al eégmagéel ar é

Aj H¢icre S S¢réeékl enmed Ka

68619 0,3693

126586 0,3497

229878 0,3425

415804 0,3355

554055 0,3165

734804 0,3084
1018491 0,3062
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(@]

o un u -x

siiriiklenme Katsayisi (Cd)

ek 11 Ma3d e |

rafiji

ekil 3.116de ve

cr ¢kl enme kat sayéseé
ayeéséenda ajdan

u ajJ hg¢gcre sayeéeseé

zel3gvo d2 . 2

041

04
0,39
0,38
0,37
0,36
035
0,24
033
032
0,31

03
0,29
0,28
0,27
0,26
0,25

0,3693

Modell Kamerah Yan Ayna icin Agdan Bagimsizhk Caligmas:

100000 200000 300000 400000

500000 600000 700000 200000 500000 1000000 1100000

Ag Hiicre Sayisi

1 kameB@Ql &/ gyyalp&dghma aj dan baj é m:

¢

i zed@em/3s 2bederdag®ajl e
dej i ki mi 80a4r agendglc

bajéemseézl ék sajl anméek ol

kamer al é

referans al énarak dev:

yanyay@laan - ajnd 80 hIm

ékmasé sonu-1|are
A] H¢gcre § Sereéekl enm@ Kg
83314 0,3632
148247 0,3310
264243 0,3259
429318 0,3219
562650 0,3151
738407 0,3137
1011895 0,3125
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«

o u u X

Siiriiklenme Katsayisi (Cd)

= @

041
0,4
039
0,38
037 0,3632
036
0,35
0,34
0,33
032
031
0,3
0,29
0,28
027
0,26

0,25
0 100000 200000 300000

Model2 Kameral Yan Ayna igin Agdan Bagimsizlik Calismasi

0,3137

0,3125

400000 500000 600000
Ag Hiicre Sayisi

kilAMadel 2 kamer al & vy

afiji

Ki l 3.1206de

vV e ¢i ze

cr ¢kl enme kat sayéseé

Q

c

yésénda aj dan

ajehgayéseé

referans
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4 . BULGULAR ve TARTI kMA

4 . 1. Girick

¢ al e ktasarthrzar? adetk amer al € vy ain- 2a0y,n a3 Omowee | MO0 m/ s

akéek karakt er i &kolatadkkearme rian cce lyammiaw tniar mod e
a-¢el ar ak, kamer al @ yan aynaaynoazlldreda nk al
akék karakteristiklerine etkisi i ncel enmi

42Kamer al € Maell AHEan Et ki s

20, 30 ve HKbkmmer heel peda sagkafeyg gbétasell
kesitinden a lyé,nzaamk @ & i 14 . 8go°lset er Mo adne Ikt i k a memréar & vy
orta kesiyimondkan igarl éhneaznl ae d ay grkesng kol dag k

¢izel gg°4troddaamkkéi héezMakédleY | eamechdd € vy a

b°l| geshiénzd ecka] €l é°ne ealriek | ebre nszeerrgi | emi kKt i r .
ettijJi noktada ve -evresiTpdre he&z édnean® r o lec
aynaneéen yan makseynuer i m@&zl ar g°zl eml enmi

vorteksl erin ohléuzkénujaué fbérlag ey ek ldaekz el 1€i kbl e

aynaar ka orta b°l gesinde héezén séefeéer ol duj

¢i z ellgvedel®d.dteg m h &zalnaradyananén orta keenitinc
yéksek vaden dekgek

H é(m/s) 20 30 40
Maks (m/s) 29,525 44,525 59,607
Min (m/s) 0,146 0,420 0,107
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vector-1 e 3
Velocity Magnitude ~ -~~~ =~
2.950+01 < e
2.66e+01
2.36e+01
2.07e+01
1.78e+01
1.48e+01
1.19e+01
8.96e+00
6.02e+00

[m/s]

kekilModel 1 kamer 20méd dkesita | &@ynmmann hrg zey é &k P r |

vector-2

4.45e+01
4.01e+01
3.57e+01

2.69e+01
2.25e+01
1.81e+01
1.37e+01
9.24e+00
4.83e+00

4.20e-01
[m/s]

: e
—'—""_*4':‘—‘,‘:3:-—
B g

T
———r

kekid2Model 1 kamer 80mé&b dkees i dy mdeéd@dan y¢izeyde
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vector-1
Velocity Magnitude

5.96e+01
5.37e+01
4.77e+01
4.18e+01 ‘
3.58e+01
2.99e+01
2.3%e+01
1.80e+01
1.20e+01
6.06e+00

1.07e-01
[ms]

{o

(0 )=

kekiB3Model 1 kamer @ddmé& dkees i dy mdeédan y¢izeyde

20030 ve A4dakmkarserath éyan alk&@m@aneimz dial &reisi ti nde
y¢zekadkeiib. 60dat err20mi BOi viardedMOm/ed 1h dggammer al
aynanén arka b°l gesi nde vAokrétkeekns | eynan ioll eu
b°l gesi°nékl ivkel e ayna arka orta b°l gesin
Maksi mum héz dejerl eri t¢em hézlarda k a
gor ¢l nméOkt ¢3r0. veadO@am/ ayh@zarkaséndaki bel g

veyeniden birl ekme Db°l gel eri benzer ©°zell
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pathlines-1
Velocity Magnitude —
2.92e+01

263e+01
234401
2.05e+01
1.46e+01
1.17e+01 =
877e+00
585e400

292400

[m/s]

kekidlModel 1 kamer al20@a/® ghaénzkdaag hn & n @th & naakné my ¢ z
-izgileri

pathlines-4
Velocity Magnitude
4.41e+01

3.97e401
3.53e+01
3.09e+01
2.646+01
2.20e401
1766401
1.326+01 :
8.826+00

441400
000e+00

[m's]

kekibModel 1 kamer 8 dkeezs i dy mdeédan y¢izeyde
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pathlines- 1
Velocity Magnitude
5.90e+01

5.31e+01
4.72e+01
4.13e+01
3.54e+01
2.95e+01
2.36e+01
1.77e+01
1.18e+01
5.90e+00

0.00e+00
[ms]

kekie.Mod el 1

20, 30
kekiild. 86da
yé¢zeydeki

t ¢m

gesterAkeak &niayna

ol duj u

g °r ¢ | nedergylee n
birl &Rt igjeil er de

mak s i

mi ni

¢Ci zelRdvowd£ | 1

mu m

g ° rAynanneaaikas € d d B k ia y a lea Imeéua neavertekslerin

ger ¢l mektedi

mum basén-

d¢KeéKk

ol duju

basén-

heéezl ar da

e il

basén-1 ar

kamer al

dejerl eri

ukKan

t emas

yan

i - 1 ny atné na yhnéaznl éanr doar t a

yan

yéksek veéeasl@ndekeéKk
H é(mn/s) 20 30 40
Maks (Pa) 241,596 542,069 962,015
Min (Pa) -532,053 -1198,629 -2132,837

a7

kamer al é6dkeers i dy ma ek iy mp/zw\ygd ¢

vedakik @meésahezpas ényndkmsgal &ymd zaeryed e
ge°NBo@el 1l mkamer al é aynanert
n

et tifi

dej erlHaad nde] arrlt el
aynaneén

gor ¢l megktgr .

keeai t i

y ¢ ks ek



contour-2
Static Pressure

2.42e+02
1.64e+02
8.69e+01
9.50e+00
-6.79e+01
-1.45e+02
-2.23e+02
-3.00e+02
-3.77e+02
-4.55e+02

-5.32e402
[Pa]

keki7ZlModel 1 kamer a20n¥d ghaénzkdeay nta n @ h € rbaars éyng z e
konturl ar é

contour-2
Static Pressure

5.42e+02
3.68e+02
1.94e+02
1.99e+01
-1.54e+02
-3.28e+02
-5.02e+02
-6.76e+02
-8.50e+02
-1.02e+03

-1.20e+03
[Pa]

keki8Mo4del 1 kamer a30n@d ¢ghaénz daay nkaenséint al é@énan
konturl ar é
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contour-1
Static Pressure

9.62e+02

6.53e+02

3.43e+02

3.36e+01

-276e+02

-5.85e+02

-8.95e+02

-1.20e+03

-1.51e+03

-1.82e+03

-2.13e+03

keki9 Modd.el 1 kamer al4d@gn/Oyddere s iay nan@man yg¢ze
konturl ar é

Kameral @ yan ayna i-irma3l@nr-680g %=t é&d& nm/ gs°
4104 . 1 @ dd e r HE zmitmkatm armsymaddaak i e nveeyn¢, kdfgexkg & n -

ol ukuinlzaeléegg® 4t 80F & mk k & i ymadamwoll aurkcaan b &lag &lne r i
benzelk g °© st erAkiékktéinr ayna y¢zeyine éelzlent edmé e
ul aktéejé noktal ar - evr esjknadmee rean €y ¢ykasne ka ybn

maksi muma ul akt é] éen, sdly avgek marl tg °yr¢ézleny¢l ketréjrn.

¢i zeBHedé!l 1 i -i mytngam atkdz leaar ddgg ksek ve en
H é(n/s) 20 30 40
Maks (Pa) 241,596 542,069 962,015
Min (Pa) -532,053 -1198,629 -2132,837
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contour-3
Static Pressure

242402
1.6404+02
8.69e+01
9.500+00
+6.79e+01
-1.450+02
-2.23e+02
-3.00e+02
-3.77e+02
-4 55e+02

-5.320+02
(0]

kekilGMotdel 1

contour-3
Static Pressure

5420402
3680402
1.94e+02
1.99e+01
-1 540402
-328e+02
-5.020402
6760402
-8.50e+02
-1.02e+03

-1.200403
[Pa)

kekillMotdel 1

k a meda20m/® dgea n plagme a -

k ameda&inks dag & z hlasee n -
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contour-2

Static Pressure
9.626+02
6530402
343e+02
3366401
276e+02 ([0
5850402

-8.95e+02

-1.20e+03
-1.51e403
-1.82e+03

-2130+03
[Pa]

k e k il1d Modellk a me r a | &adgpna/ns dalyénzaplaessren- daj él é mé

Kameral e yan ayna i - ibhha2@Inu k3unel kaerié.al 548tse |
g°sterB¢ nmiékztliaar da aynadaki en y¢kéekelvgee
440t g° st er.iBamiéknt-itrak ié v e ajkéa téesna yaerl benzéxlik ar a ¢
gf ¢ | me KAtkeeckiérn. ayna y¢gzeyine Ekkentember et
noktalar- evr esi nde ekatys,&kyeéelkargeammenal €é yan ayn
maksi muma ul akt éej e ¢esnt ,d ¢aK ¢kka vhsaaga@akza rme kzte gy

¢i zebhdo del 1 i - i naytniand akké z leanr dyag, k sek ve en
ol ukuml ar é

H é(m/s) 20 30 40

Maks () 0,986 0,983 0,982

Min () -2,172 -2,174 -2,176

kekil3Moldel 1 Kk amem &@hne arkesaenn2taysh caebkais e n- kat s
ol ukuml ar &
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3600 02

- 280800
£8620°
1100
1230400 |

4 1540400
-1.880+00 1862400
217000 21780

kekildMaddel 1 kamer al & yan30any rsddrdéerki® rbawe na
| ukuml ar é

o

—i (i

kekil3. Moldel 1 kamem&hné vyea narachyshsdekalsae M-0 kat s
ol ukuml ar é

20, 30 ve Kbamser hl e | @ta kbsitmdan anyEinzaenbdekein -

kat salyeées eékd lkairled .41 g 86tse¢ er Ak emkenhi myna il e il
noktada ve -evkastsmpé&sédmesmnol duj uHéeg® r ¢ |
dejerlerinin kMMadldkiamemadlédwyjam aynanén yan
dejerlerinde kit shepjeemrebasiéng®r ¢l mgkt ¢r
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contour-5
Pressure Coefficient

9.86e-01
6.70e-01
3.55e-01
3.88e-02
-2.77e-01
-5.93e-01
-9.09e-01
-1.22e+00
-1.54e+00
-1.86e+00
-2.17e+00

kekile. Mddel 1 kamer a2 @ m/ysaknd sakyli n aanléénnbaans éyn¢-z e
katsayésé ol ukuml ar é

contour-5
Pressure Coefficient

9.83e-01
6.68e-01
3.52e-01
3.60e-02
-2.80e-01
-5.96e-01
-9.11e-01
-1.23e+00
-1.54e+00
-1.86e+00
-2.17e+00

kekilt. Mddel 1 kamer al

y akne sa yt n aanléennbad@n® ayh¢szoa
kat sayésé ol ukuml ar

é
e
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contour-4
Pressure Coefficient

9.82e-01
6.66e-01
3.50e-01
3.42e-02
-2.82e-01
-5.97e-01
-9.13e-01
-1.23e+00
-1.54e+00
-1.86e+00
-2.18e+00

kekil8 Mddel 1 kamer ad0m/ sytache kay nkaensint al enan
katsayésé ol ukuml ar é

20, 30 ve 4Gkm/nerlaé 2| aodahkesidinden a B Eyanzaey d e K i
te¢rbel ans kiohetiulknk b4 .42 HadOd emektetlis B gtr 4 h

h éz lkiakridnae t i k enerjni ydéajsekl| ehaediernég imz edl¢oke, k4 . ¢
ol uktur.Qil snumtanmrdé b°l gelver genaldem lbajriéédema

ol arak te¢grbeglanseéen vy é¥kzseelkl i &ll deujyua ng °ayen am

b°l gesinde tem héz dejerl eri i -1n ma k s
gor ¢l mMggwtbegrl.ans #&denethé&cziemiee ) bi rl i kte art
¢i zebdod£l 1 i - i nyatn; ma yhnéaznléanr doar t a keesi t i n

y ¢ ks ek v &neekrenedilerk ¢ k

H e(m/s) 20 30 40
Maks (m?/s?) 23,759 53,896 95,476
Min (m?/s%) 0,0198 0,0289 0,0376

54



contour-6
Turbulent Kinetic Ener.

2.38e+01
2.14e+01
1.90e+01
1.66e+01
1.43e+01
1.19e+01
9.52e+00
7.14e+00
4.77e+00
2.39e+00

1.98e-02
[m72/s72 ]

kekild. M@ldel 1 kamer a2 @m/ysa@d eaty naln@&nmtagnr bys¢d zaenys
kinetik enerji dajél émeé

contour-6
Turbulent Kinetic Ener

5.39e+01
4.85e+01
4.31e+01
3.77e+01
3.23e+01
2.70e+01
2.16e+01
1.62e+01
1.08e+01
5.42e+00

2.89e-02
[ m"2/s2]

keki20 M@ldel 1 kamer al & ylaesiaty naln@maind 0ynd madyd
kineti k enerji dajél émeé
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contour-5
Turbulent Kinetic Ener

9.55e+01
8.59e+01
7.64e+01
6.68e+01
5.73e+01
4.78e+01
3.82e+01
2.87e+01
1.91e+01
9.58e+00

3.76e-02
[mr2/s"2]

keki2lbL. Maldel 1 kamer al & ylkesiaty naln@mag¥ Oynd med\d
kinetik enerji dajél éme

43.Kameral @ Yan Ayna Model 2 K-in Héz EtKi s

20, 30 ve 40m/ s hezl ardaki kamer alorla yan
kesitindn alynzameyden ikeRa4b6ted. @g2steri |l mi ktir.
aynanén orta kesitinden aleénan y¢zeydeki
hezl ar 6bidaelgd e tFearrikll ndi khtéizr de@keamleeril @deg.,anl
arka b°l gesindeki hez dajéeléemlaré, benzer
et tijJi noktada ve -evresiTpdre hle&z édnean® r o lec
aynaneéen yan yézeylerinde maksi mum hezl
n

vortekslerin oluktuju b°lgelerde heézé S

ayna arka orta b°lgesinde héezén séfeéer ol

¢i zel6.gwdel26 d @ m h &zalnaradyananén orta Kkeenitinc
yé¢ksek ve en degkegk heéezl ar

H &(m/s) 20 30 40
Maks (m/s) 30,526 46,099 61,714
Min (m/s) 0,306 0,375 0,336
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vector-1
Velocity Magnitude
3.05e+01

2.75e+01
2.45e+01
2.15e+01
1.84e+01
1.54e+01
1.24e+01
9.37e+00
6.35e+00
3.33e+00

3.06e-01
[m/s]

vector-1 -
Velocity Magnitude
461e+01

4.15e+01
3.70e+01
3.24e+01
2.78e+01
2.32e+01
1.87e+01
1.41e+01
9.52e+00
4.95e+00

3.75e-01
[ms]

k e k 2d ModeRk a mer al &

Yomhs dge@akeées
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keki2ZhMAd el 1 kaanemah &n Kkdsibam/ésndbadne Wgzeyad &k P r |

20, 30 ve 40m/ s hezdaki kameral @ yan ay
yézeyde25k2/aagl®c s4.er20 mi XQ i vierdaM@deRksa me&zal & vy
aynanén arka b°l gesi nde vAokrétkeekns | eyn an ioll eu
b°l gesi°nékl ivkel e ayna arka orta b°l gesin
Maksi mum heéz dejerl eri t¢em hézl arda k a
gor ¢l nméOkt ¢3r0. veadO@am/ ayh@zar kaséndaki bel g

ve yeniden birlexkxme b°l gel eri benzer ©°zel
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