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NUMERICAL INVESTIGATION of AERODYNAMIC EFFECTS  
ON AUTOMOTIVE REAR VIEW SIDE MIRRORS 

 
Merve VATANSEVER ENSARIOGLU 

 
 

 
 

Supervisor: Asst. Prof. Onur YEMENICI 

Studies carried out to reduce drag coefficient in vehicle aerodynamics, provide 
improvements in fuel economy, vehicle range and environmental effects. Side mirrors, as 
a source of drag, have a 2% and 6% contribution to the total drag coefficient. 
 
In this numerical study, firstly, the effects of different velocities and yaw angles in 4 
different side mirror models were analyzed with a full factorial experimental design. 
Secondly, for 2 of the models, the effects of 3 variables (aspect ratio, height, length) of 
mirror arm geometry were examined according to the fractional factorial Taguchi L9 
experimental design. The statistical results were explained by flow characteristics. 
 
It has been observed that the velocity does not have a significant effect on the drag 
coefficient in the range studied. On the other hand, in Model 1 and Model 3, where 
longitudinal vortexes did not occur on the side regions, a first-order relationship was 
found between the yaw angle and the drag coefficient. As the yaw angle increased, the 
drag coefficient decreased linearly. In Model 2 and Model 4, a second-order relationship 
was found between the yaw angle and the drag coefficient and it was observed that also 
the curve changed sign. The drag coefficient increased and then decreased with the 
increase in yaw angle, due to the absence of longitudinal vortexes at negative yaw angle. 
 
While a balanced vortex pair was formed in Model 1, downwash occurred in Model 2 by 
the effect of longitudinal vortexes. In Model 3, it has been observed that longitudinal 
vortexes did not occur and the transverse vortex pair caused upwash. The flow in Model 
3 was similar to that behind the squareback cars. In Model 4, the streamlines closed at a 
short distance, but longitudinal vortexes, which travelled a cross path and moved away 
from the vehicle unlike in the other models, were determinative in the wake region. 
 
The most effective parameter in the arm of Model 1, which has a circular / elliptical cross 
section and extends curvilinearly, was the height. While the increase in aspect ratio and 
length decreased the drag coefficient, the increase in height increased the drag coefficient. 
The most effective parameter in the arm of Model 2, which has a rectangular cross-section 
and extends linearly, was the aspect ratio. While the increase in the aspect ratio decreased 
the drag coefficient, the increase in length and height increased the drag coefficient. 
 
Keywords: Rear view side mirror, aerodynamics, computational fluid dynamics (CFD) 
2020, xvii + 290 pages. 
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1.  

 

, l  

dir. 

e

. rtan 

, , ; ara  

 olarak . 

 

Bu kapsamda,  , 

uygulamaya konul  lerdir. Alternatif b , 

i incelemek ve   . 

 

;  ve maliyet gibi 

, r. 

, 

 , 

,  %2 ila %6 .  

 

, 

ni an yan ayna  deki aerodinamik etkiler, 

nalizler; -

realizable k-

  4 binek  

  

 

V = -

durumu ve aerodinamik karakteristikler incelen

,  ve 

lendiril analiz . Girdi 

, D 
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   yeri 

  ve kesirli  Taguchi ortogonal dizileri  

parametrik 

kolu geometrisine ait   (

 Bu analizlerde . 

toplam 18 adet analiz  , D 

ki etkileri,  

 

; 

si r. Gerekli 

yerlerde, cisim- nda  , 

 aerodinamik karakteristiklerle . 
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2. KURAMSAL TEMELLER ve  

 

2.1. Kuramsal Temeller 

 

, , 

 ve Cimbala 2015). 

 denir.  ise, durgun ve hareket 

 -  olan etkilerini inceleyen 

(Umur 2001). 

 

A aerodinamik

/ ve 

n kuvvetler/momentler ile ilgilenir. 

 

 ve Cimbala 2015): 

 

 Viskoz ve viskoz olmayan 

  

  

 Lamine  

  

  

 Bir/iki/ -boyutlu 

 

, yani Reynolds (Re) 

 , viskoz 

 Reynolds  , V 

, nu,  
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  (2.1) 

 

, 

(Ma) 

  . Denklem 2.2 

(Rodriguez 2016). 

  (2.2) 

 

1.   (Rodriguez 2016) 
 

Mach S   

Ma < 0,3  

0,3 < Ma < 0,75 Subsonik 

0,75 < Ma < 1,2 Transonik 

Ma = 1 Sonik 

1,2 < Ma < 5  

Ma > 5 Hipersonik 

 

Hava ve su gibi tipik 

problemlerinin  na 

sahiptir.  1 d . 
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1.  (Katz 2016) 
 

 

cisimler  arakteristikler 

 

 , 

 

i 

kuvvet,  .  

 

 ken bazen 

durum 

 ve Cimbala 2015). 

 

, aerodinamik kuvvetler 

ve momentlerdir. Bu  

gerekmektedir. 

 

 
 

Viskoz 
laminer 

 

 
 

Re 

M
a 

 

Hafif 
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, OY enlemesine eksen (yanal kuvvet ekseni)  

eksenlere 

 geleneksel olarak s a 

pozitiftir. yuvarlanma, yunuslama, OZ ekseni 

sapma, . Sapma hareketi  ( ) bulunur. 

Yunuslama hareketi 

 ise  ise  cismin OX ekseni 

 

 

H   . Ancak, 

hareket ) ile OX ekseni  

(Hitchens 2015). L ve N kuvvetleri ya da FD ve A kuvvetleri 

Anonim 2019a

2.3 te  

 

 

 

2. , Anonim 2019a) 

 

OX -  
 kuyruk 

 

yuvarlanma 

sapma 

yunuslama 

OY - enlemesine 

OZ -  

 
 

R 
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3. 
(http://www.aerospaceweb.org/question/aerodynamics/angles/angle-pitch.jpg) 
 

Aerodinamik kuvvetlerin ve momentlerin  ve 

kayma ger    (Anderson 2017). Bu 

 ve 

moment (M) Yunuslama momenti M momenti cismin alt ve 

 B  R, 

 4) enlerine ayr  (Anderson 2017). 

 

 C normal kuvvet (N) ve 

paralel kuvvet (A) 

 A kuvveti (FL) ve 

 ( ) kuvveti (FD) 

 

 

 2.4. Cisimlere etki eden b  (Anderson 2017) 

 

ufuk 

p 

p 
 

s 
 

 

V  

M R 

 

N 

 

 

 A 

R 

FL 

FD 
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L, FD ve M yeterli olur. Ancak 

  ilave bir 

5 FY kuvveti OY ekseni 

rlanma momenti (R) ve OZ 

a sapma momenti (N) meydana gelir (Hucho 1987). 

 

 

5. (Hucho 1987)  
 

bile  (Anderson 2017). 

 gibi pe olan aerodinamik kuvvetlerin ve momentlerin 

 Bu sebeple y olan 

 boyutsuz kat  

 ve Cimbala 2015). 

 

(Pd) yerinde 

 (Denklem 2.3). ,  

 

V  

Z 

X 

Y 

FY 
FL 

FD 

R 

N 

M 

mrk. 
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  (2.3) 

, kuvvet ve 

(Denklem 2.4  2.6) hesaplanabilir (Anderson 2017). 

k :  (2.4) 

k :  (2.5) 

Yunuslama momenti 

k : 
 (2.6) 

 

 L) 

 

 Daha  CL  

daha   

%0,1 artar. 

aerodinamik  (Hitchens 2015). 

 

 (CD) toplam 

 ve 

D 

kliliktir. 

 (Hitchens 2015). 

 

  boyutsuz hale 

getirilebilir ve P)  (Denklem 2.7). Denklemden de 

 P  )  (Anderson 2017). 

 

:  (2.7) 
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konum- 6

 

 Cp=1   ; yani P

 

 Cp=0 m 

genel olarak  . 

  Cp m 

 denir. 

 0<Cp m 

 denir (Anonim 

2019b). 

 

 2.6. de konum   (Anonim 2019b)   

       

, 

  

 

 

 

 

V  

x/c 

c 

x 

CP 
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 var olan 

 ise) 

 

 

Tam aksi durumda nda ise) 

 

duvar=0) (Katz 2016). 

 

Bu nokta genellikle  

. 

  

  bulunan 

 

 

(Hucho 1987). 

 

 A  

 

(Hucho 1987). 

Duvar 

 o

 d=0 
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 analizine 

 Grafikte kayma 

k grafikte 

(Sert 2019). 

biri tercih edilmelidir. 

 

 nin 
Sert 2019) 

 

. Bu  

 

 ,  

 

   

durumda eksenleri yine  

-iki-boyutlu (quasi-two-dimensional) 

olarak nitelendirilebilir. r

 kinetik enerji tersinmez  Bu 

durum bir 

 

Duvar 
Kayma 

Gerilmesi 
(Pa) 
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,  

E bir cisim-  Buradaki 

denir. 

 

  

 (a) (b) 
 

 

  

 

-b

keskin  her birinde 

verilen bir vorteks  (vortex pair) meydana gelir ve cisim-

. Bu vorteksler kendi kalan hacimde 

da (downwash) sebep olur. Neticede meydana gelen ya-

sapma  Cisim-ard

bir emme etkisi ve bunun , meydana gelir. 

-  ve 

. Ancak 

 Bu 

i   (induced 

drag / drag due to lift)  (Hucho 1987). 

 

-  

Kee ve ark. 2001). Cisim-

 - mevcuttur (Freeman ve 

Gaylard 2010) ( ). 

(a) (b) 
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. 

inamik olarak temiz bir 

 

 

 iki 

(Anonim 2020a). 

 
 
 
 
 
 

 
 

 
  

 

 Anonim 2020a) 

 

 

2.11. iki cisim (Anonim 2020a) 

 

S kesitin 

ye  

ilin 

 

 (Hucho 1987). 

 

Toplam 
 

 

 
  

Profil 
 

Dalga 
 

 

Tel 
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 2.2.  (Hucho 1987) 
 

Cisim   CD 

Dairesel levha 

 

1,17 

 

 

0,47* 

 

 

0,42* 

 
 

0,50 

 
 

1,05* 

 
 

0,80* 

Dairesel silindir 
(l/D>2) 

 

0,82 

Dairesel silindir 
(l/D<1) 

 
1,15 

 
(l/D=2,5) 

 
0,04 

levha (zeminde) 
 

1,19 

cisim (zeminde) 
 

0,09 

* Kritik-  

 

ta D 

D 

 .  
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2. D Caballero ve ark. 2014) 

 
D 

 sonsuz olan 

levha ve sil     

 

 

 B D Meyer ve Erland 2019) 
 

 
T/D CD 

 
L/H CD 

1 1,2 1 2,1 

2 0,88 2 1,8 

2,5 0,80 2,5 1,4 

3 0,84 3 1,3 

 

 

 

 

 

 

Disk 

Disk Silindir 
Silindir CD 

Re 

V V 
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2.1.2. Otomobil a  

 

ndan sonra 19. yy  

alanda 

-

. Ancak bu 

denkl

-

bu 

matematiksel  da 

 -mertebe terimlerin ihmal edilmesi 

 

 

, 

ardakinin aksine 

  (Katz 2016). 

 

 -

 (Hucho 1987). Bu sebeple 

azaltmak   

 (Murukesavan ve ark. 2013). Ancak 

  -

kirlenmesi, motorun/vites kutusunun/frenlerin tul

yolcu k

 (Hucho 1987). 

 



18 
 

13 te 

sadece marjinal 

seviyede artarken, 

(Katz 2016). 

daha  

 

13. (Katz 
2016) 
 

A  daha da 

 

D) . 

 

(Katz 2016). 

 

14 t D=1 gibi 

D

 

Teker yuvarlanma direnci 

 
+ yuvarlanma direnci 
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CD -

. 

art leme 

 (Katz 2016).  

 

 

 

14. Otomobillerde  
 
 

 

 

 

Ahmed ve Baumert 
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 kademeli-  (notchback), direkt-  ve dik (squareback) 

otomobillerde  

. Cisim- bu dik otomobillerde 

ya-sapmaya (upwash), kademeli- - -

sapmaya (downwash) sebep olur (Hucho 1987). 

 

 
 

 
 

15. - : (a) Kademeli-
, (b) Direkt- (c) Dik (Hucho 1987) 

 
otomobil tiplerinde, cisim- ki 

A-ve-B-vortekslerine) - -  

vorteks silsilesi ki C-vorteksi)  

olan bu vorteksler ). 

uzun mesafe takip edebilir. A-ve-B-vorteksleri ise  

-sapma 

ki E-  

(b) (a) 

(c) 
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. Ahmed ve ark. 
ecek vorteks sistemi (Hucho 1987) 

 

   -sapmaya 

sebep olurken, cisim- enlemesine vorteks  -sapmaya sebep 

olur. Bu iki vorteks grubu birbirine ters etki 

 

 

g -kuyruk (boat-  Bu uygulamayla 

 

 -

 , B-

-

C-  

E 

A 

B 

C 



22 
 

 

7. Kademeli- -  
 

Vorteks  ( ) (vortex strength) 

,  

  (2.8) 

- -

-

- .18). 

 

 

y 

A 

A-  
D= %5 

A 
 

CD 

B-  
D= %13 

C-  
D= %13 

A-A Kesiti  

A-  

B-  
C-  

y 
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8.  x/l, mesafe 
 

 

 

 (squareback) 

otomobillerdekine benzer (Hucho 1987). 

 

9.  
etkisi (Hucho 1987) 

 

Onorato ve ark., ) 

A

, 

Denklem 

 Onorato  (Roum  

Direkt-  

Kademeli-  

A + C 
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. 
ark. 2009) 
 

 

(2.9) 

 
Denklemdeki ilk terim, 

 

rilir.  ise - -

-  ve 

 lir. 

 

 ve cisim-

 

min -

in in) 

 . 

 

P)  

 

A 



25 
 

 

21. P  2016) 
 

 CP, CL ve CD  arka 

etkisi L 

boy  vorteks , bu vortekslerin cisim-

, CL  

 vortekslerin  

  

22.  

  

duvar 

Viskoz etkiler 

 
tabaka 

 
Cisim-  

 

 
 

grd. 

Ters 
 

grd. 

 

 

 A- P 

 
vorteksler 

-sapma 
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2.1.3. Yan ayna  

 

A

nu bulmak . 

, 

a  

2.4 te  ler (arka cam 

ve bagaj)  (Katz 2016). 

 

4. 
 

 
 

 CD 
 0,050 

Yan aynalar 0,015 

 0,085 

Motor  0,024 

 0,048 

 0,085 

  0,025 

Arka  0,023 

 0,355 

 

 

karakteristik boyutu, ayna 

 m genellikle  ) ve 

 bu civardaki yerel .  , 

Denklem 2.10 

, VA ise aynaya gelen (Hucho 1987). 

  (2.10) 

ya  D 

 ve CD . 

 D 

a D  Hucho 1987). 
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 2.4 teki da bu oran  

hesaplanabilir. Genel olarak y -

(Olsson 2011). 

 

 -

 Bu 

etki 

(Hucho 1987). 

 

tli bir 

i ayna 

 

 

Yan aynalar yan camlarda ilave su bir -

cisim-  ve ayna 

Hucho 1987). 

 

2.1.4.  korunum denklemleri 

 

- korunum 

denklemleri;  denklemi, momentum denklemleri ve enerji denklemidir. Yol 

, 

 2010). 
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e ve -Stokes 

- 

Rodriguez 2016). 

 

Stokes denklemleri 2. dereceden non-  diferansiyel 

denklemlerdir.  

 

 korunum denklemleri, Denklem 2.11  2.14 t  Bu denklemlerde 

, t zaman, x-y-z konum, ,   

 

  (2.11) 

Navier - Stokes denklemleri: 

 (2.12) 

 (2.13) 

 (2.14) 

 

Genel 

ler (Rodriguez 

2016). 

 

2.1.5  

 

,  

korunum denklemi olan Navier- Stokes denklemleri buna 
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ise, deneylerin 

Oh 2012). 

 

(validation

Cimbala 2015). 

 

korunum 

 2010). 

Andersson ve ark. 2012). 

 

Navier

2010).  nden 

Cavusoglu 2017). 

 

k

( 23) 

(Andersson ve ark. 2012).  

 

 24) (Tabatabaian 2015). 
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Artan hesaplama 

maliyeti ve artan 

seviyesi 

 
 

 

 

 

modeli olmadan 

   

(LES) 

Subgrid 

modelleme 

R
A

N
S

 m
od

el
le

ri
 

 Reynolds Gerilme Modeli 

(RSM) 

 

modelleme 

 denklemli modeller: 

- Standart k-  

- RNG k-  

- Realizable k-  

- Standart k-  

 Tek denklemli modeller: 

- Spalart - Allmaras 

olma 

seviyesi 

 cebirsel) 

modeller: 

- Prandtl K

U Modeli 

- T

Viskozitesi 

 

23.  (Andersson ve ark. 2012) 
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24. Tabatabaian 2015) 
 

 

 

-Stokes 

 

 

 25) (Olsson 2011). 

  
25.  Andersson ve 

ark. 2012) 

Enerji 
 

Enerji 
yitimi 

 

 Modellemeli 

 RANS (Modellemeli) 

Zaman 
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 2.5  

 

 2.5.  (Andersson ve ark. 2012, Anonim 
2020d) 
 

 Avantajlar  
 

 

- Uygun maliyetlidir. - 
tahmini zordur. 

- 
modeli olarak 

 

Tek denklemli modeller 
(Spalart  Allmaras gibi) 

- Uygun maliyetlidir. - 
cebirsel bir denklem 

 

 
(k- -  

- 
transport 

denklemleriyle tahmin 
tam 

modellerdir.  
- 

 
- 

ekonomik ve kolay 
uygulanabilirdir. 

- 
 

- 
izotropik kabul edilir. 

- Kayma gerilmelerinin 

ihmal edilir. 

Standart k-  - 

modeldir. 
- 

* 

- Dairesel jetler (round 
jets), y
girdaplar, ani 
ivmelenmeler, 

 

RNG k-  - Standart k-
modifiye 
halidir. 

 
 

- Realizable k-
faydalar sunar.* 

- Standart k-
kadar   

- 
 

- Realizable k-

muhtemeldir.* 

* Anonim 2020d 
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 2.5 Andersson ve ark. 2012, Anonim 
2020d) (devam) 
 

Realizable k-  - Standart k-

halidir. 
- 

 
- Dairesel jetleri de 

 
- Ani gerinme, vorteks, 

* 

- Standart k-
kadar   

k-  - 
 

- 
 

- 
 

makineler) 
verir. 

- 

elemanda y+<5 
  

- 

edebilir.* 

SST  
(Shear-Stress 
Transport) 

- 
-
-

 
- 

 
- k-

sunar.* 
- RANS 

tahmin eder.* 

- 

gerektirir. 
- 

gerin

tahmin eder. (Yine de 
-

iyidir.) 

* Anonim 2020d 
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 2.5 Andersson ve ark. 2012, Anonim 
2020d) (devam) 
 

Reynolds Gerilme 
Modeli (RSM) 

- 

 
- Anizotropiyi hesaba 

katar. 
- 

 

siklonlar vb.) iyi 
 

- 11 transport denklemi 
sebebiyle hesaplama 

 

LES - 
uygulanabilir. 

- 
edilemeyen bilgileri 
sunar. 

- Hesaplama maliyeti 
 

- 
 

DNS - 
kullanmaz. 

- 

 
- 

sa
 

- 

 
- 

 

 
Y

  modelde t) isimli 

ilave bir viskozite eklenir. k- Cederlund ve 

). 

 

k-  

kinetik enerjisi (k)   

viskozitesini belirler (Cavusoglu 2017). k-

(Andersson ve 

ark. 2012). 
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si ve  Denklem 

2.15 ve Denklem 2.16 a   

 

 (2.15) 

 (2.16) 

 
 
Bu 17 

18 

Denklem 2.19 a  

 

 (2.17) 

 (2.18) 

 (2.19) 

 

Standart k-  

sabitleri C =1,44, C =1,92, C k=1,0, 

.  

 

Ani gerinme, vorteks, g  

 standart k-  

realizable k-   . T kozitesi, t, 

 standart k-  modelindeki 

  transport 

 

C*  20  

 

 (2.20) 
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Buradaki terimlerin  2.6 aki gibidir. 

 

 2.6. Realizable k- viskozitesi ( terimleri 

 

 

  

  

 

  

  

 
  

 

 

Realizable k- 21  

 

 (2.21) 

 

Bu modeldeki sabitler;  

   

C2 k =1,2  (Soydan ve ark. 2018). 

 

k-

na 

  ( ). 

, 

Tabatabaian 2015). 
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Cederlund ve 

). Bu fonksiyonlar; 

Andersson ve ark. 2012). 

Tabatabaian 

2015). 

se 

). 

da duvar 

Andersson ve ark. 2012). 

 

alt tabaka), bunun 

tabaka bulunur. Ara tabakada 

  tam 

logaritmik tabaka (log- - viskoz ve ara 

tabaka  .  

 

 

 

26.  (Tabatabaian 2015) 

 

 

 

Log-tabaka 

Viskoz / laminer alt tabaka ve ara tabaka 

Duvar 
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 w viskoz 

 (Denklem 2.22): 

 

 (2.22) 

 

ve duvardan itibaren boyutsuz mesafe (Denklem 2.23): 

 (2.23) 

 

 y+  

24  

+B (2.24) 

 

 

Karman sabitidir.) ve B= 4,9 - 5,5 olarak verilir. Bu fonksiyonun logaritmik formundan 

- Tabatabaian 

2015). 

 
+  

 

- 0 < y+ < 5          viskoz (laminer) alt tabaka 

- 5 < y+ < 30        ara tabaka 

- 30 < y+  

 

y+ , ara tabakada  

r ( 27) (Andersson ve ark. 2012). 
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27.  (Anonim 2020b) 
 

 log-

tabakada  gerekmektedir. -

 y+ -  

y+ 

fonksiyon y+ y+ 

 (Andersson ve ark. 2012). 

 

 

s

kriterleri vb. belirlenir. - -

analiz edilir (Olsson 2011). 

viskoz alt tabaka 
(laminer alt tabaka) 

ara 
tabaka atalet etkisindeki 

alt tabaka 
(log-tabaka) 

yitim 

atalet 

integral 

bozulma 
tabaka  

tabaka) 

y+ 

u+ 
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2.1.6  

 

(verification)  

matematiksel bir faaliyet iken, r fiziksel faaliyettir. 

 

Bilgisayar S T  (Society for Computer Simulation  

kabul edilen, , 

 

 

28. Modelleme
(Oberkampf ve Trucano 2002) 
 

 ve 
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bilgisayar modeli de denebilir (Oberkampf ve Trucano 2002). 

 

; 

 

 

hesaplama kodun

 

 

Roache, kod 

, 

gerektirir (Oberkampf ve Trucano 2002).  

 

  

eleman 

 (Oberkampf ve Trucano 2002). 

 

GCI hesapla

hesapl Anonim 2019c). 

 

ptotik olarak 

Anonim 2019c). 
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. 

 

1. 

 

2. 

 

3.  (Denklem 2.25). 

 (2.25) 

 

Burada;  

f1 , 

f2 , 

f3  

temsil etmektedir. 

4.  fh=0

(Denklem 2.26)  

 (2.26) 

 

5. GCI1,2 ve GCI2,3  (Denklem 2.27). 

 (2.27) 

 

Burada Fs  s 

 s 

i, fii

 (Denklem 2.28). 

 (2.28) 
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6. asimptotik (Asimptotik 

, AYK kontrol edilir (Denklem 2.29).  

 (2.29) 

 

fh=0 

27

hesaplanabilecekken, 30 a 

hesaplanabilir (Anonim 2019c).  

 

 (2.30) 

 

 

 

. 

 

Bu strateji 

 ve 
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i -sistem, 

, tekil problem. 

 

29. Oberkampf ve Trucano 2002) 
 

Komple sistem deneylerinde veriler 

 -

r ve (Oberkampf ve Trucano 

2002). 
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D

denklemle (Denklem 2.31) bulunabilir. ; y(xi) her bir konum 

, Y(xi) Bu 

S=  

 

 (2.31) 

 

Z i) yerine 

(xi) (Denklem 2.32) 

  

 

 (2.32) 

 

 

 (Oberkampf ve Trucano 2002). 

 

2.1.7.  ve istatistiksel analiz  

 

gerektirir (Mistree ve ark. 1993). 

 

Deney  ve analizi

olan  
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 ekil 2.30 da  

 

 

 

 

 

 

 

 

 

 

 

Deney verilerinin istatistiksel analizi 

 

Matematiksel model uygun 

 

 

 
30.  

 

, elde edilen 

, 

  

  (Demir 2004). 

 

i

, varyans analizi (ANOVA) 

, ANOVA 

 . ANOVA, 

t midir 

9). 

E 

H 
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Klasik ya 

tirilir Bir-seferde-bir-

(one-factor-at-a- sistemin parametrelerinin 

o anda tirilen parametrenin sisteme etkisinin ara .  

 

  

 edilmektedir. A   . 

 

yemeyebilir. 

 

, minimum zaman ve maliyetle maksimum a

 

 

 

 

  olan Taguchi metodu ku abilir. 

 

  en az iki veya daha fazla parametre ve bu parametrelere ait 

en az iki veya daha fazla seviyen  seviyelerin 

kombinasyon ANOVA ve regresyon 

  

etkisi hesaplanabilir. ANOVA da bir 

 

 

 

, deney maliyeti artmakta ve deneyler 

arak kesirli 
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Taguchi y ; bir deney 

 Bu parametre seviyelerinin optimum 

kombinasyonunu saptamak   . 

 

P -

nde 

 Taguchi ortogonal dizileri minimum zaman ve kaynak kullanarak bu 

 (Mistree ve ark. 1993). Ortogonallik bir parametrenin 

(dengeleme) 

 . 

 

Taguchi i sayesinde deneyler  

   

 

  ve ark. 

2004). 

 

Taguchi deney t  G) 

 Taguchi varyasyonu azalta  hedefe 

G  

 

S/G  daha daha iyi , daha daha iyi , nominal en iyi  olarak 

kalite  hedef  

analiz edilir. Bu ifadeler Denklem 2.33-2.35 , Y 

,   ve  temsil 

etmektedir . 

Daha daha iyi  (2.33) 

Daha daha iyi  (2.34) 

Nominal   (2.35) 
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mede hangi S/G tipi G  daha iyi 

 durumlar G

veren seviye kombinasyonu  

 

Bir parametrenin 

laveten Taguchi metodunda, S/G

da be hesaplanabili  incelenerek, 

  

 p  

 

 

k ANOVA ile de  ne derecede 

olarak ortaya konulabilir. 

 

 olarak hem S/G  

hem de ANOVA - Regresyon yla sistemi optimum performansa 

kombinasyonu tespit edilebilir  ve ark. 2004). 

 Mistree ve 

ark. 1993). 

 

ANOVA ve regresyon analizi sonucunda elde edilen veril

 mevcuttur. 

 

Bu  p-

 null hypothesis) 

, p-  

verir (Montgomery ve Runger 2014). Fisher  maksimum kabul 

ni r ir ve bu . Bu 

ir test sonucunda bulunan p-

bir Anonim 2020c). 
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sel (YK) modeldeki her 

. odeldeki her bir 

aba ancak  

(Montgomery 2017). 36 da T 

 ve SSi  

 

 (2.36) 

 

Matematiksel bir model p-

modelin p- , 

dirir (Belazi ve ark. 2019). 

 
2

(SS) 2 

 (varyasyonun) o

R2 37 d SSR 

 ve SST 

(Montgomery ve Runger 2014). 

 (2.37) 

 

 
 

 

2.7 d , ise t 

 deneysel ise 

incelenen girdi/
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7.
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de
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7.
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7.
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Beigmoradi (2015) 

C-  , bagaj 

 Kuyruk 

, ; 

, t da, , incelenen 

 

 

Moussa ve ark. (2014) 

  

Taguchi optimizasyon 

. ANO

 

 

Witcher ve ark. (2017) Taguchi L9 dizisini kulla

 

 

Wang 

edilen optimum seviyeleriyle referans modelinki r. 

 

Zhang ve ark. (2016) HAD ve Taguchi metodunu birlikte kullanan bir optimizasyon 

 biyo-benzetimli bir mikro  
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3. MATERYAL ve  

 

 

 

kolu geometrisin  

 

la  

 

 

yna modellerinin  

, 

kolu geometrisinin incelenm , 

Taguchi ortogonal dizilerinden ; 

CD , nden ve varyans analizinden 

 

 

 

 

, 

Kato ve ark. (2007 )  , 

standart  
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geometrik 

 ; analizlerde kullan  

800 mm   

 

 
 eferans model ve hesaplama hacmi (Yu ve Liu 2011) 

 

 

-

-Implicit Method for Pressure-Linked Equations) 

 3.1 d  

 

 3.1.  

Parametre  

  
 30 m/s 

 0 kPa 
 Realizable k-  

Duvar modeli Scalable 
  

 10-4 

-y-z) 10-6 

k 10-5 

 10-5 
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  hesaplama   
5) 

 

  ile Yu ve Liu  ve Kato ve 

, 

 

 

D= 0,452 olarak tespit 

D

 

 

(Denklem 2.31 Kato v

 3.2 , 

 

 

-1,2

-0,8

-0,4

0

0,4

0,8

1,2

-0,06 -0,04 -0,02 0 0,02 0,04 0,06

p
)

Konum (m)

Test (Kato ve ark. 2007)

Test (Kato ve ark. 2007)
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 3.2. 
 

 

 
Y 

 Cp (Deneysel) 

(Kato ve ark. 2007) 

Cp  

( ) 

 

-0,049425347 -0,531546149 -0,736633539 
-0,047310698 -0,572054881 -0,830978632 
-0,043907078 -0,499577228 -0,656292021 
-0,035449711 -0,191934818 -0,139949664 
-0,025353291 0,305490758 0,363918543 
-0,013538449 0,79851107 0,820653081 
-0,000625983 0,939344133 0,976085484 
0,012782382 0,800209188 0,817755699 
0,024588611 0,380970881 0,367081761 
0,035111406 -0,164801842 -0,139384568 
0,042884604 -0,51655841 -0,533796012 
0,046917634 -0,58404015 -0,817608774 
0,04956756 -0,534191768 -0,563667893 

 

A
R

K
A

 

-0,046573616  -0,508781521 -0,29708913 
-0,031524351 -0,46264931 -0,278521806 
-0,018171359 -0,466303956 -0,243241429 
0,00071836 -0,483149781 -0,216675699 

0,021313581 -0,472788799 -0,250450969 
0,031805613 -0,476628022 -0,278925836 
0,044591951 -0,493867614 -0,296427488 

 

 
 0,82342 

S (Arka) 0,58155 
 0,73876 

 

 

 

D V = 20, 

-

 

 

 

in standart geometrik modeller ve temel 

-  
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. 
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. 
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. 
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6.
 M

od
el
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er
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, 800x800x1200 mm3 

 Analiz 

3.7

3.8). Buna 

 3.3 te 

verilen mesafele -

-

 ve  

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

3.7. An  
 

 

 3.3. 3  

  -x +x  -y +y  -z +z 

Ayna   50 100 50 50 50 50 

 

 
50 600 100 100 100 100 

 

 
300 100 250 250 250 250 

TOPLAM 400 800  400 400  400 400 

 

 
Orta 
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3.8. A kademeli  

 

3.4.  

 

, 

,  

 k-   

+ + 

en Scalable duvar fonksiyonu tercih 
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3.5.  

 

G  ve kriter olarak CD 

4- 3.7 9- 

3.12 d . Model 

4 1,2 = 0,038 

 

 

3.4.  

    CD 

3 1 461 387  0,44149277 
2 2 048 881 1,40 0,43448064 
1 2 858 411 1,40 0,4294271 

 
 GCI1,2 0,038 

GCI2,3 0,052 
AYK 0,98836878 
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3.9. (CD)  

 

5 1,2 

= -  

 

3.5.  

    CD 

3 1 345 482  0,38948083 
2 1 881 583 1,40 0,39084625 
1 2 632 998 1,40 0,3939301 

 
 GCI1,2 -0,018 

GCI2,3 -0,008 
AYK 1,007890187 

 

0,429
0,434

0,441

0,38
0,39
0,40
0,41
0,42
0,43
0,44
0,45
0,46
0,47
0,48

1.300.000 1.800.000 2.300.000 2.800.000

D
)
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3.10. (CD)  

 

6 1,2 

 

 

3.6.  

    CD 

3 1 599 178  0,47513155 
2 2 244 957 1,40 0,47125732 
1 3 131 895 1,40 0,46866897 

 

 
GCI1,2 0,014 
GCI2,3 0,021 

AYK 0,994507565 
 

0,3940,3910,389

0,35

0,36

0,37

0,38

0,39

0,40

0,41

0,42

0,43

0,44

0,45

1.250.000 1.450.000 1.650.000 1.850.000 2.050.000 2.250.000 2.450.000 2.650.000

(C
D
)
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3.11. (CD)  

 

7 1,2 

 

 

3.7.  

 
    CD 

3 1 563 460  0,534 
2 2 195 807 1,40 0,541 
1 3 073 461 1,40 0,545 

 
 GCI1,2 0,013 

GCI2,3 0,023 
AYK 1,007672296 

 

0,4690,471
0,475

0,42

0,43

0,44

0,45

0,46

0,47

0,48

0,49

0,50

0,51

0,52

1.400.000 1.900.000 2.400.000 2.900.000

(C
D
)
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3.12. (CD)  

 

3.6.  

 

 

 

  (V)

karakteristiklerine etkisi i iki 

 3.8 d  

 

 3.8. (V)  
 

   V (m/s) 

1 10 20 

2 10 30 

3 10 40 

4 0 20 

5 0 30 

6 0 40 

7 -10 20 

8 -10 30 

9 -10 40 

0,545
0,541

0,534

0,49

0,50

0,51

0,52

0,53

0,54

0,55

0,56

0,57

0,58

0,59

1.450.000 1.950.000 2.450.000 2.950.000

(C
D
)
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3.6.2.  

 

-

 

3 = 27 adet analiz yapmak gerekecektir. Ancak bu 

o analiz 

 3.9 da 

 

 

 3.9.  

 

  

  Uzunluk  

T1 1 1 1 

T2 1 2 2 

T3 1 3 3 

T4 2 1 2 

T5 2 2 3 

T6 2 3 1 

T7 3 1 3 

T8 3 2 1 

T9 3 3 2 

 

 

3.10 ve 3.11 d  
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3.10.  

  Uzunluk (mm)  
S

ev
iy

el
er

 1 1,5 47 31 

2 1 70 21 

3 2,25 105 47 

 

3.11.  

  ( ) Uzunluk (mm)  

Se
vi

ye
le

r 1 0,45 57 29 

2 0,68 85 44 

3 1 128 66 
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 4 binek ne V = 20,30 ve 40 

-

analizlerinde, V=30 m/s  

 

4.2. Model 1   
 

V = 20,  ve - -

 4.3 t

Ayna ar , benzer profiller 

-

ol  -

  

edilmektedir. 

 

4.1. (V)  
 

V 
(m/s) 

20 30 40 

  10 0 -10 10 0 -10 10 0 -10 
Maks 
(m/s) 

25,59 26,11 26,41 38,5 39,34 39,73 51,46 52,5 53,09 

Min 
(m/s) 

0 
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(a) 

(b) 
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4.1. 20 : 

(a) +1  (b)  (c) -1   
 

 

(c) 

(a) 
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4.2. 30 : 

(a) +1  (b)  (c) -1   
 

(b) 

(c) 
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(a) 

(b) 
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4.3. 40 : 

(a) +1  (b)  (c) -1   
 

 

V =  ve -

  

cisim-  bir vorteks 

Cisim-

 -    

(c) 
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(b) 

(a) 
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4. 20 

(a) +1  (b)  (c) -1   
 

 

(c) 

(a) 
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5. 30 

(a) +1  (b)  (c) -1   
 

(c) 

(b) 
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(b) 

(a) 
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6. 40 

(a) +1  (b)  (c) -1   
 
V =  ve -

7  4.9 a 

 

 

nda ise  ve vortekslerin  

  minimum in  

. -

sahip ayna   

 

 
4.2. 

maksimum ve minimum  
 

V 
(m/s) 20 30 40 

  10 0 -10 10 0 -10 10 0 -10 
Maks 
(Pa) 224,36 245,3 254,47 503,36 551,4 571,23 893,71 977,4 1014 
Min 
(Pa) -163 -180,5 -191,95 -336,48 -406,6 -431,84 -652,75 -724,22 -769,9 

(c) 
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(b) 

(a) 



90 
 

 
7. 20 

: (a) +1  (b)  (c) -1   
 

 

(c) 

(a) 



91 
 

 
8. 30 

: (a) +1  (b)  (c) -1   
 

(c) 

(b) 
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(b) 

(a) 
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9. 40 

: (a) +1  (b)  (c) -1   
 

V =  ve -

kil 4.10  4.12 e 

. 

 

, 

, 

-

, 

 

 

 

(c) 
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-

 

 

4.3. 
  

 
V 

(m/s) 
20 30 40 

  10 0 -10 10 0 -10 10 0 -10 
Maks 
(Pa) 

257,11 255,99 259,24 577,33 582,76 582,1 1024,97 1020,64 1033,54 

Min 
(Pa) 

-392,51 -392,82 -383,98 -887,74 -893,94 -851,01 -1601,94 -1585,35 -1529,34 

 

 

 

(a) 
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4.10. (a) +1  (b) 

 (c) -1   
 

 

(c) 

(b) 
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(a) 

(b) 
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4.11. (a) +1  (b) 

 (c) -1   
 

 

(c) 

(a) 
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4.12. (a) +1  (b) 

 (c) -1   
 

V =  ve -

13  4.15 te 

 

(c) 

(b) 
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4.4. inde maksimum ve 
minimum   
 

V 
(m/s) 

20 30 40 

  10 0 -10 10 0 -10 10 0 -10 
Maks 

( ) 
1,05 1,05 1,06 1,05 1,06 1,06 1,05 1,04 1,05 

Min 
( ) 

-1,6 -1,60 -1,57 -1,62 -1,62 -1,54 -1,64 -1,62 -1,56 

 

 

 
4.13.  ve arka : (a) 

+1  (b)  (c) -1   
 

(c) 

(b) 

(a) 
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4.14. 3  ve arka : (a) 

+1  (b)  (c) -1   
 
 
 
 
 
 
 
 

(c) 

(a) 

(b) 
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4.15. 4  ve arka : (a) 

+1  (b)  (c) -1   
 

 

- -ekseni 

boyunca  da 

P  -10

maksimum CP P 

Maksimum CP 

 P P 

17- 4.19 dan da takip edilebilir. 

(c) 

(a) 

(b) 



102 
 

 

 

Y 



103 
 

 

16. A -
: (a) 20 m/s, (b) 30 m/s, (c) 

 
 

(a) 

CD = 0,396 



104 
 

 
4.17. 2

: (a) +1  (b)  (c) -1   
 

(c) 

(b) 

CD = 0,430 

CD = 0,444 



105 
 

(a) 

(b) 

CD = 0,429 

CD = 0,396 
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4.18. 3

: (a) +1  (b)  (c) -1   
 

 

(c) 

(a) 

CD = 0,444 

CD = 0,395 
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4.19. 4

: (a) +1  (b)  (c) -1   
 

 

 

 

 

 

(c) 

(b) 

CD = 0,430 

CD = 0,444 



108 
 

V =  ve -

kinetik enerjis 20-4.22 

4.5 t

kinetik enerjisi si 

vorteksler  ve 

- e 

D -

si

-

 

 

4.5. 
 

 

(m/s) 
20 30 40 

  10 0 -10 10 0 -10 10 0 -10 
Maks 
(m2/s2) 

29,32 30,26 30,9 67,42 68,7 70,41 120,03 124,13 125,6 

Min 
(m2/s2) 

0,0048 0,0049 0,0047 0,0051 0,0053 0,005 0,0051 0,0052 0,0049 
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(a) 

(b) 

CD = 0,396 

CD = 0,430 
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20. 

kinetik enerjisi : (a) +1  (b)  (c) -1   
 

(c) 

(a) 

CD = 0,444 

CD = 0,396 
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21. 3

kinetik enerjisi : (a) +1  (b)  (c) -1   
 

 

(c) 

(b) 

CD = 0,444 

CD = 0,429 
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(a) 

(b) 

CD = 0,430 

CD = 0,395 
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22. 4

kinetik enerjisi : (a) +1  (b)  (c) -1   
 

 
4.3. Model 2   
 

V =  ve -

23  4.25 t  

4.6 a  

 

-

n daha erken 

 

(c) 

CD = 0,444 
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4.6. 
maksimum   

 

(m/s) 
20 30 40 

  10 0 -10 10 0 -10 10 0 -10 
Maks 
(m/s) 

29,43 29,23 32,03 44,36 43,94 47,99 59,35 58,68 63,88 

Min 
(m/s) 

0 

 

(a) 

(b) 
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4.23. 

: (a) +1  (b)  (c) -1   
 

 
 
 

(c) 

(a) 
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4.24. 3

: (a) +1  (b)  (c) -1   
 

 

(c) 

(b) 
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(a) 

(b) 



118 
 

 
4.25. 4

: (a) +1  (b)  (c) -1   
 

 

V =  ve -

26  4.28 e 

birbiriyle 

bir vorteks  

 vorteksler neredeyse simetriktir ve safede 

ir. 

 

 

(c) 
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(a) 

(b) 



120 
 

 
26. 

(a) +1  (b)  (c) -1   
 

 

(c) 

(a) 
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27. 

(a) +1  (b)  (c) -1   
 

 

(c) 

(b) 



122 
 

(a) 

(b) 



123 
 

 
28. 

(a) +1  (b)  (c) -1   
 

V =  ve -

29  4.31 e 

 4.7 d Maksimum 

u ( ) 

ndaki vorteksli 

lar 

 

 

4.7. ayna orta 
 maksimum ve minimum   

 
V 

(m/s) 
20 30 40 

  10 0 -10 10 0 -10 10 0 -10 
Maks 
(Pa) 

255,35 255,77 250,5 573,18 574,13 562,45 1017,18 1019,19 998,86 

Min 
(Pa) 

-447,56 -462,44 -589,84 -1016,64 -1041,58 -1313,09 -1822,99 -1857,71 -2315,54 

(c) 
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(a) 

(b) 
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29. 

: (a) +1  (b)  (c) -1   
 

 

(c) 

(a) 



126 
 

 
30. 3

: (a) +1  (b)  (c) -1   
 

(c) 

(b) 
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(a) 

(b) 



128 
 

 
31. 4

: (a) +1  (b)  (c) -1   
 

V =  ve -

32  4.34 te  

4.8 d  

-

,  

 

4.8. 
 

 
V 

(m/s) 
20 30 40 

  10 0 -10 10 0 -10 10 0 -10 
Maks 
(Pa) 

256,25 256,71 256,14 575,16 576,9 575,18 1021,05 1024,76 1021,43 

Min 
(Pa) 

-539,92 -632,13 -638,72 -1195,97 -1391,8 -1415,62 -2118,73 -2423,06 -2488,77 

(c) 
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(a) 

(b) 



130 
 

 
4.32. (a) +1  (b) 

 (c) -1   
 

 

(c) 

(a) 
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4.33. (a) +1  (b) 

 (c) -1   
 

 

(c) 

(b) 
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(a) 

(b) 



133 
 

 
4.34. (a) +1  (b) 

 (c) -1   
 

V =  ve -

35  4.37 e 

4.9 da . 

 

 

4.9. 
 

 
V 

(m/s) 20 30 40 
  10 0 -10 10 0 -10 10 0 -10 

Maks 
( ) 1,05 1,05 1,05 1,04 1,05 1,04 1,04 1,05 1,04 

Min 
( ) -2,2 -2,58 -2,61 -2,17 -2,53 -2,58 -2,17 -2,47 -2,55 

 

 

(c) 
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ekil 4.35. 2  ve arka : (a) 

+1  (b)  (c) -1   
 

 

 

 

 

(c) 

(a) 

(b) 
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ekil 4.36. 3  ve arka : (a) 

+1  (b)  (c) -1   
 

 

(c) 

(a) 

(b) 

(a) 
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ekil 4.37. 4  ve arka : (a) 

+1  (b)  (c) -1   
 

- -ekseni 

38 e 

P 

-

P P  Bu 

si

 CP  

adet maksimum CP    

ndad CP 

arka -

P P 39-

4.41 den de takip edilebilir. 

 

(c) 

(b) 
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Y 



138 
 

 
38. A -

: (a) 20 m/s, (b) 30 m/s, (c) 
 

 
39-4.41 de -

 

(a) 

CD = 0,387 
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4.39. 2

: (a) +1  (b)  (c) -1   
 

 

(b) 

(c) 

CD = 0,392 

CD = 0,391 
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(a) 

(b) 

CD = 0,386 

CD = 0,394 
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4.40. 3

: (a) +1  (b)  (c) -1   
 

 

(c) 

(a) 

CD = 0,392 

CD = 0,387 
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4.41. 4

: (a) +1  (b)  (c) -1   
 

V =  ve -

kinetik enerjisi 42-4.44 

4.10 da   de 

si 

(c) 

(b) 

CD = 0,395 

CD = 0,395 
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 s  nispeten  ama  

mevcuttur. -  ise nispeten   

iki  

a denk bir etki ortaya 

si , , 

G

ve -  .  

 
4.10. 

maksimum ve minimum si i 
 

V 
 (m/s) 

20 30 40 

  10 0 -10 10 0 -10 10 0 -10 
Maks 
(m2/s2) 

32,97 32,31 34,06 75,36 75,36 77,09 134,53 137,77 137 

Min 
(m2/s2) 

0,0048 0,0049 0,0048 0,0051 0,0053 0,0052 0,005 0,0054 0,0051 

 

 

(a) 

CD = 0,387 
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42. 

kinetik enerjisi : (a) +1  (b)  (c) -1   
 

 

(c) 

(b) 

CD = 0,392 

CD = 0,391 



145 
 

(a) 

(b) 

CD = 0,386 

CD = 0,394 
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43. 3

kinetik enerjisi : (a) +1  (b)  (c) -1   
 

 

 

(c) 

(a) 

CD = 0,392 

CD = 0,387 
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44. 4

kinetik enerjisi : (a) +1  (b)  (c) -1   
 

 

4.4. Model 3   
 

V =  ve -

45  4.47

(c) 

(b) 

CD = 0,395 

CD = 0,395 
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4.11 . 

  da 

kenar  

  -

, . Cisim-

- . 

 

4.11. 
maksimum   

 
V 

(m/s) 
20 30 40 

  10 0 -10 10 0 -10 10 0 -10 
Maks 
(m/s) 

29,6 30,68 31,22 45,11 46,74 47,55 60,93 63,11 64,14 

Min 
(m/s) 

0 

 

(a) 
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4.45. 2

: (a) +1  (b)  (c) -1   
 

 

(c) 

(b) 
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(a) 

(b) 
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4.46. 3

: (a) +1  (b)  (c) -1   
 

 

(c) 

(a) 
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4.47. 4

: (a) +1  (b)  (c) -1   
 

V =  ve -

48  4.50 e 

 cisim- sinde -sapma . Bunun 

dengeleyecek -

otomobillerin  da  

(c) 

(b) 
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Cisim- -1

- - vorteks 

  

 

(a) 

(b) 
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48. 

(a) +1  (b)  (c) -1   
 

 

(c) 

(a) 
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49. 

(a) +1  (b)  (c) -1   
 

(c) 

(b) 
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(a) 

(b) 



157 
 

 
50. 

(a) +1  (b)  (c) -1   
 

V =  ve -

51  4.53 te 

 

4.12 Maksimum 

;  ( ) ayna  de 

 vorteks 

 

in  

 

4.12. 
maksimum ve minimum  

 

V 
(m/s) 

20 30 40 

  10 0 -10 10 0 -10 10 0 -10 
Maks 
(Pa) 

227,09 249,3 259,73 509,88 559,27 584,36 904,78 994,46 1038,13 

Min 
(Pa) 

-352,36 -397,21 -418,46 -794,03 -899,03 -948,85 -1425,3 1608,26 -1698,7 

(c) 
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(a) 

(b) 



159 
 

 
51. 2

: (a) +1  (b)  (c) -1   
 

 

(c) 

(a) 
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52. 3

: (a) +1  (b)  (c) -1   
 

 

(c) 

(b) 



161 
 

(a) 

(b) 



162 
 

 
53. 4

: (a) +1  (b)  (c) -1   
 

 

V =  ve -

54  4.56 r. 

ayna 4.13

, , 

 

 , 

ise i ve ayna 

-

, , 

   

 

-  maksimum 

g r. 

 

(c) 
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4.13. 
  

 
V 

(m/s) 
20 m/s 30 m/s 40 m/s 

  10 0 -10 10 0 -10 10 0 -10 
Maks 
(Pa) 

257 258,55 259,85 578,42 581,55 586,03 1027,46 1033,81 1039,19 

Min 
(Pa) 

-457,13 -484,02 -489,73 -1047,5 -1121,5 -1129,1 -1903,5 -2029,4 -2045,5 

 

 

(a) 

(b) 
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4.54. (a) +1  (b) 

 (c) -1   
 

 

(c) 

(a) 
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4.55. (a) +1  (b) 

 (c) -1   

(c) 

(b) 
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(a) 

(b) 



167 
 

 
4.56. (a) +1  (b) 

 (c) -1   
 

V =  ve -

57  4.59

4.14

r. Ayna ark nde 

mektedir. -

  

daha . 

 
4.14. inde maksimum ve 

minimum   
 

V 
(m/s) 

20 30 40 

  10 0 -10 10 0 -10 10 0 -10 
Maks 

( ) 
1,05 1,06 1,06 1,05 1,06 1,06 1,05 1,05 1,06 

Min 
( ) 

-1,87 -1,98 -2 -1,09 -2,03 -2,05 -1,94 -2,07 -2,09 

 

(c) 
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4.57. 2  ve arka : (a) 

+1  (b)  (c) -1   
 
 
 
 
 
 
 
 

(c) 

(a) 

(b) 
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4.58. 3  ve arka : (a) 

+1  (b)  (c) -1   
 

 

 

 

 

 

 

 

 

 

(c) 

(a) 

(b) 
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4.59. 4  ve arka : (a) 

+1  (b)  (c) -1   
 

- -ekseni 

60 ta 

P P 

 -0,04 m, alt 

 

 

 

(c) 

(a) 

(b) 
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Y 

a 

b 

a 

b 



172 
 

 

60. A -
: (a) 20 m/s, (b) 30 m/s, (c) 

 
 

52) 

- maksimum CP 

, minimum CP  P 

P 61-4.63  

 



173 
 

(a) 

(b) 

CD = 0,467 

CD = 0,442 
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4.61. 20 

: (a) +1  (b)  (c) -1   
 

 

(c) 

(a) 

CD = 0,488 

CD = 0,443 
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4.62. 30 

: (a) +1  (b)  (c) -1   
 

 

 

(c) 

(b) 

CD = 0,469 

CD = 0,488 
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(b) 

(a) 

CD = 0,440 

CD = 0,468 
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4.63. 40 

: (a) +1  (b)  (c) -1   
 

 

V =  ve -

64  4.66 

4.15  

Sapma si 

grafiklerde m sinin mevcuttur. Vorteks 

(bkz. 52) b  nda ve 

da . Ancak -

 

 

 , maksimum 

ise - . 

 

 

 

(c) 

CD = 0,487 
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4.15. 
maksimum ve minimum enerjisi i 

 
V 

(m/s) 
20 30 40 

  10 0 -10 10 0 -10 10 0 -10 
Maks 
(m2/s2) 

57,86 53,38 53,96 130,18 121,2 121,17 232,8 217,5 215,16 

Min 
(m2/s2) 

0,0045 0,0045 0,0048 0,0048 0,0048 0,005 0,0049 0,0047 0,005 

 

(a) 

(b) 

CD = 0,467 

CD = 0,442 
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64. 

kinetik enerjisi : (a) +1  (b)  (c) -1   
 

 

(c) 

(a) 

CD = 0,488 

CD = 0,443 
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65. 3

kinetik enerjisi : (a) +1  (b)  (c) -1   
 

(c) 

(b) 

CD = 0,488 

CD = 0,469 



181 
 

(a) 

(b) 

CD = 0,440 

CD = 0,468 



182 
 

 
66. 4

kinetik enerjisi : (a) +1  (b)  (c) -1   
 

 
4.5. Model 4   
 

V =  ve -

 67  4.69 a  

4.16 a . 

lar ,  ise  

 r.   

 vorte -  daha 

 

 

 yerine  

70  4.72  g . B

ise 4.17 d  

 

 

 

(c) 

CD = 0,487 
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4.16. 
maksimum   

 

(m/s) 
20 30 40 

  10 0 -10 10 0 -10 10 0 -10 
Maks 
(m/s) 

28,75 28,71 29,64 43,63 44,29 45,33 58,61 59,51 60,78 

Min 
(m/s) 

0 

 

4.17.  
maksimum   

 

(m/s) 
20 30 40 

  10 0 -10 10 0 -10 10 0 -10 
Maks 
(m/s) 

31,21 30,67 30,42 47,2 47,5 46,78 63,48 63,62 62,94 

Min 
(m/s) 

0 

 

(a) 
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4.67. 2

: (a) +1  (b)  (c) -1   
 

 

(c) 

(b) 
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(a) 

(b) 
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4.68. 20  kol : 

(a) +1  (b)  (c) -1   
 
 
 
 

(c) 

(a) 
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4.69. 30 

: (a) +1  (b)  (c) -1   
 

(c) 

(b) 
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(a) 

(b) 
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4.70. 3  kol : 

(a) +1  (b)  (c) -1   
 

(c) 

(a) 
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4.71. 40 

: (a) +1  (b)  (c) -1   
 

 

(c) 

(b) 
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(a) 

(b) 



192 
 

 
4.72. 4  kol : 

(a) +1  (b)  (c) -1   
 

V =  ve -

  

4.73  4.75  4.77 de  

ortada 10  

 - giderek daha  

. A yna ark giderek 

 . -  si 

 

 

 yerine 

gileri 4.74 - 4.76  4.78  g . 

 

 

(c) 
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(a) 

(b) 



194 
 

 
73. 20 

(a) +1  (b)  (c) -1   
 

 

(c) 

(a) 
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74. 20 
(a) +1  (b)  (c) -1   

 

 

(c) 

(b) 



196 
 

(a) 

(b) 



197 
 

 
75. 30 

(a) +1  (b)  (c) -1   
 

(c) 

(a) 



198 
 

 
76. 30 
(a) +1  (b)  (c) -1   

 

 

(b) 

(c) 
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(b) 

(a) 
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77. 40 

(a) +1  (b)  (c) -1   
 

 

(c) 

(a) 
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78. 40 
(a) +1  (b)  (c) -1   

 

V =  ve -

ve 

79  4.84 te   

4.18

(c) 

(b) 
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-  

 

4.18.  
maksimum ve minimum  

 
V 

(m/s) 
20 30 40 

  10 0 -10 10 0 -10 10 0 -10 
Maks 
(Pa) 

115,63 155,82 190,97 259,41 352,7 410,14 459,78 625,66 767,02 

Min 
(Pa) 

-315,05 -321,34 -379,98 -723,15 -772,46 -872,81 -1295,9 -1388 -1568,3 

 

(a) 
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79. 20 

: (a) +1  (b)  (c) -1   
 

 

(c) 

(b) 
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(b) 

(a) 
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80. 2 a kol : 

(a) +1  (b)  (c) -1   
 

 

(c) 

(a) 
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81. 30 

: (a) +1  (b)  (c) -1   
 

 

(c) 

(b) 
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(a) 

(b) 



208 
 

 
82. 3 a kol : 

(a) +1  (b)  (c) -1   
 

 

(c) 

(a) 
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83. 40 

: (a) +1  (b)  (c) -1   
 

 

(c) 

(b) 
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(a) 

(b) 
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84. 4 a kol : 

(a) +1  (b)  (c) -1   
 

 

V =  ve -

85  4.87 e r. 

4.19 da 

 

, 

, 

  

nin ede ve 

, le beraber 

kenarda 

  

E -

 

 

(c) 
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4.19. 
 

 
V 

(m/s) 
20 30 40 

  10 0 -10 10 0 -10 10 0 -10 
Maks 
(Pa) 

257,11 261,62 256,93 589,04 595,03 575,02 1063,44 1056,07 1024,06 

Min 
(Pa) 

-621,46 -838,99 -1132 -1146,1 -1980,6 -2542,2 -2263,9 -3557 -4526,8 

 
 

(a) 

(b) 
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4.85. (a) +1  (b) 

 (c) -1   
 

 

(c) 

(a) 



214 
 

 
4.86. (a) +1  (b) 

 (c) -1   
 

 

(c) 

(b) 



215 
 

(a) 

(b) 



216 
 

 
4.87. 40 (a) +1  (b) 

 (c) -1   
 

V =  ve -

88  4.90

4.20 d

  

 

Ancak  

 

 

4.20. 
 

 
V 

(m/s) 
20 30 40 

  10 0 -10 10 0 -10 10 0 -10 
Maks 

( ) 
1,05 1,08 1,05 1,09 1,1 1,04 1,11 1,12 1,04 

Min 
( ) 

2,54 -3,42 -4,63 -2,06 -3,61 -4,63 -2,3 -3,65 -4,64 

 

(c) 
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4.88. 2  ve arka : (a) 

+1  (b)  (c) -1   
 
 
 
 
 
 
 

(a) 

(c) 

(b) 
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4.89. 3  ve arka : (a) 

+1  (b)  (c) -1   
 

 

 

 

(a) 

(c) 

(b) 
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4.90. 4  ve arka : (a) 

+1  (b)  (c) -1   
 
 

 

 

 

 

 

 

 

(a) 

(c) 

(b) 
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- -ekseni 

91 e 

P  , ayna arka 

CP .  

 

- CP 

seyretmekte, CP edir. 

 

in  vortekslerdir. 

-   vortekslerin 

92) fark edilmektedir. 

 

 

Y 

a 

a 

(a) 
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91. A -
: (a) 20 m/s, (b) 30 m/s, (c) 

 
 

(b) 

(c) 
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92. 30 m/s  yan   
: (a) -1  (b) +1   

 

Maksimum CP 

ras  

 

(a) 

(b) 
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79) 

- maksimum CP 

P   P 

P 93-4.98 den de takip edilebilir. 

 

  -

 iki

.  

 

(a) 

CD = 0,450 
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4.93. 2

: (a) +1  (b)  (c) -1   
 

 

(c) 

(b) 

CD = 0,304 

CD = 0,508 
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(a) 

(b) 

CD = 0,508 

CD = 0,450 
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4.94. 2 ayna kol 

: (a) +1  (b)  (c) -1   
 

 

(c) 

(a) 

CD = 0,304 

CD = 0,454 
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4.95. 3

: (a) +1  (b)  (c) -1   
 

 

(c) 

(b) 

CD = 0,327 

CD = 0,545 



228 
 

(a) 

(b) 

CD = 0,545 

CD = 0,454 
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4.96. 3 ayna kol 

: (a) +1  (b)  (c) -1   
 

 

(c) 

(a) 

CD = 0,455 

CD = 0,327 
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4.97. 4

: (a) +1  (b)  (c) -1   
 

 

(b) 

(c) 

CD = 0,343 

CD = 0,543 
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(a) 

(b) 

CD = 0,543 

CD = 0,455 
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4.98. 4 ayna kol 

: (a) +1  (b)  (c) -1   
 

V =  ve -  

e 99  

4.104   de 

 4.21 d

etik enerjisi apma 

enerjisi  

 

  a 

enerjisi 

.  -

bir alanda   ve 

 

 

 

enerjisinin 

-  

 

(c) 

CD = 0,343 
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4.21. 
maksimum ve minimum enerjisi i 

 
V 

(m/s) 
20 30 40 

  10 0 -10 10 0 -10 10 0 -10 
Maks 
(m2/s2) 

27,75 27,75 32,69 70,03 64,02 84,68 125,63 110,14 171,44 

Min 
(m2/s2) 

0,0039 0,004 0,004 0,0042 0,0043 0,0043 0,004 0,0043 0,0042 

 

(a) 

(b) 

CD = 0,508 

CD = 0,450 
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99. 2

kinetik enerjisi : (a) +1  (b)  (c) -1   
 

 

(c) 

(a) 

CD = 0,304 

CD = 0,450 
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100. 2  kol 

enerjisi : (a) +1  (b)  (c) -1   
 

(c) 

(b) 

CD = 0,304 

CD = 0,508 
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(a) 

(b) 

CD = 0,454 

CD = 0,545 
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101. 3

kinetik enerjisi : (a) +1  (b)  (c) -1   
 

 

(c) 

(a) 

CD = 0,454 

CD = 0,327 
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102. 3  kol 

enerjisi : (a) +1  (b)  (c) -1   
 

 

(c) 

(b) 

CD = 0,327 

CD = 0,545 
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(a) 

(b) 

CD = 0,543 

CD = 0,455 
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103. 4

kinetik enerjisi : (a) +1  (b)  (c) -1   
 

 

(c) 

(a) 

CD = 0,343 

CD = 0,455 
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104. 4  kol 

enerjisi : (a) +1  (b)  (c) -1   
 

 
4.6. Ayna Geometrik Modellerinin  
 

kombinasyonuyla elde edilen CD ve CL 22 23

 

(c) 

(b) 

CD = 0,543 

CD = 0,343 
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Girdi ( D , 

105  

 

  

  

 
105. 

(a) Model 1, (b) Model 2, (c) 
Model 3, (d) Model 4 
 

2 24 R2

 

 

CD 

 

 
(m/s) 

0,40 

0,42 

0,44 

20 

30 

40 
-10 

0 
10 

CD 

 

 
(m/s) 

0,385 

0,390 

0,395 

20 

30 

40 
-10 

0 
10 

CD 

 

 
(m/s) 

0,450 

0,480 

0,495 

20 

30 

40 -10 

0 
10 

0,465 

CD 

 

 
(m/s) 

0,3 

0,4 

0,5 

20 

30 

40 
-10 

0 
10 

(a) (b) 

(c) (d) 
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elge 4.24. 2  
 

Ayna 
Modeli 

Matematiksel Modele ait R2  

1. Dereceden Model 2. Dereceden Model 

Model 1 %94,74* %99,97 

Model 2 %62,17 %94,67* 

Model 3 %99,10* %99,90 

Model 4 %38,23 %99,29* 
* Tercih edilen matematiksel model 

 

ilgili terimlerin CD 

25  

 

D 

D Model 

D 

daha etkilidir. 

 

25. terimler  
 

Ayna 
Modeli 

Matematiksel Model 
Derecesi 

 
Terimler 

% 
 

Model 1 1. derece  95 

Model 2 2. derece 
 54 

2 32 

Model 3 1. derece  96 

Model 4 2. derece 
 37 

2 61 

 

Model 2 ve Model 4 D 

negatif 

vortekslerin etkili olmama  
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Bun   ( 107) 

3B  

. Grafikler, her 

bir ayna modeli .  

 
Model 

107 107

dir umdur. 

Sonu iki D  

 

107 107c) ve CD

 

 

sahip cisim- 106a da 

bir yol kat 

ederek ca  ve araca 

 Bu vortekslerin, arka 

P  106b den takip edilebilir. 

 

 

   

 
 

106. : (a) A
r, (b) P 

 

YANDAN (b) 

Cp - Y -  
(Model 4 - 30 m/s) 

 

(a) 



24
6 

 

 
 

-
 

 
 

Model 1 

 
 

 

Model 2 

 
 

   

(a
) 

(b
) 



24
7 

 

 
 

 
-

 
 

 

Model 3 

 
 

Model 4 

 
 

 
10

7.
 

(a
) 

M
od

el
 1

, (
b

) 
M

od
el

 2
, (

c)
 M

od
el

 3
, (

d
) 

M
od

el
 4

 

(c
) 

(d
) 
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-

  108-4.111 de 

Ayna modellerinin cisim-   

 
  108) , belirgin 

-sapma  -  

Buna  . 

 

 
 

108. -  (V=30 m/s,  
 

 Model 2  109) 

107 d  

- alt 

 

 
 

109. Model 2 -  (V=30 m/s,  
 

CD = 0,429 

CD = 0,394 



249 
 

 110) enlemesine vorteks alttaki vorteks daha 

 107), alttaki 

 

  

 

 

 
 

110. Model 3 - ,  
 

 Model 4 111) 

 Ancak 

106 a 

 

 orta  

 
 

111. Model 4 - ,  
 

CD = 0,469 

CD = 0,545 
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4.7. Model 1  Geometrisi Etkisi 
 

analizlerde V=30 

. 

4.26 da  Minimum CD 

Verilen CD  

 

4.26. eney  
 

Analiz 
No 

Boyut 
 

( ) 
Uzunluk 

(mm) (mm) 
CD 

( ) 

S/G 
 

( ) 

T1 1,5 47 31 0,420 7,53501 

T2 1,5 70 21 0,389 8,20101 

T3 1,5 105 47 0,408 7,78680 

T4 1 47 21 0,410 7,74432 

  T5* 1 70 47 0,429 7,35085 

T6 1 105 31 0,416 7,61813 

T7 2,25 47 47 0,426 7,41181 

T8 2,25 70 31 0,402 7,91548 

T9 2,25 105 21 0,359 8,89811 
* Referans geometri 
 

T5 geometrisi , 

, T9 geometrisi sahip 

 

 

112 ve 4.113 te yer alan ortalama CD 

, D 

ise CD 

D 
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4.112. rtalama CD  
 

 
 

4.113. ortalama S/G ne ait ana etki grafi i 
 

4.27 e matematiksel 

%  - D 

n 2 8 matematiksel modelin, bu 3 

CD   

ne 4,28 ile 

 

(mm) (mm) ( ) 

( ) (mm) (mm) 

C
D
 (

or
ta

la
m

a)
 

S
/G

 (
or

ta
la

m
a)
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4.27. CD  
 

 
Serbestlik 
Derecesi 

Kareler 
 

Kareler 
 F p  

Regresyon 3 0,003289 0,001096 11,73 0,011  

Boyut 
 

1 0,000749 0,000749 8,01 0,037 19,94 

Uzunluk 1 0,000877   0,000877 9,39 0,028 23,35 

 1 0,001663   0,001663 17,79 0,008 44,28 

Hata 5 0,000467   0,000093   12,43 

Toplam 8 0,003756     

Matematiksel Modelin  

 S R2 R2   

0,0096681 %87,56 %80,09 

 

N analiz

cisim- nda 

 Analiz  

 

 
114

eri  kolun 

ise 114 (T5 

geometrisine)  

geometriye  vortekslerin  

olan T5 geometrisinde 

olan T9 geometrisinde  

 



253 
 

 
114. K eri: (a) En y

 olan T5 geometrisi, (b) En d
sahip olan T9 geometrisi 
 
 

115

114a) ayna kolu 

  

 

 

(b) 

(a) 
BO=1, U=70, Y=47 

BO=2,25, U=105, Y=21 

T5 

T9 

CD = 0,359 

CD = 0,429 
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115. K : (a) En 

olan T5 geometrisi, (b) 
olan T9 geometrisi 

 

116 a  

daha   

(b) 

(a) 

CD = 0,359 

CD = 0,429 

BO=1, U=70, Y=47 

BO=2,25, U=105, Y=21 

T5 

T9 
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116. K : (a) En 

olan T5 geometrisi, (b) 
T9 geometrisi 

 
117 de 

T5 modelinin , 

T9 modelinin 

(b) 

(a) 

CD = 0,359 

CD = 0,429 

BO=1, U=70, Y=47 

BO=2,25, U=105, Y=21 

T5 

T9 
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117. K

(a) olan T5 geometrisi, (b) 
olan T9 geometrisi 

 

118 de kolun si 

K  alanda 

maksimum si 50,67 m2/s2 n 

38,86 m2/s2 

. 

(a) 

(b) 

 =  0,0393

=  0,0459 

BO=1, U=70, Y=47 

BO=2,25, U=105, Y=21 

T5 

T9 
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118. K si 

(a)  olan T5 geometrisi, (b) 
olan T9 geometrisi 

 
119 da geometrik modellere ait cisim-

 

-

a  

edilmektedir. 

 

(a) 

(b) 

CD = 0,359 

CD = 0,429 

BO=1, U=70, Y=47 

BO=2,25, U=105, Y=21 

T5 

T9 



258 
 

 
119. Cisim-

(a)  olan T5 geometrisi, (b) 
olan T9 geometrisi 

 
 
 
 
 
 
 
 
 

(a) 

CD = 0,359 

CD = 0,429 

(b) 

BO=1, U=70, Y=47 

BO=2,25, U=105, Y=21 

T5 

T9 
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4.8. Model 2  Geometrisi Etkisi 
 

analizlerde V=30 

Model 2 

4.28  Minimum CD 

 Verilen CD  

 
4.28. eney  

 

Analiz 
No 

Boyut 
 

( ) 
Uzunluk 

(mm) (mm) 
CD 

( ) 

S/G 
 

( ) 

T1 0,45 57 29 0,318 9,9515 

  T2* 0,45 85 44 0,394 8,0901 

T3 0,45 128 66 0,483 6,3211 

T4 0,68 85 29 0,324 9,7891 

 T5 0,68 128 44 0,378 8,4502 

T6 0,68 57 66 0,360 8,8739 

T7 1 128 29 0,308 10,2290 

T8 1 57 44 0,255 11,8692 

T9 1 85 66 0,285 10,9031 
* Referans geometri 

 

T3 geometrisi 

, T8 geometrisi 

sahip ol . 

 

120 ve 4.121 D 

D 

ise CD 

D 

 

 

4.29 a matematiksel 

- D 
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irleme 
2 6 matematiksel modelin, bu 3 

D 

 

 

 

120. rtalama CD ne ait  

 

 

121. i 
 

 

C
D
 (

or
ta

la
m

a)
 

( ) 

( ) 

(mm) (mm) 

(mm) (mm) 

S
/G

 (
or

ta
la

m
a)
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4.29. CD  
 

 
Serbestlik 
Derecesi 

Kareler 
 

Kareler 
 F p 

% 
 

Regresyon 3 0,035386 0,011795 36,59 0,001  

 1 0,020400 0,020400 63,28 0,001 55,14 

Uzunluk 1 0,009678 0,009678 30,02 0,003 26,16 

 1 0,005308 0,005308 16,46 0,010 14,35 

Hata 5 0,001612 0,000322   4,36 

Toplam 8 0,036998     

Matematiksel Modelin  

 S R2 R2   

0,0179554 %95,64 %93,03 

 
analiz

-

 E

 

 

122 de ayna ort ki eri 

, 

ler 

.122  mektedir. 

 

 

 

(a) 
BO=0,45, U=85, Y=44 T2 

CD = 0,394 
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122.  eri: (a) 

Referans geometri, (b) T3 geometrisi (maks CD), (c) T8 geometrisi (min CD) 
 

123   

 

T3 geometrisinde 

 

 

(b) 

(c) 

BO=0,45, U=128, Y=66 T3 

BO=1, U=57, Y=44 T8 

CD = 0,255 

CD = 0,483 
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(a) 

(b) 

BO=0,45, U=85, Y=44 

BO=0,45, U=128, Y=66 

T2 

T3 

CD = 0,483 

CD = 0,394 
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123.  : (a) 

Referans geometri, (b) olan T3 geometrisi, (c) 
olan T8 geometrisi 

 
 4.124    

lerin 

T3 geometrisinde   daha 

-  

 

(a) 

(c) BO=1, U=57, Y=44 T8 

CD = 0,255 

BO=0,45, U=85, Y=44 T2 

CD = 0,394 
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124.  : (a) 

Referans geometri, (b) olan T3 geometrisi, (c) 
olan T8 geometrisi 

 

125

  benzerlik 

mevcuttur. 

 

(b) 

(c) 

BO=0,45, U=128, Y=66 T3 

BO=1, U=57, Y=44 T8 

CD = 0,255 

CD = 0,483 
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(a) 

(b) 

CD = 0,483 

CD = 0,394 

BO=0,45, U=85, Y=44 

BO=0,45, U=128, Y=66 

T2 

T3 
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125.  

(a) Referans geometri, (b) olan T3 
geometrisi, (c) olan T8 geometrisi 
 

126 da  si 

, 

126 T3 geometrisinin   

 

 

(a) 

(c) 

CD = 0,255 

CD = 0,394 

BO=1, U=57, Y=44 T8 

BO=0,45, U=85, Y=44 T2 
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126.  isi 

(a) Referans geometri, (b) olan T3 
geometrisi, (c) olan T8 geometrisi 
 

127 de geometrik modellere ait cisim-

 

geometrisinde kol  cisim-  

 mik -

 

(b) 

(c) 

CD = 0,483 

CD = 0,255 

BO=0,45, U=128, Y=66 T3 

BO=1, U=57, Y=44 T8 



269 
 

 En iyi sonucu veren T8 geometrisinde ise  cisim-

-

   

 

CD = 0,394 

CD = 0,483 

BO=0,45, U=85, Y=44 

BO=0,45, U=128, Y=66 

T2 

T3 

(b) 

(a) 
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127. Geometrik modeller cisim-

(a) Referans geometri, (b) 
olan T3 geometrisi, (c) 

sahip olan T8 geometrisi 
 

 

 

Uzunluk D t Uzunluk 

: 

 
 

. 

 
  

. 

 

gelen uzun

ayna kolunu  

CD = 0,255 

BO=1, U=57, Y=44 T8 

(c) 
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U  i 

. 

 

 
 

 
 

CD = 0,426 

BO=2,25; U=47; Y=47 

T7 

CD = 0,429 

BO=1; U=70; Y=47 

T5 

(b) 

(a) 



272 
 

 
 

128. 
: (a) Minimum uzunluk (T7), (b) Ortalama 

uzunluk (T5), (c) Maksimum uzunluk (T3) 
 

 Model 2 

 

 

 
Uzunluk  ni 

 ve uracak 

-  ve 

 

 
 her iki ayna modelinde de CD Model 2  

.  

 

 
 olan 

ndaki . 

 
  ikinci 

uzunluk  sahip geometrilerde 

. 

CD = 0,408 

BO=1,5; U=105; Y=47 

T3 
(c) 
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129. 
(a) Minimum uzunluk (T8), (b) Maksimum 

uzunluk (T7) 
 

 

 

 

CD = 0,255 

BO=1; U=57; Y=44 

T8 

CD = 0,308 

BO=1; U=128; Y=29 

T7 (b) 

(a) 
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e  130 

a-b),  daha rahat 

 

ilave  130 b-

 

 

130 130b) geometrilerinin CD , T6 

 

 

CD = 0,416 

BO=1; U=105; Y=31 

T6 (a) 
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130. 

(a) (b) 
(c)  

 

 

yatayda  

 

 

(b) 

(c) 

CD = 0,420 

BO=1,5; U=47; Y=31 

T1 

CD = 0,402 

BO=2,25; U=70; Y=31 

T8 
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CD = 0,394 

BO=0,45; U=85; Y=44 

T2 

CD = 0,324 

BO=0,68; U=85; Y=29 

T4 

(a) 

(b) 
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131. 

(a) (b) 
(c)  

 

132 a-c) kol  

 -  

 

 

 her iki ayna modelinde de CD Model 1  en 

.  

 

 
  

. 

 

 
  sahip  

eometrilerde 

. 

 

 

CD = 0,285 

BO=1; U=85; Y=66 

T9 (c) 
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ki  i  

 olan  ye  

 

 
132.   geometrilerde 3B 

ki (a) Minimum  (T9), (b) Ortalama  (T8) 
 

 

CD = 0,359 

BO=2,25; U=105; Y=21 

T9 
(a) 

CD = 0,402 

BO=2,25; U=70; Y=31 

T8 
(b) 
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133b) 

tur . Bu vorteksler D  

 

 

  

 

133. 
(a) (b)  

CD = 0,410 

BO=1; U=47; Y=21 

T4 

CD = 0,429 

BO=1; U=70; Y=47 

T5 

(a) 

(b) 
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133b) 

D 

  

 
te Model 2 

 

yatayda   
 

134. 
(a) 7), (b) 9) 

T9 

CD = 0,285 

BO=1; U=85; Y=66 

T7 

CD = 0,308 

BO=1; U=128; Y=29 

(a) 

(b) 
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134b) nde li 

D  

 

134b) geometrisi 

4.134 CD e sahiptir. Bu durum T7 

geometrisinde (CD

, uzunluk,  daha etkili bir 

29) olarak  
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ilk olarak   yan ayna profili V = 20, 30, 

- analiz edilerek CD 

 . Bu ilk 

narak  ve 

analiz  

 

  (

uzunluk D   Taguchi L9 

ortogonal bir   bir daha . Bu ikinci 

  modellerden araca monte edilme yeri (A-

model 

Bu analizlerde 

ilgili D  seviyede  ve 

adet analiz  

 

analizler elde edilen  . 

 

  D etkisi  

 

 CD ,   

 

 

Model 395  

488  

304 (negatif 545 (   . 

 

 ml  

ayna modellerinde (Model 1 ve Model 

3),  ile CD 

D  
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D 

modellerinin grafikleri lerin de 

D  , 

 

 ve CD

D  

 

 ; 

, d de  olarak, yan 

 ve 

P 

 

 

 

D  

 

 Cisim- leri ; 

 
nin , 

Model 2  -sapma   

 

-sapma meydana 

takiyle  

  

-  
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 Aynalara ait CD  ,  

 

 

359 ve 0,429  

Model ve 0,483  . 

 

  Model 1  en 

D 

D 

 

 

 

 e ait kolda en etkili 

parametrenin . D 

D  

 cisim-  

D  
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