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model with the Lift Effect taken into account
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Abstract

In the flow analysis around a bluff body such as road vehicles, drag reduction has been of the primary concern mainly due to the effect
on fuel economy. To reduce the drag, which is mostly due to the pressure difference caused by the flow separation, the location of the
separation and eddy sizes are controlled. However, less attention has been given to the effect of the lift. The effect of lift may cause
the driving stability problem of the vehicle at high speed while heavy downward effect of lift together with the vehicle weight may
require more power to drive the vehicle forward. It is considered worthwhile to pursue the optimal design of the low drag tail shape
of the MIRA model while taking the lift effect into account, even though it is considered as a reference. To this end, a commercial
multi-objective optimization code, FRONTIER, is used together with the CFD code, STAR-CD. It is hoped that the results will
provide more insight into the flow field around the bluff body as transportation means.

1. M &

Ak Rgd(style)S At oz vy 7147
tol AAHAR FYA AF FHo B4

Fog ¥ 71984 S4x oo @ #
FA AR frede wy, AT, o8 * FF
T, FH2
zpolol olgk A gol

(o)

ofl ok

OmgoglcihﬂﬂOL
—_—
|
O
2

o 12
{o
U
=
9
jndl
T

o, -
JE

— O
—
[\)
[
=

o B

=l
tlo
K5
(o3 _1011

2
E R A

o, 1
o2 [ 5
o
lo,
N
0,
T
o=
o
hY i,
R
O~

o 1%
o

N a
o3l ©f
ox, o
o\

2l

[
L

—

o offl g
NG
-
i

M =
1
ﬁm

mN 32
©
Ju
PN
2
o
i
>

T
T
N,

o

off &,

U ok offt ot 10
tio

M‘E:{o

AT s 1o

=
#Ir
o
2

|

X
o B ko

ot g
hag)
o,
i
T o
Az 2
oft ¥ 2 oo o N Mz 2L oo

O nf 32 KU By 4 ox i KT ok T o2 2 oft Ok glo 2 1o o

o
O

S (= R NP~ [
o ot o, 1o
N
o

jas]

2 o

o 3o

2 o

ro &
r
-
o
B

E‘r‘
il
ot
NS
tlo
_X._.‘
by
fru
ol
)
o
Ol
el

oy r
2 g o,
2
< o
o Mr ofN

N1°§
b R

= of
=2
N
4
3
2 o
o

! t
o B

o o 2
ofo
of
o
2
=

e
I
%

Ol
o
£
Ne
o o

4o of o 1o
o rlxoxé‘

o,
i

B
=
=2

o 8
¢}

g

o2 U 32
Er
ALl
AN
2,
r)«
do
2

El
1

=2,
o

ol
R0

-z
S
tlo
_\il_,‘

RA mode Zn
g Awak AAE
S FTEAFNY A
Hr}. o3t Wy FQ Q9]

ol
ko
fo
(o2
o)

_
o >
o 2

i
el

o

o b o
o

[
19 Qe
2
2 o
%
finy
o

* CD - adapco Korea, jlee@cdak.co.kr
** CD — adapco Korea, huhn@cdak.co kr
*** CD — adapco Korea, jbkim@cdak.co.kr

A e dES FHA3En TFE FEoA o o
o]l HES a= A A Az 4FHE 24 S48 Al

HA g B Ak FEaAa BEA o] FoAAH

2 A g4, A4 wylo] A4
F5)E MIRAZZ | djgir E&
k-e 223 RNG k-¢ RS vluFlom 3 73 vl
AFF A2 (Upwind Differencing Scheme) 3 A} AHE L2418
AFEEIA Bl ERlth MIRAR 2] A 32 o= dRE
Ayt A=A osiA o wol #$EE& dokrh Hg
Gaylard'5[6]2 STAR-CD2) RNG k- e 5.2 AHE3)A MIRA
g0 gy slugen Cdghs 1.5%WelA Stk &
ATdME GFEHEZA RNG k-e RES Ao s
H 02 &= 0]2}2] MARS(Monotone advection and reconstruction
sheme)yE AR ECE 2310 2 59 notchback MIRA F &
weloh 7+ 249 AZARY(A-Pillar, C-Pillarg)7} & ¥H3
7HA a1 1A FH o] §lom Ate|mm|#Fe] F7HA]] F-50]
slol dA ARl Aol vl vlwa] W CARE.16, [6][7)= 7t
Atk ARESE Axs 1929 22 196060709 cells 7R 7]
2R e} AFatY F9 342 ARk F AEEEesE A
SE 0 =9 AH RE LR A% 5 Y A F
Sofl thaiA Az Yol e uim AL 33

mo o

565



o 4165 overall length

+ 1085

450

>

7
T 508
1215 ]

body ¥ 107
height 708 l’f"/ )
i | : : o i
105 % I g—
-' 535 | BN © 305 Rag 2P

1770 152 :T_ra:k i

Reference point

L T

1625

Fig. 1 Specification of MIRA car model
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Fig. 3 Cd, Cl, and Runtime according to grid refinement
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A feasible solution X is called “ Pareto optimal” if there

exists no other feasible solution Y such that £(Y)> f(X) for
i=1,2~ kwith £(Y) <f{(X) for at least one j.
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Fig 5 Design variables of MIRA car model
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Objective: Subject to:
Cl(a,B,y): Minimize 35<a<75
Cd(a, B,v): Minimize 0< B <10 3)
Clt(o, B, v): Minimize 7<y<1l
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Table 1 Pareto set from MOGA after MACK
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b) flow downstream(x/L~=1.0)
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¢) flow downstream (x/L=1.5)
Fig. 6 Flow field from optimum solution

¢) Lift coefficient at rear part, Clt
Fig 7 Convergence histories
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Fig. 8§ Comparison of Virtual run, MOGA, and MACK

Blue dot : Virtual run(pareto set), Brown dot : MACK
Reddot: MOGA(pareto set)
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