
C o p y r ig h t 2 0 0 5 K S A E
1 2 2 5 - 6 3 8 2 / 2 0 0 5 / 0 7 4 - 0 2

T r a ns a c tio ns  o f K SA E , V o l. 1 3 , N o . 2 , p p .1 0 -1 5  (2 0 0 5 )

1 0

N o m e n c lature 1 )

x i :  x , y , z  

K  :  (P e rm e a b ility )

u i :  

|u | :  

U  :  

A i :  ( C e ll)

A  : 

�,  �� :  

*T o  w h o m  c o r r e s p o n d e n c e  s h o u ld  b e  a d d re s s e d .
ly u m s @ h y u n d a i-m o to r .c o m

1 . 

,  

(C o n c e p t c a r) . 

(E u ro  I I I , IV , e tc )  ,  

.  

D a im le r  C h ry s le r

( In te rc o o le r )  

(R a d ia to r )  

.  

( I)
*

Study for the Cooling Performance Improvement of a Mini Bus

Myungseok Lyu*

Commercial Vehicle R&D Center, Hyundai Motor Company, 772-1 Jangduk-dong, Whasung-si,
Gyeonggi 445-706, Korea

(Received 3 May 2004 / Accepted 11 December 2004)

A b s trac t : T h is  s tu d y  w a s  in it ia te d  to  e v a lu a te  th e  c o o lin g  p e r fo rm a n c e  o f  C A C  (c h a rg e d  a ir  c o o le r )  a n d  ra d ia to r  in  th e  
e n g in e  ro o m  o f  a  m in i  b u s .  S o  w e  h a d  f i r s t ly  to  p re d ic t  th e  m a s s  f lo w  ra te  c o m in g  f ro m  ra d ia to r  g r i l le  a n d  f ro n t b u m p e r  
o p e n in g  u s in g  c o m p u ta tio n a l f lu id  d y n a m ic s  (C F D )  s im u la tio n  b a se d  o n  3 D  c o n f ig u ra t io n .  A n d  s im u la tio n s  w e re  
c a r r ie d  o u t fo r  d if fe re n t  c o o lin g  m o d u le  la y o u t a n d  b u m p e r  o p e n in g  h o le  s iz e  o n  s a m e  v e h ic le  o p e ra tin g  c o n d it io n .  
S im u la tio n  re su lts  sh o w  th a t  C A C  c o o lin g  p e r fo rm a n c e  a t  re v e rs e  p ro te c tin g  p la te -a p p ly in g  m o d e l w a s  m u c h  e f f ic ie n t  
th a n  th a t  o f  th e  b u m p e r  o p e n in g  h o le  s iz e - in c re a s in g  m o d e l in  IM T D  p o in t o f  v ie w . P a r t  o f  th e  C F D  s im u la tio n  re s u l ts  
w a s  c o m p a re d  to  w ith  e x p e r im e n ta l  d a ta . I t  w a s  c o n f irm e d  th a t  th e  C F D  a p p ro a c h  u s in g  S T A R -C D  b a se d  o n  p u rs u in g  
n o -c o m p ro m is e  so lu tio n  c o u ld  p ro v id e  d e s ig n  e n g in e e r s  w ith  u se fu l  d e s ig n  in fo rm a tio n  in  th e  e a r ly  d e s ig n  s ta g e  o f  
v e h ic le  d e v e lo p m e n t.
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Fig. 1 Computational domain 

Fig. 2 Mesh configuration near the surface

Fig. 3 Trimmed mesh structure at the middle section
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Fig. 4 3D Heat Exchanger configuration 

Fig. 5 Base model mesh configuration

Fig. 6 Modified model mesh configuration
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Fig. 7 CFD Flow

Table 1 Boundary condition

Ite m T y p e C o n d it io n s

U n d e r h o o d  s im u la t io n

In le t 3 2  K P H

O u tle t Z e ro  g r a d ie n t

V e h ic le S lip  w a ll

G ro u n d N o  s l ip  w a ll

F a r  f ie ld N o  s l ip  w a ll

C A C  (c h a rg e d  a ir  s id e )
In le t 0 .2  k g /s e c , 1 6 5  ° C

O u tle t Z e ro  g r a d ie n t

R a d ia to r  (c o o la n t  s id e )
In le t 4 .1  k g /s e c

O u tle t Z e ro  g r a d ie n t
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Fig. 8 (a) Boundary display for cooling analysis

Fig. 8 (b) Boundary conditions for cooling analysis
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(a) Base model

(b) Modified ModelII ( II )
Fig. 9 Flow field at the vertical section
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(a) Base model
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Fig. 10 Flowfield at the horizontal section

Fig. 11 Charged air flow field in CAC
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Fig. 12 Coolant flow field in radiator

Fig. 13 Charged air temperature distribution in CAC

Fig. 14 Coolant temperature distribution in radiator

Table 2 CFD simulation case
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