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An Analysis of Engine Cooling using a Three-dimensional Radiator Model

o 4 &
Young Lim Lee

ABSTRACT

The performance of a radiator is generally determined using a wind tunnel, in which the air
velocity is uniform. However, when it is installed in a car, the distribution of the air velocity
becomes nonuniform due to front-end openings, cross members, and horns etc., resulting in
lower performance.

In this study, several underhood flow simulations have been first performed to get flow rates
and velocity distributions over the radiator. Secondly heat release rates are calculated by both a
performance curve and a radiator model. Finally, using an engine cooling system simulator,
radiator-top-tank temperature is predicted and the variations of heat release rate and
radiator-top-tank temperature with nonuniformity of air velocity distributions are analyzed.

The results show that the current engine cooling model successfully accounts for the
nonuniformity effects that should be considered for higher accuracy in predicting engine cooling
performance.

Z87)%4 8] : Engine room(xE), Radiator($%7]), Nonuniformity(¥# %), Engine
cooling(A A W@ 2}), CFD(A 47214 &)

Nomenclature t AT
x; AR FHEA (=xy,2 T &%
u; : ADHE SRR N; © %E7] ZojolA ALgE A F(i=xy)
5 L ae U, : % 942 A%
o :us U 32 3% 949 As
E o wRelus ket dd=AT
e :OF ouA aug b

10 BIRSATEE =S



349 Wg7] Bdg 0183 AWzt sy

4250 159 A7 FF % wopl &,
s

B8 2987 AWE So2 Ad AL
A A% A2 FaMe BS ¥A¥
stk &3 D $4¢ o8 $47 5

BZF AFE & AXof & HA AR F3H
Row, o|FHA dZFd T} FHS AW B
Mol HET g w9 AFHoE AAAY v
A9 &FE wdd AT EN ALY v
£& Hagstn gt

329 CFD #i4 & o8¢ gl
A4, & AAE fEANL F9VRD ohe

St 6)011*15 sl A glom, §¥
4809 d2g R HAF d8F A
(thermal management)®$9 ZHo2% 43
Ha ek

&0 d7] TATEH tEe] THETS B
THEE e HEAdSE 443 * sy
o] AREN AFREH FeE Bt o] FEF3] o
&3l WEAl 2 Eoj Aok §oh Deussen'”
2 Bad=Es 50 %9 AFN AS FATEE
°F 6% HAAA dHH R BHES & 11%7
A ZAAITE AL 2o Fch

FAd e BT 45 A% AMA H4R
do] olgjd EFYE AHRE EIAIA &1
dFe BEAAFEN 1HIRod, HE &
T FEHEXY ETYEAA nEEty ¥44
5 tele =90 o]FoR 1 ¢t Ecer
5Ve 309 fEel4 e Bato] Wy B9 ¥
SEXE F, WE7] 7 b "A QA 1
A Al2g Bdg HEsto BEr] 534349
Erdert 18d dF W¥g NS s
ot ARt 2 59 AN EddR gFe
0E AFHA F1 HFHA Fdr] gFelA Y
Wz Lxdho] A9} v mERin} 2o
Pervaiz $2¢ & mdda 58308 A}
48 F JE 3AY 4dr] Bd g AR

Iz
93 H

It

AA ARF FFs BEFdErt W45
nAE AT 1A Fyth o] 2L w4
7} AN AFHE o] &3t o]&ut “Local
Overall Heat Transfer Coefficient(LOTHC)”
£ Faiad weEry P F8% JEEy &
A mdata A 29 314 Fof Az +&
H2318 + Qlrh. ojgl# LOHTCe 54%
d71e ateq W7 FEFF 37 wEHe]
7+ g
B dFoAMe AA AFHAAA ALE 5
Jde F U A" dg4A4 24 et nat
gt ol & 8l AAE CFD 24 WA 75
A 71818ty EA4E A3 Rdysda Wzt
E‘é)\] 71&9 5% A2 (momentum source)

o] &3tz AKT ¢ HFEE ¥<! rotating
reference frame™& AHE3I9TE £ WHEL
X9 Bdd=rt w719 ¥wE 54 92 3%
T &= nAE 9T g T&FHY
WA 2dg 98 AxE 2d Q7 ¥
2do YA AAE o] F AU
o, BEvdx &F4E AFsEs] Hstq o
<7 Zo| F 7}A Edg ANt
A Rddxe dIE FEHH oz
BT THFFNE WG] 4FAE dolgER
B HEE%e Fote 149 AW ZA 2" 54
22aPWe) AHge g 4T LEE 43
Rtk wWebA o] Rddle WEsE EXe B
TUE7F 2HA Eurt FHA BdoAe
AXE FE e B3l a7 B9 T4EX

g 73 o8, Pervaiz 99 3449 Wiy ©
dg oldste WEdHE MY o) ),
Pervaiz %9 RE2& A& AITE9

STAR-CD™9] Alg# Aus8s Sl =2
2P o, WA B4 T2y
AA 1A 7] 2d oA 3xkd Hdr) 2d
2 gAstd WAES B¥o BFdEst udE
ARYZA 8L FPstnt HNe A
& 15 A 71X ASd o olfomv}

H9A M4z, 2000 N



ANE 2 334

1g7) 29 d4E A3t

#8228 e AHgske STAR-CD® % 2144
MEFRE o] gagnt. 33kd WEr] 2 o%
A, 327 7 s LEE 3349 397

2o o] Aoz FAY Whr2y %
d%n  dxg  d7x o] % (bisection
method) & o]&3led 2 WMo HtEAAE 5314
T3 et

2.1 Xbf 234

B A7 nEd FARES 3344, vgE
A, A JdERFeE  dHEdYEE
standard k-¢ E@®g A}£319c).

22 ol & AKX
Fig. 13 2& 72 7} dlx

9 AL 9T AR Axde Bel Foh £A9)
HA 5 ogsoki 2 % & Jaed 53
HA A1l Rddsel laan 2UY oF

5]*5}3}9\15} AE F5& A3 of 230%
71H ARE 0|83 }‘ii , BE7] Bl <k 6
e ARE AHESI

23 E44L

was] B9ES PR BRYE = FYS
S04 BEel vd ot BELeA 4ol
PEYYEAS YepiFE JE24 Bd7] @
A% nle) WERAE BE P29 O8I 2
o Hojsoiat,

M

o 71 A,
=3 719 A(cel)=

m

12 SRAEATEE =2

Ak =§l’ 7H° }ﬂ 7]

Apr =447 Zol(core)d WA

mEtd g FEEEA A =00 HH F
237t A3 EYstAl €55 = STl

Fig. 1 Mesh system to calculate airflow rate across

a radiator

Fig. 2 Mesh system for a radiator model

o]
o @

2.4 2| padg

dudr|(wdEr 2 &)= O34
A2)st9 2 Vafai and Tlenlﬁ)ol kst

< AHgSlTh

—% = (a;+ B vDu; 2



329 7] 2dE o) &gt A3y

7} #14

= g
o 2 a7l Aguole

rO
o
o
"ﬁ N
~J
N}
S
w

=1675, 23 ")
=64548 AH8-3FHiTh
A, AN LFY 22Z 7P Ay
a7l Boe #He FAE HF znese
rotating reference frameg AFE3IQLh ol
g e od 54 W@ g A st
IRHER FEHog 443 gdsAes 43
gt WY PeIME 27EA ga HAA B3
ZHunsteady moving mesh)Z #43H= Ao
sl AFE CPUZHEAAM 83tk Henk™:
g XYzt sidell 2ol rotating reference
frameg AM&3td WS sjXsle Aol LEH
222 JHde ZEY A¥Ad o 238
Bo| FQt. & A7l nydE Ak A8
Fig. 35 Zo] % 719 A, Z A}9)(four-blade)
% 2 9(five-blade)#L 7} zt Ay}

o,

. _

Fig. 3 Mesh system for cooling fans

2.5 9g) pag
o] Xy 712l Mg %”J ‘%h"] ¥zt
T EF} 37 FEeE 29E ¥
d ARREE F3EY ;—‘1%‘@ T U=
&= FEHe AF” (LOHTO)E W7 #
e SHUTESE 329 ggao

Aelrt. 7|4 LOHTCE: th&3

“TA F
ur 7)
o

Lz
o
iac)

2 4 (149 o8 ZHgr

Qtokd: UgAs( Tcoolant. in Tair. z}z)
UA;, :
= Nl;?[y = 21( TCOtj)lant Tazr) (3)

et ¥ZtE4 2XF BE e 7 AAA
AollX e T4 FEHY ATe 319 e
EFY A4S Yhed FUIte 2d9dgR
o] Axtgoing?

<= Aol gigz 713
A}%s}ﬂrtﬂ ol I Adde
20} 7hg Wtk wdy] RddAe]
EEIE QAE fyozHE T3t
7] LEEZE $HTTAAN AxE
(60km/h), L&(130km/h) A H 2 &
3ttt o] w Bdr) % %MW of
12709 GAUE o] &sty &% =S
ol9] HTAE A3} A ﬁo Wzt
T2 ke Axate)ol 4 T 2%
AR YR e A 24
Wzt Fge gyl Bgole 3 k7]
AH WL AT E Bolrte nRE29 27
AL Fol ddstd 2w REE 4
3}
bl

2.
of b _Q,
r_‘

oo 3 o N 2 I
P

4ﬂHrRo9e
)
O{Nrﬂ“

34,
HA 3

i
0.1..

—r_>.ii
=

ut
.11)1

(:u
] “‘1
SR

ofn st °‘

r&
.
e

g_l‘

oft

> &

)
ox
ok
R
i

HE WE7] g7l JH st 24
. Table 1o & &4 Ag9 B97) A

‘@—}—r %%2 L}E}Lﬂ%i‘l}. %1@1"*"] 3 4
7l ARolA 227} HlZA FA UERgtEH o
t B971E AY n29 377} Agesste o
Al SHVIZ FdEHE AL oHjgch
THZAL 4F2AE 7Foz AupiRa
o] Fadstd 9o F(normalized residual)©)

107 )87t SAsY,

oM M4z, 2001 13



Table 1 Boundary conditions for a radiator model
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Fig. 4 Variations of heat transfer rate with air

velocity for a radiator model
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