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A Study on Prediction Method of Vehicle Cooling Performance with A/C Condenser

of 4 3, w4 "
Sangho Lee, Jungwon Park

ABSTRACT

An analysis method to predict performance of a vehicle cooling system which is composed of radiator, A/C
condenser, cooling fan, and etc. is suggested. Air flow through the heat exchanger system and heat rejection rate
which dominate the cooling performance are analyzed. Heat transfer with A/C refrigerant phase change is also
considered in the analysis. Some predicted results are compared with experimental data for various operating
conditions. This evaluation procedure will be useful for the design of optimal vehicle cooling system.

F27)%&80} : Vehicle cooling(2}337}), Radiator(2+t] ol ©)E]), Condensor(Z %)), Heat transfer(&
AY), e -NTU(E &-NTUHH), Phase change(3# 3}), Cooling air(\§2}3-7]), Fan(H)

Nomenclature
A : area, m’
ATW : temperature difference(air -radiator cool-
ant), °C
C : heat capacity
Cp : pressure coefficient
Cr : ratio of specific heat
k : constant
L : length, m

: log mean temperature difference, °C
: mass flow rate, kg/sec

NTU : number of transfer unit

P ! pressure, N/m’

Q : heat rejection, W

q . volumetric flow rate, m/s

S : entropy, J/kg °C

* 3, st Z A
** 3, eAEA 7ledTa

T : temperature, °C
U : heat transfer coefficient, W/m® °C
V . vehicle velocity, m/s
x : local coordinate(width), m
y : local coordinate(height), m
e : effectiveness
o : density, kg/m3
Subscripts

max : maximum
min : minimum

oo : ambient
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Fig. 1 Schematic air and coolant flow diagram in the cool-
ing system
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Fig. 2 Simplified analysis procedure
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(a) Mesh system

T(coolant_in)

T(air_out)

s

4
-,
’

T(air_in}

T(coalant_out)
(b) Element in radiator

T(air_out)
> 4

T(refrigerant _in)

T(refrigerant _out)

’
’
’

T(air_in)
(c) Element in A/C condenser

Fig. 3 Mesh system in heat exchangers

I YAERE thA Zo] 7 ol B A Y of A
colte HAE FEAY IS 18T 5
T & 3717 st Eugty] FojRES
ol mi4 AALE Lo 4 Az REEE 3]
&0 ot A ALtst AT
Bugriol A o) EHHEAN S 93] Unky
o] Aw k7] 9] &j4lo] &2 LMTD(Log-Mean Tem-

perature Difference)] ¥} «-NTU™H & A} &3}t
ole wet duwEz|olAe] dugge s
I ol E& wEste 7 FAe WP de
T atolet FHIHG AU EA A

O =UAAT, ), 1)

H10H M3%. 2002 53



o) A% - uhge

o] 7| A, B2 2H7| W ¢] = E A2 A G(Overall Heat ¥y 2MBAe grldolE A Sttt
Transfer Coefficient)®} F-# o] 24X+ A3} Aol IHFPEA L 3 d¥xzHog ¥
oz 7hg skt wE7] HEF gle] EuIV|YTFEEY o

Hudrle] F&()S A HZFH HA dlol et G etH A 229 ¢t o] Fof
7bs 8 A EHe v 24 NTUNumber of Trans- AE Aol EHFEA L YulRI3H 54T
fer Unit)9} SLFEH|(Cr)9 5ot way o2 Zhvjas GuV|AAEE dHEE A4t
TulolE 2 dxgAF Ut HdHA A A Ak ol 23wy g B T4 Tl o
O ZHE NTUZ} Alate i o A3} 34 & Mg g WA ZF §xd Qe deiuis s
A o B RE o] AAATE upebr o]iTEi Hf a#Hst] GFHE ANE 5 JAEE 3T
ZF o7t 2L 4 G A 75 Bejrt 33 ASddE 7A AR
L= ARG d %1 (Quality) ¥ 3taF& nejdte] F5HTFO

Srjoolgl At 8L B3 499 279
AR WA dao] o Fol Tk WHHF
7k WEe) AIC 294 Fol 4 14422 da
gho] o] %o} 71 Aeolch. ghrjol ol Elo] & @

j%7] s ?—:]‘HI‘Z‘}_Q_E 05-7%7 EH/Hoﬂ =23
o] A} g5 = e BA NS A}e5 .

£=1-

Exp[CLNTU"-“{Exp(—c,NTU"-’*) ]

A/IC QA& AFAC A 2H ] F8 FF F
9 sl ER Foj(RIZH)EHE IS JdIESE
499 72 w2 6}” 4 g e dudy]

olth. EwA A WrjE %‘ﬂi as e
St} SHA| & (Condensatlon)ﬂrﬁ S AxEM 9
o 5}3 o 2 7} F(Superheated) el of] A ¥ 3}(Sat-
urated) 7] A Ao} £33}t HA FEE AA HF
#}1Y(Subcooled) J e} 7} Bt ubeba ZalA g
FHgaA e W Jeo met E 49, ¥
g9, 1y HY PO FE YA 2
AR Y 25E 79 F7 RERTG FO
o2 Fuvie g AgF d@4o) #AsA &7 o
o GAYL F7|e] EE Wanks uE gk
B 2 s A/C ZRIA o tiajA] 2] o]
Bl o} o] dugr|moE v niA Ao
2 a2 zbe] o o] drkyel ud
719] a4 o] 291 LMTD 3 ¢ -NTUH S A&
st wheta] ulgkr]e] w s Azt tigk &

54 X SAZEE =Y

2 Yool 48] Quality=05-E] Quality=17}%] <]
BHEE AtetdTh o] APl Wule 2%
7t Ae) dAE dejolBg E-8FH] Crin/Conax
—002 7tgsted th 3t e BANYS A g
Bt

3

ﬂﬂﬂﬂﬂﬂlaﬁmﬂ
°o% §9HL TuA
ﬂ@ﬂﬁ%ﬂ%ﬂ@%
AR EA=N A 5L AN
WA A g ol g
Aol SEd o3 o
%H%H%l
B WztA e

N,
rir
>
v o,V;.‘,
rE e

AURENS
R}
ol
lo,

NR 2

kY
T ok
D S
o, o
i

K

Jo o o

Rt ol

o ol
SO
™

L

z M 0% T
T“'_DLHE
e o
o

lo 1o ofd 2 oft y2 Sk
& 0 N
oﬁlﬁ'

o o

+ Off
N
ofi o
o
o

ot
aQ

b
m}L
kv

@

& 4@%a4z$aﬂ&4aQﬂ EE
Re) 453 AWE FLREA A g
%a%4aaa%dﬁw



A/IC ZME 2383 gzt 4

5 age] o A7

Condelnser

Built-in
Resistance

Grill Radiator
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