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Study of Underhood Thermal Management of a New Vehicle

ABSTRACT

Now, the competition of car market in the world is becoming fiercer and
fiercer. The new vehicle is produced by all famous automobile companies.
And these companies do their best to reduce the development cost and shorten
the development cycle. The computer simulation technique can make the
development cost reduce. This technology has played an important role in the
development process.

On the background of a certain new passenger vehicle of a famous
automobile company, three-dimensional geometry model was built and
modified. According to the requirement of precision, high quality grid was
gained based on grid generation software Hypermesh and Tgrid. The thermal
performance of underhood was analyzed at the idling and cruising (90Km/h)
conditions. Three-dimensional velocity field and temperature distribution in
the underhood were given. The main reason leading to high temperature and
spontaneous combustion in underhood was found out. According to the
computational results, four optimization proposals were brought out. After the
preliminary analysis on economy and validity, the proposal of adding choke
plate was adopted. The new geometry model was built, and its thermal
performance was analyzed at the idling and cruising (90Km/h) conditions.
Then, the dynamic thermal equilibrium performance of the cooling system in
the underhood was investigated using the Flowmaster software.

The above computational results show that: (1) The reason of high
temperature in the underhood of the original car is the unreasonable
arrangement of components in the engine compartment, so that the heated
cooling air at the back of the engine cabin returns to the front of the heat
exchanger, and reenter the cooling cycle by the suction of the fan; (2) By
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adding choke plates circumfluence of heated air can be alleviated effectively,
then the cold surrounding air can enter the engine cabin smoothly from the
air-inlet grille. The thermal performance of underhood can be significantly
improved; (3) By one-dimensional dynamic thermal equilibrium analysis, it
can be found out that the temperature values of all components of underhood
cooling system at the critical positions are within reasonable ranges. This
demonstrates that optimization proposal can improve the thermal performance
of underhood, but not reduce the performance of all components in the
underhood.

Using one-dimensional dynamic simulation and three-dimensional
steady simulation, the level of underhood thermal management can be
significantly improved.

The research in this thesis was funded by a famous automobile company
in Shanghai.

Keywords: Underhood; heat dissipation; numerical simulation; dynamic

performance
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A EA A AR HEK — o BER, B e XA HL (0.072) A& SST k-
R, f 8 SO H 1. L

Y, = pfa’ (2-31)

PiANTEE SCHHEL, Tl R g
B =FB.,+1-F)pB, (2-32)
(5) A& XA HUE IE i
SST k- BEALRIETFRAEK — o BEALRIBRUE K — & B JEACRINIEAL. A Tk
PRI GE AR, bRtk — e BAVARTE A k Ml o [R5 FE . IX T EEGINAS X B
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1 ok ow

D =2(-F)po, ,—= 2@
»=20=R)po,, w OX; OX,

(2-33)
k — & B[R HARE XAE N — T /4.
(6) HEAl A
a,=1.176, o,,=2.0, ¢,,=10, o,,=1.168, a,=0.31, B,=0.075, § ,=0.0828
PRI (a,, a,, 8, B, Ry, R R, ¢, AIM) #REIRHEK - o
B AR A

2.3 WiHiTE R SIMPLE &%
SIMPLE 532 HEr LFE BN &N 2 — Mg &5k e b —f

FEMEIE:.
SIMPLE /&3%3C Semi-Implicit Method for Pressure-Linked Equations U455, =4
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BEABUAE A BB IR IR R o £55 5 FE VT SORG R 5 AR B LA R R B T
B H S B PR 5 2B o A T HERG S BLAE Y  ELSER B S O, K BhHLAR
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1 VB DI R AT T I . &1 3-3 28] 3-5 & X4 K6 4 FF I — 4k
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Fig.3-3 2-D mesh on engine exhaust pipe heat shield Fig.3-4 2-D mesh on engine exhaust pipe

A 3-5 Tk R @ WAL
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3.2.2 {kM4&

FEAF BIRE A B 2RI eI RS 2 05, R Torid A Sl 23 B0 38 A vH S0
SR > = HERIRS o AR BIHLAR Y RS0 DX IR T (i sl R AT s = AP RGPS Wit
70 B EERFAIE, XSRS R B, 5 20 MRS BEA TN o X TS B
/IS R A AR DX ) DA P 3t ] 3 AT B (18 WA o S Tgrid AT P B 12 26 Rl 2
FERBIHUNE PN IR A B A4 1T BT e J T B = S A W R A DA v SRR ) R 18
FE A WURA AR R R R 70 58 B » 55 A shBILAE P A6 1K) DX A Y o P b AT gk 28
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RENHUAS R R BCE T 53D WA N 1, 38 B KGR S AL i A s LR A 24
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B DUIEAANSZ B A S U B XIS s (K2 Mo DUk, i B oF Sk 1t K/ BL K
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Fig.3-6 3-D mesh on cross section Y
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A ZAN I E) TR

Z AN A AR B T R P N T S AR S S I, YT R PR 4 4
B BB ARG PER ORI (Darcy), BN A R O

B Z AL/ Darcy &4

I Z AL E A T, Fe BRI RS L], HERCRT LAE O . R
DAY, 2 LA PR fai b A e fit -

Ap=-£y (3-1)
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X2 A0 s, FLUENT 58 bt re e 7 i, R B 7 1& Sim A
PN 2N, AR RIS AL T R RS T mE A DI
p 17

E 2 fLBRREY T oA

WA PR AT A BRR S, T A B s 224k xe SCh Darey & FHERIBR I A i 2k
455

Ap:—(ﬁv+CZEpN5Am

a 2 (3-2)

s
e KRS, XA 4 =1.7894e-5kg /m-s
a: A EE N
C,: kKR
P
V:

\
/]

Ol
3 LT/ PR I R
Am . B R RS
et 1RV RILE G SINE DN T
BOEST R NEE N o
BEE Z AL R Am
e s Tk ER R HC,
AR 2= BB A N R SR A P i S8, A9 B AR AT T XUTHEORT [ 51 R Y S8 3R K
AL BB @ Rk A B IRAR K 09 K A
Tablel Relation of pressure loss and velocity of radiator
SUNTTPARES ENEAPS
v/m-s* Ap/Pa
+ 10 539.7

377.8
239.8
141.2
60.6

N | O] ©

H1% 1w LLAUA H Ap —v BHEZE N -
Ap = —(93.583v* + 368.76V) (3-3)
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5

T 25 S M kG M R B =1.7894e-5 kg /m-s™ kg/m-s, BB B )
Am=0.018m, XJ Lt Darcy’s 2 W) )ik XA 5 R H0E W] LK R 07835 1
a=2.69e-6m?, JJJBkEK A% C, h 8669.4m™ .

P2 Ut oty 300 XU T XA s 5 A8 2K R Ok R A 2 Pl

R 2 ki a0 Rk Ao B IRAR K 09 K A
Table2 Relation of pressure loss and velocity of condenser
SUNTAPRRES ENEIAPS
v/m-s™* Ap/ Pa
92.4
67.5
46.4

32.2
18.6

N(w(k~jO1|O

R 2 Al DAUA H Ap—v 24 «
Ap = —(1.616v* +5.558v) (3-4)

i T 45 M OkS Tk &R B 4 =1.7894e-5 kg /m-s kg/m-s™, VA Bk as 1 E S
Am =0.016m XJ bt Darcy’s % M) 21k 3 H A7 28 200k nl DASK H ¥ gt s 172 08 1
a=2.0le-4m™, K JJBEERREC, N 164.875m™" .
(2) R 7Y

YT RBWUAES, ATLAUH FLUENT Hp RUR 8 A2 A R A TR0 . Ut 121 5 45 A
T B N Ik XU SR T I R T 38 I S i A T A GRS ) 2 (R DG R & s i 2k, T LA
R IR g T (145 ) AN 1) 2 B4,

A BLRUGE I AU 1) s T

& FLUENT BB, XUBs R TG BRI, 38k XU AN 28 R 4t i
SE R I XU TH R R A B2 IS R AT RS H AL 20, 4r Bk ek Bl
B TR, ol DU A e SR

X2, HORRAN:

N
Ap=>) fv'
n=1 (3-5)

Ferb Ap IS I B MMELCRAL: Pa), f 2 IURE v o 3 T XU IR A
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& 3 Rgidy Kk A= /B3R 40 K 49 % &

Table3 Relation of pressure loss and velocity of fan

3L T R INGEAPN

v/im-st Ap/Pa
0.9 305.0
2.3 252.0
4.0 210.8
5.4 150.0
6.9 89.2
8.0 30.4

AR R TG A5 Y XU s o B 32 1) S 2R il 2k, ORF O AR U Fluent
BRAF IR R AR o 2 3 Dy JXU b 200 7 XA g A 2 ) s i 2 [ S B el o vy R 1K) i
AT RLAUCE H et X 1T XS 5 s 453 2 8] ) R ESOR RN -

Ap =—1.760v* —22.128v + 322.24 (3-6)

B AL XU Jie ek

b 7 3 1 P 7 7] N TR SRRl P TR0 B PR BT G R b R S
JEE AT AR RE Dy 21 XU LRI AR 1) B S KT RR . BT T RN SC R T DU 8. 2 00
ol B R

X2 IR, U IR AR i 8 2 3 Xh »

U,=> fr", -1<N<6 (3-7)

U =>gr", -1<N<6 (3-8)

Ferb U, AU, 2090 D KU A TR D) 1 AIAR ) L, By ml s, f Al g, st bl
AR i) 18 22 TR AR 2R B 7 O 21 KU r o R PR
(3)#uid 5t

g T AFEN R BN P IR S A, B S B L AR R L
ME A AR S, SRS, T ZRAE A B IR S B i DU e Phad F A
N T SR R BIHUAE Y (R T AT 2 A0 SO AR A AN AR A B AT PR o e R4 A
SNHLELAAR P RS, U S AR S K VA A s LR FIOE ot
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Fig.3-8 Position of components in underhood
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Fig.3-9 Distribution of velocity magnitude and temperature on cross section Y in the underhood
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Fig.3-12 Distribution of velocity magnitude and temperature on cross section Z in the underhood
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Fig. 3-14 Velocity magnitude on cross section Z=0.6
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