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Cooling Structure Optimization of Battery
Module for Hybrid Electric Vehicle

LIU Yan!%, GU Feng? , CHEN Cheng*

(1. Sate Key Laboratory of Automotive Simulation and Control, Jilin
University, Changchun 130025, China; 2. College of Automotive
Engineering, Jilin University, Changchun 130025, China)

Abstract: In this paper, the parallel ventilation structure of
battery box for hybrid electric vehicle is improved by
optimizing the original parallel ventilation structure. Uniform
cooling between the front surface and the rear surface of
battery can be ensured. According to the air inlet mode and
flow path structure, three kinds of structures, i.e., wedge-
shaped structure, trapezoid structure and circular hole baffle
structure, are designed. It is shown that the circular hole
baffle structure is the best. Meanwhile, the structure of the
circular hole haffle is improved in cooling dimension. Parallel
cooling and vertical cooling are demonstrated. The results
show that the dual-channel vertical cooling structure is the
better. In the condition of ambient temperature less than 30
C, cooling effect is the best at medium and low discharge
status when the outlet flow velocity is 6 m « s ! and the
battery gap is 4 ~ 6 mm.
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Fig.1 Structure of original battery box
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Fig.2 Temperature cloud and velocity vector diagram

of battery module
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Fig.3 Battery module structures with uniform air inlet
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Fig.4 Two-dimensional schematic diagram of circular

hole baffle structure
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Fig.5 Velocity cloud diagram of vertical channel middle

section of battery module for different structures
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Fig.6 Temperature cloud and velocity vector diagram of
vertical channel middle section of battery module

for different structures
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Fig.7 Two-dimensional schematic diagram of circular

hole baffle structure with improved cooling

dimension
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Fig.8 Temperature cloud and velocity vector diagram of

battery module with different cooling dimensions
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Fig.9 Relationship between battery surface maximum

temperature and discharge rate
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Fig.10 Relationship between battery surface maximum

temperature difference and discharge rate

MIGIREEE R 25 Ty, A TE 0. 8 CHE 3
T R B TR S XS, B AT B AT R AR
K Y H A A RAE 0.8 CF 2. 4 C Z[Emf, KU
HEWHA 5 m e sT NIRRT R BUATER , b 3R
REIREASEL 45 C; YRS 2.4
CJa » RIS5E5E 3T A XU 5 1 BE Tl 2 AT SR, TR 3
A5 F b VR A o S PR L .

FEARRE S R B, B = D, B AR A5
b 2% T B AR 25 R R A 3 /N BBl A » A F b P AR
FH 1.0 CHf, Hith R MR AR ECHN 1. 28 C.
ARG, B AR L, B TR S
BHOZREE R & 1) 57 R ECRPA H B R A

I R, SR ATRACT 1 6 Caf, lahR
HR KIRZETR BB 5 CUUWN; MM HERE T L
6 CH}, bR MR AEZE SIS EIRE 5 C.
3.2 BEREXNBEMEENRI

% 3. 1 WAl L, 76 1. 0 C AR, H
SR I B2 T 2 L S A AVEE SR E 2.0 C
FER L L, BRE A SR B R AR (5 °C) , FL iR
L RS ER . R, 2. 0 C L RS E H i
AT I IRV HEAT 3R A A A

ERORERE—F Q0O AORB S m - s F
BT IR (SERR4E T HMAE A NSS4
W% 5.10.15.20,25,30.35 ‘CIf, 153 Y o, ¥ 32 T
B B A KR 22 FE A B IR W Ak A 11
7.

O s m e 795
© 45| o U REEARE g P
% 401 18.5 Qg@
i 35 e 1802

B 30t Py
= 175 &
gzs/ —7.0%
B 20 les B

15 é 1'0 1'5 2'0 2'5 3'0 3'5
MR EE/C
E1l BtrxmRsBENEbRTRAXBEMHAERE
T

Fig.11 Variation of battery surface maximum

temperature and battery surface maximum

temperature difference with ambient

temperature

M 11 7T LUE H 5 H b 2 T B = 1R A SR S IR
FE R AR, BB AL T 30 CHt, 38 i XU
3 1 30 DXUEE B e L b B R TR B S AE 45 “C AL 3R
B 1 FEE A1 R b % T g VL P R AL, R TR A D
i 16 sk e e 3 T XU T 75 PO B o A iz PR, 24
WRIREE KT 30 CHY, XUE3 HLHA R F7 B B R AIC, 1R
MERE R MR ) R ok, U HUE SR (535 O iR
TR UGE B X R A B AN RE R T
RBEG BB IR B, SRR E KE
G, RESSAREA R HRE R m
BKIRZHEA YA, AR 7. 93 C. XYL Y
KRG —E B A — I H BRI R BT oK
i, 4 5 Y H i IR 22 R B A th A B 4R
FE o AR R I AR T B AR,
3.3 WO e ithiE A B

A SCWFFT I KU 2 HEXUR 5 3 1 11 30 SR 2R R 43



1548 Rl ¥ k2 2 WE KRB 2B

46 %

FIREA D FEE L O GRE R ). BT EIE—
SEIT VPR T XUH S FRLIMOHE H 1 3 i i AR A S 7
TA R RERN— TR, Ht &AL, 1
H O JHEH 2.4.6.8.10 m « s~ i}, B R T 5% 1) T
FEFIBRRIR 22 RE ) MR AR L A A 12 B,

s o~ wiokEESRE ||
o o —— W R R £
& af 110 #d
%42- I

— 47
;%38- \ = E
536 B—— s B
34— ; ; : o 4

HOWE/(m - s71)
12 HOREWMBEMEORSEEMERRERARE
bl
Fig.12 Effect of exit flow velocity on battery surface
maximum temperature and battery surface

maximum temperature difference

Hi& 12 AT LB B o i 2 1] A e 1L B2 R ORI
22 S 171 9 B S T AR, iRl TR B AR, 2
SRR, T AE A PR 2. A TR 1
L 25 IR EI RAS | BEFE AL IR A5 RIRE, A RE TR R

B HWEET 2 m - s, IR AR R
JE i R R E R 45 Cs D RE KT 2 m -
s, LM AER TAFTEIS E AR BE X ). 7E 2 m -
sT'E| 6 m e s 2 [B], KHE WEIG AN . A R TR
IR T BB 2 DR T 6 moe s I, iR
T B g Al BE T P R0 X R, B iR BE R A
71 L 32 B 38 P B e A1 o L 38 o ) — R {ELJR S8R
AR BT LA T 54 KUPLBERE 8 4% 5 AU
HIET. S350, R PTG RE 10 mo« 7", BT ER 1A
RRIBEMRAR T HIpiRZ 5 C, A L5
PESR. XEFAZEIRME THBEEEM AR
a7, P AR R R R Ve 0 BT 3R & R
ZE0W . AR SR I B IR Ok HE—
HEL T 3R TR TR 2 S .

3.4 ER il iE) BE X R it iR AT 9 RS I

P HL U [ 25 T B3 A R B R 3R R ]
B PR, FE A AR — B, MR BE O 2.4.6.8.10
mm [, 5%F 2. 0 C A5G H T b T B0 B o
T » A5 20 4 L Yt R AT i e Al R i A 22 o P i )
PrARAL N A 13~15 7.

P 13 Jz W 1 S v 9 90 JRE 3 S 4 R LA S R

Iy —— WA R KIRZE
ok —— RERKNEE
8
8o
=
« 8r
g
7 -
6 1 1 1 1 J
2 4 6 8 10
FELYt [B] BE/ mm

E13 HEEENEMRKBREENXE
Fig.13 Variation of battery maximum temperature

difference with battery gap

R BB E

HH BT — KERRRE
403745 37.26 37.67 3824 3842
35t

o 30r e

~ 25¢

g 201

2 15

10

K=

~ o«
R AR/ C

(=

A%

FELYt (] B /mm
14 HHERARARERRARKRE

Fig.14 Surface temperature and surface maximum

temperature difference of battery module

0.50
O 045
o 0401

—o— Rm KR EIRHEE
—— WA IR HEE

R A1 R/ mm
15 BiiREMNIREE

Standard deviation of temperature difference

Fig.15

between batteries

JE LR AR RS — Stk i 13,14 Wl BEE A Y
[ B30 R e, 9 R AT i R 1L 22 7 PR P i Rl 22 249 o
% i Ml E 3 50 PEAS B $R T B R b [ B0 K,
LY AR 2] 2 T A v iR A BT, (B e 15
R ) F b AR £ 5% T IR R — Bt AN MR R — B
P f9 8 22 4 o 22 S R AR 384 o 0 PR B4 DA F Tt 3R
TR 5 L 22 e ) T e b A 2L 30 B — B R T )
MK 2R R B R B L.

FEL L 1] B oF L Yt e ORI 22 R W 0K, 2~ 6 mm
I o FRL L B DR 22 R L e TR R A 34 i T T R RA L, 2



E11M

X WA S AR AR RIS L

BE1°C e« (2 mm)™',6 mm [GFREEAR FTE . Bk
V] B X H, e A5 2 R THD e e VRSS2 MR/ 5 2 mm 1 2R
37.45 °C,10 mm B2k 38, 42 °C, [a]fp K 8 mm, &
R AE] 1 °C. W AR 2 2 TH S AP VR
R, b V) BE 1S ) 58 m ] 52, E v (I BE 4 K 2 mm,
HIMRE A R E R RIR R M2y 1 °C, i B0
PREZH 2% 1A i KU 22 Pt o 1) BE 88 R ST A B IR
B 15 fi7n , Ho it ] BE R K 2 mm, HO B 2 R THT B
R 2R 0.5 °C.

EEJH:TJ”L.,T SE T 1] P P 3t 8] o L b A 2
% THT o 1o L BE R TR0/ < L A e 3 ] B AS A T

PSR = %Y&Yﬁﬁi@@‘ﬁ, B PR L M R T
DRl 22, {1 B R B e i A 2 9L E — S0 B T A
PR

4 it

(D) /MEZRTF (<20, 8 OB ING, B 4R % i B AT
W RBAE R RAGR (2. 4 O M B, 38 H KB
A BEHE R AR K.

(2) BIBREERE 30 ChY, r b B4R B 1H
255 148 38 B IR 5 DX A] , 8 o XU IR AS BB A2 AR
(3) MBS BERE RN AT AR S A
30T 1 R 6 mo« s AL

(4) WG FE b (B BE 3 K, Fo Wb TR R S ST Fn
AR ZH VR B — S 1S B0 HR T 1 R AR 4 3R 1A
150 VL B T o, S 180 P it PR B A% 4~6 mm

S E 30k

(1] ZKRE,BEA HEEK,F. B3R EHRE R B
MR E SRABI]. PEAKFEWR, 2010,23(5):107.

QIN Datong, LIANG Changjie, YANG Yalian, et al. Simulation
and test of heat dissipation performance of Ni MH battery for
hybrid electric vehicle[J]. China Journal of Highway and
Transport, 2010,23(5).:107.

MOHAMMADIAN S K, ZHANG Y. Thermal management
optimization of an air-cooled Li-ion battery module using pin-fin
heat sinks for hybrid electric vehicles[J]. Journal of Power
Sources, 2015,273.:431.

XUN Jingzhi, LIU Rui, JIAO Kui.

modeling of lithium-ion battery thermal

[3] Numerical and analytical
behaviors with

different cooling designs[J]. Journal of Power Sources, 2013,

[4]

[5]

[6]

[7]

[8]

L9l

[10]

[11]

[12]

[13]

[14]

[15]

1549
233.47.
B . BEINNERARSRMBRARENK[D]. g, 1
MAIE K, 2007.

LOU Yingying. Research on heat dissipation system of Ni MH
battery for hybrid electric vehicles[D]. Shanghai: Shanghai
Jiaotong University, 2007.

PARK S, JUNG D. Battery cell arrangement and heat transfer
fluid effects on the parasitic power consumption and the cell
temperature distribution in a hybrid electric vehicle [J].
Journal of Power Sources, 2012,227.191.

MAHAMUD R, PARK C. Reciprocating air flow for Li-ion
battery
uniformity[J]. Journal of Power Sources, 2011, 196 5685.
HE Fan, MA Lin. Thermal management of batteries employing

thermal management to improve temperature

active temperature control and reciprocating cooling flow[]].
International Journal of Heat and Mass Transfer, 2015,
83: 164.

WANG T, TSENG K J, ZHAO J. Thermal investigation of
lithium-ion battery module with different cell arrangement
structures and forced air-cooling strategies [ J ]. Applied
Energy, 2014,134,229.

MRz P 24, BTSSR N R4S A RS a0 e
FE[I]. HRRFFAM(TREARRD, 2015(1),58.

CHEN Xiyun, ZHENG Yihua. Study on the performance of the
cooling system of battery pack based on air amplifier [J].
Journal of Qingdao University ( Engineering & Technology
Edition), 2015(1):58.

W, R, VREE. B E R
[J]. KREIRE, 2011,33(10):890.
CHANG Guofeng, CHEN Leitao, XU Sichuan. Research on the
wind cooling and heat management system of power storage
battery[J]. Automobile Engineering, 2011,33(10),890.

FAN L, KHODADADI J, PESARAN A. A parametric study on

thermal management of an air-cooled lithium-ion battery

MEHERGRPIR

module for plug-in hybrid electric vehicles [J]. Journal of
Power Sources, 2013,238.301.

PARK H. A design of air flow configuration for cooling lithium
ion hattery in hybrid electric vehicles[J]. Journal of Power
Sources, 2013,239.30.

KARIMI G, DEHGHAN, A R. Thermal analysis of high-power
lithium-ion battery packs using flow network approach[]J].
International Journal of Energy Research, 2014,38(14).:1793.
LIU Zhongming, WANG Yuxin, ZHANG Jun, et al. Shortcut
computation for the thermal management of a large air-cooled
battery pack[J]. Applied Thermal Engineering, 2014, 66(1/
2).:445.

RER. BREIHARERTHRLENEMERES CFD 4347
[D]. R HEKKR¥,2010.

LIANG Changjie. CFD analysis of flow field and temperature
field in the heat management system of hybrid electric vehicle

[D]. Chongging: Chongging University, 2010.





