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Abstract Based on thermal management systems of pure electric vehicles, a thermal management scheme for a whole vehicle is proposed
in this study under summer conditions. In this scheme, a parallel cooling system using refrigerant is developed for the batteries and cabin,
and the heat transfer performance of the heat pipe is considered for heat exchange between the batteries and refrigerant. A liquid cooling
system is used for the motor. The proposed thermal management system was tested using a system simulation under the New European Driv-
ing Cycle at 35 °C. The results demonstrated that the temperature of the cabin reached 24 °C after 64 s. The cabin temperature then main-
tained a dynamic stability near the setting temperature. Moreover, the temperature of the batteries reached 25 °C after 68 s then maintained
a stable temperature under the vehicle control strategy. An increase in motor temperature occurred at a low rate under an urban cycle and

exhibited a rapid increase under an suburb cycle. However, the temperature of the motor was maintained within 80 °C.

Keywords electric vehicle; thermal management system; numerical simulation; refrigerant; heat pipe
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Fig.1 Thermal management system of pure electric vehicle under a summer condition
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Tab.5 Parameters of model verification of air conditioning
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Fig.2 Model verification of air conditioning
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Fig.3 Model verification of battery heat generation
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Fig.4 Model verification of heat generation of motor

2 BEREHERAGEMERSTE

2.1 BEMEBRGER MK TR

TEMREIREE Ry 35 C 1, >R ] NEDC RICHH i1 #E M
HERCI T HEA T4, A 3 3 S LA 45 2 -
1 NEDC T-2LH 4 /N AR AT 1 ASRBIXAE IR AL,
TP FIRR X 35 (i ZE 343514 50 km/h #1120 km/h,
2.2 SREMAEIE R

T ML E N 24 °C , IF38 1 V835 R 45 L%
HOREHIRE . B 5 iR 8 NEDC T 003 % it i B
BEET R AR L, BI85 AT, 81T 65 s B, e F i
FE R FRAR 2% E R E 24 °C, 2GR K MIEELE
24 C L F¥sh, B shigEE +1 CHI-4 C, X IEH I
T SRS R AL e 1, YRR R ) e
A5 AN AR g, BT AR A R R A It 3R
Tb. FETTNPERR) 143 339 533,728 s, ik # e K%
BT A F MR IR B il  7ERR X AEER | T H 4=



F45 F28 #l % F W Vol. 40,No. 2
2019 £ 4 H Journal of Refrigeration April, 2019
IR, 5 4 R AL R | BT LA TR B i< i
N Sk ], e P > W | v/
B R =) = BRI TR
2 . 1120
40, " 1160 = A
—RE MR T 25 R =
sl NEDC T 538 = i ilgo £
O 21120 1 15 :' =
= B ' =
{180 E o 140
o= B =
: - IR IR NIRRT RTIRY o
40 5O 400 800 1180
: L 0 t/s
0 4000 o 800 T80 B 7 NEDC TR TH% B8\ 54 1R B B BR i 1025 4L

t/s

& 5 NEDC T TR EACR E R E AT
Fig.5 Temperature of cabin changes with time under
NEDC condition

B R WL 2 i e O IR R U 3 1 i R
22—, WA Py g o SR W S v 7R X R b R SR
JE BB VA 1 42 1l 0 R 4 BT 3Fe AR IR B s i, TR 6
JT7R A NEDC T80 R 4 AL % i Rt st 1) A A8 4k, P
6 A FETTINTEER Y 143 339,533 728 s, iA#l| e K
TG, IR AT (1) b T 4 AL ok 3
U A S RS T B, 3fe 0 I A 2 e R L
JE MR AR E A

) , -160
11500 — RN
1200f . e NEDC T 1.2 53
- . 1120
£ 0 A2
% 600 | ;1480 §
& 300] |
® 40
Rt 10
400 800 1180

t/s

& 6 NEDC T3 T JE 48 /1 5% 12 Fig A (8] Y 22 4
Fig.6 The compressor speed changes with time
under NEDC condition

K 7 iR NEDC T80 & # A 1 il ¥ 57 i i
BT A AR L, B 7 AT, 7S s A EE IR B A
PR E, R E RSB g, K 5
100 s AbSRE AR ER B T, 254 LikJERH, S
B H AL [ 5% 24 CHIshESAEAk
2.3 BANE R MR R I REAEE RN

P S LB 2 7R3 i T e b s ROk R T
FRATIR F IR R A 4 T A B T v R A I R T R O
M, HMb R E TR R 25 °C, Hos il Al 24.5 ~
25 °C Y MR BEIA B 24.5 C B, T CH, Kl 8
JJi7s 2 NEDC -5 H b i B2 B A [a] i 22 4k, i 18] 8w

Fig.7 The entrance refrigerant mass flow of the evaporator

changes with time under NEDC condition

HILTE 72 s AbHMIRJEREE 24.5 °C & 4 AR 1k
B TR, B9 FiR i NEDC T4 H 2
T8 70 T e A A ] A8 Ak, e B 9 mn 7E
T NTEFR Y 640 896 .1 060 .1 123 s, FREE AP B fdi Ha
b I SR B B BR 25 °C, 3T VA 0 I E R T
Jet, L R Tt VL A B T BR 24. 5 °C, il e 7 i

WE PN
i - - 160
3 1L
o NEDC L %EH
21120
@) it _
i 30+ i <
= J 80 &
227¢ o 3
2 q
sl ‘: 40
op L GRE RIS o
0 400 800 1180

t/s

8 NEDC T3 T~ A ith i B B A B B 22 4L
Fig.8 Temperature of battery changes with time
under NEDC condition

r y N N 4160
30T A R R
2 I\ NEDC LI Z%EE
k. 51120
= 157 G2
% i :I 20 E
H | s
= 40
& §
s il 3 do
0 400 800 1180

t/s

B 9 NEDC TR TREBANAFSFIREREMM EHNEZN
Fig.9 The entrance refrigerant mass flow of the battery

changes with time under NEDC condition

LEAT T A 0 ] ¥4 70 5 3 2 e 0 - 1 v A
FEL 0 ) 4 7 o 2 T 2 R A A 2 A e 1) 7



F40%5 F2H
2019 £ 4 H

LTSN AR EAER RGBS THREHL

Vol. 40, No. 2
April,, 2019

Y BT i, T SE M SR 2 AR IR B i e A0 ) 2 5
I 11T 5 50T 2 A ) i) ¥4 751 o e e R A, AT 7
H1 646,899 1054 .1 110 s 34 H 3R il ¥4 391 ot et i 1
Ko, >4 R A T 2 3500 R 1T O PR R, 2 % 2 1 i v 7 I
TR 75,649 917 .1 0881 164 s HJ I — R %
Mo RS A ) i v 7R B A Y AR R T 3Ok
KR AR,
2.4 BHIAEIE MR

H1 T RLALIR 32 80 °C LA R HREE " | IR e %t L AL R
FRWRVR A, AETT N AR PR T00 , AL SR 18 1
T, 33 2 KA R T PG B0 42 A1 5 (R 31 T 4B IX 42
HAGFR, f1 43 3G, B AL B 2RI, &
10 fit7n-h NEDC T30 T F AL B2 B Ay (B 1 254k, P
P10 AT %0, 76 900 s FfFIT , H ALY BE A FR 00 T B,
TR AR ZE R A B, 7 R a2 (H2 AL 5 36
B3T3 R AP RS . iRl 0 BRI,
TREFF s , AL G, B L AR o T R A
1150 s 2247, i 0 O BLR B o ah B T, fe ¢
HALEE IR 2 67 °C B JE H T3 0 R/, 76
1 150 s FfHIE, AR BE 46 T B, et 72 AL
JE—HALTF 80 CZ N,

701 ] 1160
— LR
oL NEDCLALFIE
/1120
(@) i —
o 50+ . <
! i ilso E
= 40 s
5330_ 40
20 !':. :. Y :.: I: 0
0 400 800 1180

t/s
10 NEDC T3 T BB 4/Li FE B A (8] 9 224K
Fig.10 Temperature of motor changes with time
under NEDC condition

3 &t

ARSCAE S S B e P PR T A AL L 4R T AL
EATR e NG RN Rl RS RS R R R BE e
BT S AE 35 CF TR RN 25 B 30 T o0 ikAT 1
P BIPEREIN, F3 B AN F 458

1) T8 B 2 B 2R T 00 R, 75 65 s FeF A i
JE TR B IR , Wt 7 R 2 s ] SR 2 T, 9
FMM IR B SEE I E 24 C LRI,

2) (ERE T PAE T S v LD S R G O R v
A0, A it B2 IV o e 2 AR I, X S ORI
I B S AR RN 2 —

3) FEL M 2 SR FH PRV v 50 T A P IR B TE 68 s
IRENBEE R, BT S A AR AR 7E 640,896
10601 123 s, B iy A it (o F e ek 2 68 o 15 o L
FEHEZE 45 1 SR W, SO RS H b TR R R B
T

4) HLATL I 3 8 3 MU 25 B 4 8 T 400, SR F W
A LR EEAE T NG SR 18 3G K, 7R 51 el 7 it
WA —E fR B T, 2640 XA PR 2l K (HR A Ak
T80 CZIN,

HEiEA
A, — TR SR EME IR, m?
A, — B, m?
c,—EJE LA, )/ (kg-C)
E,—— AR,V
H,— B2 LS k) ke
ho——t W %] 3 & ft b X 5 e B4R AL IR B
W/ (m?*-C)
R ——t B Z20 TV 5] 55 4 P AT T X A AR R AR R
BOW/(m*-C)
hi,—— B 20 3 % i N XTI e B3R OE R R R 4L
W/ (m?*-C)
h,——t B 2SR SRS T X T AR AL R B,
W/ (m?>-C)
h,——¢ B 20 A 55 b RE X T e B 3R AL R B
W/ (m?-C)
T—— IS 220 Fi Sl 5 Fl PG, A
L—EHHLHES R, m’
M,—t B2 AR BT i i i kg/s
M, —— B ZI R ALH O R ke/s
M,——t B2 B I 4 1 BT i e kg/s
m— ,kg
N——t B2 R AR HLEE 3, v/ min
P —HHAMIIR,W
p—HJi,MPa
Q—t B ZI b AR P W
Q,—t BZIE LA RE W
R —H N, mQ
R, ——HIHLLEE ML, mQ
S, —— RFMINPALIAE AL, m®
S—— il 5 B EAAPIE R, m?
S —— R BN AT, m’
S,— A EEELEMER,m
T—RE,C
T, —t W25 BE, C
T, WG IREE,C
T,—t B2 PE R, °C
T, —t B2 FAIRAE , °C




F45 F28 #l % F W Vol. 40,No. 2
2019 £ 4 H Journal of Refrigeration April, 2019
T ——t B 261 FIR B, °C 1y, 2015.
T, —t W2 E M RE ML, °C (6] JEEAE, ARKE HER A2 TR B e R 4 DL 25 1)
T, ——t W 23 BE T, °C GrBTLI]. #ilRsAdlE, 2014, 35(2) : 54-58. (TANG Jing-
l IFIA] s chun, ZUO Chengji, et al. Structural analysis of heat pump
U— BT ZI AL, vV scroll compressor for electric automobile air-conditioning
v—t BT ZI3 B km/h [J]. Journal of Refrigeration, 2014, 35(2) : 54-58.)
e— R [7] AHNJH, KANG H, LEE H S, et al. Heating perform-
p—H¥E kg/m’ ance characteristics of a dual source heat pump using air
p,—— I ZIRFAK IR A T4 5 %5 kg/m” and waste heat in electric vehicles[ J]. Applied Energy,
p.—t BFZA TR 54 B kg/m® 2014, 119(12) . 1-9.
b, —t W25 IS, W (8] RuiA. rosh4 g Jy i v P8 B 5 25 0 R GRS 17
&, — I Z5E i A kA R, W REf o ARBIFE [ D], K3 MK, 2015, (WU
& —— B 2RIV R S S B it W Zhenli. Study of co-simulation and control technology for e-
¢, —t BT ZIRF M 525 AT, W lectric vehicle battery thermal management and air condi-
&, —t W2 A GG B, W tioning systems[ D]. Changchun: Jilin University, 2015.)
n,—HEAHAETRFE [9] TAO Xinran, WAGNER J. A thermal management system
n,—— LR for the battery pack of a hybrid electric vehicle: modeling
0 —— KBRS s R 2L and control[ J]. Proceedings of the Institution of Mechanical
Engineers Part D: Journal of Automobile Engineering,
AT AL 5L B A [ RUET R BB, (The project 2016, 230(2) : 190-201.
was supported by the Collaborative Innovation Center of Electric [10] PANCHAL S, KHASOW R, DINCER I, et al. Thermal
Vehicles in Beijing) . design and simulation of mini-channel cold plate for water
PR cooled large .sized.prismatic lithium-ion battery[ J]. Applied
Thermal Engineering, 2017, 122, 80-90.
(1] PR, @Bk My E RIS 5B 1]. dmE™  [11] RAO Zhonghao, WANG Shuangfeng. A review of power
%5, 2013(5) ; 42-43. (GAO Qingyu, GAO Yue. Discus- battery thermal energy management[ J]. Renewable & Sus-
sion on pollution and treatment of automobile exhaust gas tainable Energy Reviews, 2011, 15(9) : 4554-4571.
[J]. Industry of China, 2013(5) ; 42-43.) [12] #%3F. KEGRVLBR TR R ARG [ D]. L.
[2] R KERSE PM,  ZHMER, ANEEE IR PEBH Tl K%, 2007. ( YANG Fei. Temperature calcula-
TRy PR INRTE . FgRe Bl FE“ICX T [T]. tion and cooling system design of permanent-magnet electric
= 5 35 24 77k, 2014 (2) ; 36-37. (XU Chenxi. The motors[ D]. Shenyang: Shenyang University of Technology,
relationship between automobile exhaust and PM, s is not as 2007.)
simple as imagined—the car: haze suspects are not the cul- [13] A3afl, sk—E B e pLe #1052 ATl R 2007 %
prit[ J]. China Strategic Emerging Industry, 2014(2) : 36— W[ 1]. B LR (P2 5 TR,
37.) 2004, 28(5): 664-667. (ZHU Kemin, ZHANG Yibing.
[3] Z=m, 8, 2R, % B EHRE SRS A study of cooled jacket and cooling method for a new type
Wit 5EE [ 1], #R %, 2013, 34(3): 60-63. (LI electric motor[ J]. Journal of Wuhan University of Technol-
Li, WEI Mingshan, PENG Fazhan, et al. Design and ex- ogy: Transportation Science & Engineering, 2004, 28(5) .
periment of a heat pump air-conditioning system for electric 664-667.)
vehicles[ J]. Journal of Refrigeration, 2013, 34(3): 60- [14] BENNION K, THORNTON M. Integrated vehicle thermal
63.) management for advanced vehicle propulsion technologies
[4] Hbefe. MR ERRGE IR LERATIR(D]. [R]. Colorado: National Renewable Energy Lab, 2010.
g, RIS K2, 2012, (QU Xiaohua. Study on per- [15] ZHANG Tianshi, GAO Chun, GAO Qing, et al. Status and
formance and control optimization of electric vehicle thermal development of electric vehicle integrated thermal manage-
management systems[ D]. Shanghai: Shanghai Jiao Tong U- ment from BTM to HVAC[ J]. Applied Thermal Engineer-
niversity, 2012.) ing, 2015, 88: 398-409.
[5] KISS T, LUSTBADER J, LEIGHTON D. Modeling of an e- [16] THFE. HIAITSWALMILEEIT[D]. K&F.: HHK

lectric vehicle thermal management system in Matlab/Simu-

link[ R]. Colorado; National Renewable Energy Laborato-

K2, 2011, (NING Qiuyu. Matching design for air condi-

tioning system of electric vehicle[ D]. Changchun: Jilin U-



F40%5 F2H
2019 £ 4 H

LTSN AR EAER RGBS THREHL

Vol. 40, No. 2
April,, 2019

niversity, 2011.)

[17] Efd, VFEAL, PREL. JET AMESIm B4l 3 i 4
RGBT ()] ERBT RS2 (A AR
fR), 2011, 29(5): 656-660. ( WANG Jian, XU Si-
chuan, CHEN Li. Optimized design of thermal management
system of electric vehicle based on AMESim software[ J].
Journal of Jiamusi University ( Natural Science Edition)
2011, 29(5) : 656-660.)

(18] A, SBAL, M7, 5. MEHORE BN e Tl

M2 RS AT S SBR[ T ] AL T2, 2016, 67

(W4 ) 2) . 340-347. (WANG Jian, GUO Hang, YE

Fang, et al. Numerical simulation of effect of heat pipe

cooling device on temperature distribution in lithium-ion

battery pack of vehicle[ J]. CIESC Journal, 2016, 67( Sup-

pl.2) : 340-347.)

T, MR, fIoRIE. 2 PV IR SR 3R

R (1], E#EIR 4, 2014 (6): 46-48. (YU

Huitao, LIN Ling, HE Rongguo. The application of multi-

[19

[}

loop heat management system in electric vehicles [ J ].
Shanghai Auto, 2014(6) . 46-48.)

[20] ROBINET K J, NETKOWSKI P D, HAAS R P, et al. Ac-
tive high voltage liquid cooled thermal management system:
20080295535A1[ P]. 2008-12-04.

[21] ZHOU P. Electric vehicle thermal management system:
7789176 P ]. 2010-09-07.

[22] ZHOU P. Electric vehicle thermal management system:
20100025006A1[ P ]. 2010-02-04.

[23] ZHOU P. Electric vehicle thermal management system:
7841431 P]. 2010-11-30.

[24] JOHNSTON V G. EV multi-mode thermal management sys-
tem: 20160107508 P ]. 2016-04-21.

[25] BIELACZYC P, WOODBURN J, SZCZOTKA A. A com-
parison of carbon dioxide exhaust emissions and fuel con-
sumption for vehicles tested over the NEDC, FTP-75 and
WLTC chassis dynamometer test cycles[ R]. SAE Technical
Paper, 2015.

[26] ARMREG. A= P ARIF X R G REL LT [ D], L
g, gl KA, 2008, (QI Zhaogang. Performance op-
timization of mobile air conditioning components and system

[D]. Shanghai: Shanghai Jiao Tong University, 2008.)

[27] ZFig7E. Al gl 4 AR it PR 20 25 3 2R GE PR RE T 52
[D]. P9% . PWHE@HAHE R, 2015. (LI Haijun. Stud-
y on performance of low temperature heat pump air-condi-
tioning system for pure electric vehicle[ D]. Xi’an; Xi'an
University of Architecture and Technology, 2015.)

(28] IR HLZh 42w D A8 BE K [R5 B LS P AR 4
MBS D], MR W JRUE Tk K2, 2010. (ZHU
Wei. Research on the thermal management of high power
density permanent magnet synchronous motor in HEV[ D ].
Harbin: Harbin Institute of Technology, 2010.)

[29] BEER. KR A SRR RS AR SITE D],
VEBH . PR FH Tl k2%, 2013, ( YAO Wang. Temperature
calculation and cooling system calculation of permanent-
magnet synchronous traction motor[ D ]. Shenyang: Sheny-
ang University of Technology, 2013.)

[30] BRFHIRAE. B8 73 g s il B A S ek [ D] Kb
KUPHIT K2, 2013. (OUYANG Chenzhi. Thermal anal-
ysis and optimization of lithium-ion power battery [ D ].
Changsha; Changsha University of Science & Technology,
2013.)

[(31] . alirs SR 4 B B v v 2 v 1A o8 A i S5 4
oA AR D] HR: BPRORSE, 2014. (LUO Man. A-
nalysis and optimization of liquid cooling heat dissipation
structure for EV lithium-ion battery pack[ D]. Chongging:
Chongqing University, 2014.)

[32] XU, AL LI TR R v ZIPERE 0T (D). b
W, I BE, 2016. (LIU Wan. Temperature rise
modeling and cooling performance analysis of permanent
magnet synchronous motor[ D]. Shanghai: Shanghai Dianji

University, 2016.)

BIEEEBN

W55, L, R A A T, LT R IR S IR T AR
24P, 13693060454, E-mail ; yefang @ bjut. edu. cn, B 55 5[]
Tt It BB IR

About the corresponding author

Ye Fang, female, associate professor, master supervisor, College
of Environmental and Energy Engineering, Beijing University of
Technology, +86 13693060454, E-mail: yefang@ bjut. edu. cn.

Research fields: heat and mass transfer, new energy.



