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ABSTRACT: The work aims to control the temperature of Li-ion batteries for vehicles, in order to ensure the safety and
reliability of EV during its use. Based on the maximum temperature, service life, and maximum temperature difference
of batteries, various types of battery thermal management system (BTMS), such as air cooling, liquid cooling, phase
change material cooling, micro-channel/micro-heat pipe cooling, and heating methods were reviewed and analyzed.
Compared with conventional cooling methods such as air cooling, liquid cooling, phase change materials and heat pipes,
and new thermoelectric cooling methods, BTMS based on micro-channels, micro-channel cold plates and micro-channel
heat pipes had more excellent heat transfer performance. It had become a feasible and effective thermal management so-
lution. However, BTMS had problems such as complex overall structure, inadequate research on heat transfer details,
weak practicability, and insufficient research on related enhancements for micro-channels. Based on the research of mi-
cro-channel liquid-cooled BTMS, researches on enhanced heat transfer and mechanical strength of the structure can sig-
nificantly promote the heat transfer performance and structural strength of BTMS and the overall system. It has better
temperature control effect on Li-ion batteries and improves the safety and reliability of EV.

KEY WORDS: Li-ion battery; BTMS; air-cooled; liquid-cooled; micro-channel; micro-heat pipe

Wi B EE: 2020-01-06
EEE M. £k (1992—), ¥, HE, T E2MAFTAARNALKB TR,
BEEE: 248 (1961—), ¥, LA IXRFHE, HF, T E2ARTOAHALKELAE,



Al 15

FIRSE: FLBIRG P T R AV B R SERE S 233 -

HaA%E (EV) YERFe R4 & R M i
RS AE, OB AR EEAFERM . i
% (BMS ) ( BMS % Fh S LR 48 (BTMS ) ).,
AL, 7o/ . BE SRR IAE, Hrf BTMS &
— T Ay L Rt AR IR R B R A P S AR T e
M REERG, #E R HEE/NGE T i
R PIE L, (A2 2 it 3% T N 2 e
gikg g, Ve BV sh U, BRIl A g
L =T VI S NG a i = R S N g
I EIR AR AL, B HATRIE A I E
fiaede g, AU ERA RIS M E Ty ],
HIZUUE T BV et vEEr . SR, A
DA KT REEE & R e D) By sz i B R, FElR
[l 30~40 °CH}, #5FH i AT E 1 eC, Hfdi A
FEamRE 4 60 d, FR TR ARG R T 2 T ARG
FER AR H i, SR AR IR B 5 5| & & ek
A, I BTMS AR RE A2 6 29 Y il &+ s it Pk
RERAE RN R, R BV SR MERE K 1%
OB e I AT 2k

1 BTMS #AR IR S

BTMS AR 405 1 B o 44 7 7 ff il 3% (R P BE G 52
Wi, 2R RS F R A P SL B | AR IR X, @
W RFEBT AR, #ESr FE AR Sh M bR E5 2 | f%
eE PR DL R S 2 2 R U S AL
SO 8 R R o Y 3 B IR T N = B aa o
AT | SRR A T8 S5 ) L, e S IR T
BT R R P AR A R 2 25 R 4P, BTMS E
TALREHGA | WAL SR ¥ 5 3 A FEIhRE . 1T
SR T = IR A X I 3 A 35 ek B X L S L b e
A T AN P B 00 T R R 7 P 3R 2 5 L R A T
JINERL B EE A P A R R 25 5, B L R —
T g PG M R e R TR RS Tk
(4 HL BE B £ 34 5] 200~400 W-h/kg , T F 4 K T 2000
W, CHREAREIA EV X ERBERNIETHER, M
TH A E | A A A, YR T
B A TARIR RS, R A R B
P28 G0 £ S R Tt R A IR B A 4

2 BTMS AR E

BTMS A58 £ AL 2 BRI N A HRES 7 Hi
PR K, ra B PORIBR I A ) & A LB, W5
R PERERE TR AR FE AR . AR RORT R ), JF il
X FE S FL T SN 1T S B SR AL AT A
PRE T RSN E T, Gl P B 1 e 2 R R A 2
L PR T R R B RS LU BTMS 1255
VT4 S U B FL U Y SR AL AT X B
A EHGE AERE R4 THIIFSE | 8 H 2 LU AR A 2 1 H

WA g A, A SSIAR /B A e A R AT
BT IR BT 10%, (H 2 FEAREE E 7 Ha it 25
TSR A B IR A o FL R T RS ST
RES!, (EAH DGR AT AEEA T o o S (X% /K% )
BTMS e AL (1 HEH A ol DA BE, ML 5 IR 5
I BTRYFABH N 0.035 mk/W 227, H BRI i
PRIPH— KT 10 mio/W, S A A8 i A v iy
R, PR R R s s A L e B
B R b PR RE T B T AR s X
BTMS 4544 B AL AL B35 AR SEE AR it 14 iz 2 2R
W B g N R X 2 S B iR AR

21 EFz=4AHKH BTMS AR R

S H (BTMS, ik AC-BTMS ) j& 54 EV
FH R S 7 H 4 00y b B e 32 1 — i, g R
fATBA . BAS BRI 35 R RUB BRUEE 2 i 25 <A
Jo R AR T T R R Bl , I RS A B e b =
AR, Xu AEPISR e i S0 A 5T R [ R 4 S T
AR A SR, A5 B R S H KO A AR AR
T EAGE, v XA R 2 A AR
WU B RS BT DA — 25 4 2 1 H it 4 1
PPERE; Park ZEUOLR HBUEDT FFSE T AR 2 S
TEBET X R s T A R sg ) (FE 72 78
3R 2 HERY P 2 (BB Y 37 AN EAR N 3 mm
(VS HIFETE ), 153078 KA 4L 0F 3 K sp o A e]
DLV R A HETE AT, TSPl R A AV AR, KU AE
FEM 47 W FREZE 27 W Jaura 2SR XU 1R E S
T2 2 3 AT R A T i Tt R A ) A R
Nelson Z" 58 0, R ] AC-BTMS 2 TGk ik 66 °C
FRAR B - Wb R BE PR 3] 52 °CLATR o 76 T M 45 °C
6.67 C L HLA% R, R ] AC-BTMS HF5% 18650 %4
BFHM R, Tie A s K, TR
TR Pl AE 55 °CLL R, Efdi ] AC-BTMS B, 7
FERAMRFUR AL . s | BB, (1 HH
IEER R N PE A, FRAR T 4 B 1 r b A 1) A

At a1,
22 ETHEMME BTMS ARER

FETHAE M RIE) BTMS, fiifk PCM-BTMS,
H PCM & —FI e E T00 R Al DL & A AR AR A1 KL,
Sz R AR I AT RV A IR S R, T AR B L
AT Il Bh N AR R AN AR (R RS DR T DL AR
RER VAR A 00 T HoA AR 1 & AE /1 . Hallaj 251
WS UE T PCM I T4 B 7 o b s sh s
HAGRTERTAITH . @iRA, PCM WIS 25 -H
= A G, AR I PORE R R AR Rk, KR
B, PCM AJ LA ) £ 2 - Ha e H DT S A B/
ith ; Sabbah 45X K L 4 B F LM AE 6.7 C T LA
Iy BIWF5E T F5 AC-BTMS Fl PCM-BTMS (1% 515
R, HEE R0 TAER B IAE] 40 °CRf, F3)



- 234 - (A

2020 4 8 H

AC-BTMS B.£4%%, i PCM-BTMS 1] — Ef {4 &4
BT HMAE 55 °CHY TARRE IEH 8175 Kizilel 25
ok, e R PCM-BTMS BEAFW 1, 2
B LI P A A B O SO R AL R AN IR B
IEAh, PCM fEAHAE s FE 2 K AR R R AR (b, 72 1
HNBIE R ) I 1 5 S AR, LA SO AS B nT R
FETER IR R, FHAS T PCM-BTMS 7£ EV HrR %
ROSF Bl 80 B 1 e b 2 A 07 R A B TR

2.3 ETHLAA BTMS AAR#HE

HEFWA XA BTMS, fjF#R LC-BTMS, Zif
ok BV R Bt 4 By = i B T SR Y
— R, ATor SRR RGO R R A 2 R, w R
LC-BTMS 1] 43 K [ % X LC-BTMS Al H & X
LC-BTMS., [H]¥4 T, LC-BTMS 24 Ui 18 4 VA4 18 21 571
TETRAARAE T8 /48 HI £ /¥ W55 I S 78 2 B - F Tt A
1 JE R AT R P00 B A I R A K
BTk . BRI . 2 . BEEE . 7. N
P 4 P W EIAOR BOR TR B T SIRAS | KGR | 4
DL R A, A SR e R A ST 44 H A R
AT FEBESM T2 KA, BR s LC-BTMS
JE VA 0] 5 4 S T A 2 R R AT B A B
Z5P BB AT Y S IS, Hd
WP A AR R B SR 4 5P B
LC-BTMS [Pl BE XM P4 4y, Tl 2 D ORS o 4% ol 76
1 °CLANPY, B HI AR S A St 28 R B et AT # e se i
i) LC-BTMS, R A# 5N LC-BTMS, 5 EV il %%
BT EFR R E3h3 LC-BTMSP 5 KA M,
VAR 2 AT T = A e R E, S — R 2L 5| T
Bk o Chen ZEPUILES Tomifil 2 <A H . WA
HI | TR AARYA ENRN B ARV HN 55 4 Fh v SR 1)
PTHERE . 15 3R 2 S8 5 2R T FE 2 HoAth
) 2~3 15, SRR, 0] H1 % —Fh o 4
MR, BEITR EV SRA 10 1 & BRI AE N
ModelS FY 2% LC-BTMS % 210 i), FExf Hitk47
T AT R R T R A A O 5 SR LA A R
K, HARRERL BV )2 T 0 5T 9 A T R

2.4 FEFHEBEHSH BTMS AR i#HE

WH BTMS 55— IR Bh 54 o HAR A 51
PGl Anfl XML . 58 2R G i il 23 /AR i 3h
BT HIA 8 (TEC) R40% 0 BTMS 2 4E %L
AR ES T b A R R, TEC B—FhIET Peltier
RGN JE B T & 1) [ S A ) 5 HAA T &R
GiM L, TEC BA Lisshifi: . KH&Fa . LHILE.
TN RN 24 AEE RORAR &S, E=
BN TR ERE TRl . 25 U8 R G LA K B Ak B AR A
AP BEE AR AR, TEC BZ#in AT A
A0 A 30 SRR By e, i 5 kA L (B UK

2 REBSHNS | YT . LED VL JRK
Ve AR R T g s o 2 TS A, TEC BIFER
N T BTMS ik, #okikZzEM, Hriok TEC 5
PCM %54 HF BTMS, ARG NFpish R4,
i BTMS WUBCR 5 ] 48 /22 4 P A B S 9T
751 o R SCHERIRIERY, 78 PCM £ 549 BTMS H A
TEC nJ LAfifi 431 5 1 Hi it 1) e s TR AR 5 7E 40 °C LU
T, FEEPMET 35 °C,

25 ETHEAR BTMS AR

A (HP) Pt —Fh BT IC 55t 50 1 K 3
RS e B #F BTMS H e JFIG . Ak
FEA . A R RIS (LHP ),
P % A ( OHP/PHP ). #AMT W45 R /N 8 #h 4
( MHP ) %, Swanepoel Z:CUE6IE T 8 MLAGE 7R 48 B
FEE R R A A AT 4T . Burban AR TR
[a] % OHP [ FH T HEV 4 B ORI T AC-BTMS,
Kim 255 i Fi (] i 700 ey e A 485 5 XU B ) 28
N AT BTMS it , ki 1 U m i
F AC-BTMS, Li PR L HIM (HPCP) X}
IS - R 2 AR R T R A TR I B BE R T F 5T
55307, 15 217E 8 C LA R AR T LRI [F 94
HEHIRmE T, HiH 0 BTMS # B4 B R
PEfiE . Rao ZEHE THOA 45 & HVE 1Y BTMS, Il
A, HFFE A BV B T 4 A R
FFBAEF= PR/NT 50 Wi, 4308 7 o Tth 0 o oo TR
Al fE 50 °CLLR .

2.6 ETHRUBER BTMS iRt

Wi EV R 2 Ha it 10 B AL 5 v 2% B fh Pk
K, HPRAARFU P S e R, R R R
75 G B R E G LA B TR b A TP, %
FRTF EV /hzs I RS, BN i 508 BTMS 45
ZH TR, BR S 7 ot A R R BRI 2
2~3 mm>®, HHLE AR N 5~10 mm WY RITEAE 5 R R
B R 1) A AN TS R B BTMS 114
FHESRB, O, Bk BTMS s iiie 5 5 2z
B S [ L, AZIUR e PR RE BT 4 . /K O ELAR /N HL
o B A P A T RO R

T A A R BOREE T I VR A, TRTAR B
PAF . Li ZEDUR B A HIOG B T E 4
P T RS T AR REUEAT THF9E, 5 2I7E 8 C 7t
AR R RIS [ A v 205 T SR T T BTMS 3
A R A RE s XIFRSRCIBR I T R i -
S (UMHP, B8 1 mm) T BTMS, x4}
iR RGE . RERE . ARAR TR M K SR AT TR
[i) B X 2L AR i 155 450 T 1A/ B P BB AR T S 58 B
5%, A9 EIE PR A RN 10 W, RN E
INTF 40 °C, FEFEIGEN 20~40 W BT, FEEE/NTF



Al 15

FIRSE: FLBIRG P T R AV B R SERE S 235

55 °C, ARIRZEAET 3 °C, TERAHA T RN,
BI7E 3 C S B AT T 1.5 °Clé,

o3 A R T A AR 7T, T A o e T A 4
TESHGHATIE, el IS 0 B IR
S A B TR T80 B AR 45 Jarrett %50¢)
3 AR ARV R A B R R I S Ve AR A
7 U TR AR e RE , Tk TR S AT, A
A2 1R A IAE 2880 B8 AFINA 20590 3t 14) A Y A0k S
FRO A B DTl R A T RGBT R 4 B
] R 2 A2 A Y AN BURR Jin SEPTHRHOIRIRUE T
— AR ) G T R M, RIRE GE T AT A E
WOXF e, S5, 7E 220 W AT 240 W 94
Ffr N, %455 0.11 min™' F10.91 min™' AYEHE, Al
ol 5 1 Y B R AR FRTE 50 °CLATR, WA EIIERE W
TR M E MM ; Zhao U i i fGE R FR . Bl
ST T Y 1) M I 1B V5 1 AN e O e 1 8
T A BOAMEREUEAT T BRI GY , S5 R,
MGEERRE KT 4, ADJRERERN 1 g/s i), 85
- F T ) B U EE A T 40 °C; Qian Z50%0@ it ol A8 ¥4
Moce: . A DR e . I ) R A A, A R
TER S AHEF ML TN, K BE B
B R IR AR 5 Lan S51Y0E T AR B
THMEE S T —FER BTMS ¥, RAZ4HEHGR
T O R S R U RICER T TR T B e R
BRI R 2%, P 0 G A A A AN TR T AR AR R B
%, & LA I8 AR 2 R SO A, Wang
VR T — ol el PR i AR 5 A A 2 BT YRR EAR
) BTMS , Jf-38 o S2 95 F 5 B 5T 1 AN [F 4 i ik
AHIM . Gl TE R AR 3C AL T A B EE
ghILRH Bl R A B ARGE B BN, A AT
REA FTHE s Li ARUAIRFSE T 40 IR G A K RA
FIA 5 B Xk 22 G A BB IR R MR, 4531 i AT R i
R 25 I A W 5 A 1R A % 48 o g 4 o
Malik 250k 40 B e 20 76 AR R R R R | (i E
ORI B2 S5 ST T3, &3 30 °CIY)
VAR o3 R TR S T L A P P I IR, R
AN 1~4 C W, B3R R R
25~40 °C; Cao MR AR B —E M E T
SRt 22 AMEH (3 5664 4 18 650 4 251 HL )
AKPEAT 2 C. 1 C 0.5 C Fo il f BRI S5, 15 )
T HEAMRMEA B, U T IR A AT EEE L Liu
LR B AR DU 5 T 2 TR T8 HP S 0 40 K SR
Xt 5 JZ A E T R M EIRACR, SR BN, 90k
R 1 40 AR F R A5 451 T K N 2 B IR
BV Bai R T — R T ARSI (PCS)
FIHOR S T V8 HI AR 45 5 1 BTMS , Dl g SR e, 24
/N 0.3 g/s B, i ol 8 ¢+ 2 AIE /b
TR 5K R PCS B HIMEREL Talik . 2
B il 2. AnTCR I BRI R B, TEIK

HLEUR 2 C IR BLT , 0 H it S ) — 2 R T R4 T
YRR IR A e KIRL2E /0T 3 °C5 Bl iE i
Y BT 2T LA R0t O B B S 1 b A E 3O B 1
AL X N A, it R 1 P BSOSO 9 486 L B
HEF R BN, A T AR A A P RE L, BE
HEIERKE ST, RERZIE R W, 4
I ARAE MO 3 B DX T, BT R RS, N
T VLI 4 AR v 500 AT AR BE , A B B RS Y 1
B, R ERITIRGE, W2 oME S ik e
77 LLSE R A e AR A

X SR A v 77 4 ol i e AR A , TRl T 2% K
T 2 M JEE A L T 1 v i s S B AT D,
T A S 28 s A2 8% 5 v 1 1 4% 790 BCAS 240165
NIOTARE: e o i e 1 S SO A 5B S i TR )
i AR USRI, TR Y v AR R AR A A P Y
KRR, S EE T EE R b B
A, S ECHAERE R WO B 2 AR
T BV BB KA HE R AT R BRARBIFE M O
TR Pl AR, LR BEARAE B R AR IRL v 704
Oy A T R A Y 2 TR P T R S T L T A A

3 BTMS m#AGTXARHER

TEARIR T, ol R 0 06 PE 9 R GRS 21
AR, H P BE R R 2 A Ak s o7 A S iR T G R, H
T 11 2 o o A0, 327 i) P A VRO 2 1) B4 im s 55 o 4
SR AR T RRAE, B ARY, HESI KB EV I
B Eh, ik, AEE EV 7R i R A AT SR RE
BB TR IERF M, X BTMS n#or s 1
ZERANT, BRI SR A I TAE R TIT

T A X R 1 e PO S T 5 R DGl B
VA, v T e oA, R sk
RAEFRME, LC-BTMS KT PCM-BTMS, PCM
KT AC-BTMSP, YE—@EMTH R, T BN
Brm#or=C, LIvRsh B B A mRee 71 A 2 .

3.1 WEBANEE

Hande F1 Stuart!® LR A (60 Hz ) FIE
(10~20 kHz ) 229 B ELH2 0T R Bt Al Ni-MH HL
Y E AR R T AR AT, A5 3 2 Aoy S eT LU L
AP NKE—40 cCRYHL IR ZE 20 °C. FESLER T ALHL
R4 0.4 QI in#heel il A—20~20 °CHT 75 ] A 54 s
AHEC T B B 3, S8 I E Ty =T DU R
NI e SO 3y ] I S A < = = LA O (AT
Tk

3.2 SMERARERE

PSR MR T A s R L LA
PCM I SR . BV A 2K D S8R o 4



- 236 £l %% T 7%

2020 4 8 H

DA B AR 3 A/ A5 iy sRP0L L 5 i Ak
HIH, SNSRI 2 4 H A 5 5B, Zhang 25!
T 75 B FH 245 76 25 18 2R 48 % 4 3 1 o st 0 A B3
e, AR TEF A TR AT A A R, HTE
WEALT 5 °CUA TG, MARE BN, T 2H
¥ F 3o . Rao Z5B4% PCM #E47 (7 E
BEWFSY, 153 BIAE TOLIRBE A 45 °CHY PCM Hn#A ra, i
(=30~10 °C) Jrifs i [EEAH [ 451 T 25 500 20%;
AHAE 2R 2, BN & IR B I
WERAOKAE | kA SRS, R AR . Alaoui
SRR RN BT T L sh U R 4, Of
£ SAMEVIL I, X 4248080 B 7 H it R4 7 m #4am3aL
9376 [ @ B8 T.00 (17 °C . B 4 AL F[A] 20 min )
mF, E AR EEE ETFE 29 °C, BEHEAEAYHb
UK 5.4 kC; Wang 2505458 1b i U 5 1018 A 45
AR, FELHIRE -20°C, BHSN 14 h Y54
X ESEATAESY, A5 E RS FE N IR 43R 20 °C
H1 40 °CH}, A 43 HI7E 5 min F1 20 min PREEEES 71
I B M —20 °CHnFAE] 0 °C,

4 L5k

H i [ A 4% BTMS #4717 KRR A5 TAE,
FEIAG T — LR MR, (EAKARAFE R Z A BT
Boga, FEEEN BTMS BIZ5 MR EFRA L, M
WA N T BTMS 13 Ak 24 0 BF 78 S IR A,
BTMS HAR (9 iV AT 52 A FRitE— 20 iR 1k, DL
T BTMS A7 7 58 36 1 B 5 HAOR 259 7 55 (] 21

AR TR R 258 L W% L RS MRS S AR
Hr A SO R R A S5 20, TR
THGE I R WOEE AR BTMS B T AL 3 bk e
573 (AR RE . VR 2 WFIT ¥4 T 0 18 e 32 5 HAth
I R 2 T8, 6 A far it — 25 sk AL G E 3 S
B ABFFEART L A o X2 BB BTMS A5
YIER s IR 5 5 7% | B AT BF AN TR L SEFIPEAR
553 LA KB R 0 T Y AH DG SR AL T AN 2 S ], PR
I, XHECEIER AR BTMS #1750 IR A K584k i
BT | 5 A G R A 7 20 PR 5% A S e i s 5
PERF SR AT T o BEAN, TIOR3 4% il 3 T 7 1)
SR AN T RN B Tl B R K, SN Y
BTMS ¥ AR AR & X2 BTMS HA Fark
(=20 %), FEMDSRPCREFMA, FHAAK
A B4 A FH B A AR A O ST 295, T 3 An sl
R

SE -

[1] LI Y, DU Y, XU T, et al. Optimization of Thermal
Management System for Li-ion Batteries Using Phase

Change Material[J]. Applied Thermal Engineering,

(4]

(5]

(6]

(7]

(8]

[9]

[10]

[11]

[12]

[13]

[14]

2017, 131: 766—778.
PESARAN A, SANTHANAGOPALAN S, KIM G H.
Addressing the Impact of Temperature Extremes on
Large format Li-ion Batteries for Vehicle Applications
(Presentation)[J]. Office of Scientific & Technical In-
formation Technical Reports, 2013, 38(7): 3797 —
3806.

XFETE. SRS e i 3R 4 i T ARV B R e b
K ARBED]. )M ERELT R, 2017 1—
221.

LIU Fei-fei. Research on the Application of Micro-heat
Pipe in The Battery Thermal Management System of
Electric Vehicles[D]. Guangzhou: South China Uni-
versity of Technology, 2017: 1—221.

WU Wei-xiong. A Critical Review of Battery Thermal
Performance and Liquid Based Battery Thermal Man-
agement: A review[J]. Energy Conversion and Man-
agement, 2018, 182: 262—281.

WANG Z, LI S, ZHANG Y, et al

bon-functionalized Graphene as a Lithium-ion Battery

Oxocar-

Cathode: A First-principles Investigation[J]. Physical
Chemistry Chemical Physics, 2018, 20: 33—52.
SMITH J, HINTER B, ERGER M, HABLE P. Simula-
tive Method for Determining the Optimal Operating
Conditions for a Vooling Plate for Lithium-ion Battery
Cell Modules[J]. Journal of Power Sources, 2014,
267: 784—792.

RAO Z, WANG S. A Review of Power Battery Thermal
Energy Management[J]. Renewable and sustainable
Energy Reviews, 2011, 15(9): 4554—4571.

STUART T A, HANDE A. HEV Battery Heating Using
AC Currents[J].
129(2): 368—378.
XU X M, HE R. Research on the Heat Dissipation
Performance of Battery Pack Based on forced Air
Cooling[J]. Journal of Power Sources, 2013, 240: 33—
41.

PARK H. A Design of Air Flow Configuration for
Cooling Lithium-ion Battery in Hybrid Electric Ve-
hicles[J]. Journal of Power Sources, 2013, 239: 30—
36.

JAURA A K, PARK C W. Battery System for Automo-
tive Vehicle[P]. Google Patents, 2007-02-08.

PAUL NELSON, DENNIS DEES, KHALIL AMINE.
Modeling Thermal Management of Lithium-ion PNGV
Batteries[J]. Journal of Power Sources, 2002, 110(2):
349—356.

RAMI S, KIZILEL R. Active (Air-cooled) vs. Passive
(Phase Change Material) Thermal Management of

Journal of Power Sources, 2004,

High Power Lithium-ion Packs: Limitation of Temper-
ature Rise and Uniformity of Temperature Distribu-
tion[J]. Journal of Power Sources, 2014, 182(2): 630—
638.

FAN L. KHODADADI J M. A Parametric Study on



Al 15

FIRSE: FLBIRG P T R AV B R SERE S - 237 -

[18]

[19]

(20]

(21]

(22]

(23]

(24]

[25]

[26]

Thermal Management of an Air-Cooled Lithium-ion
Battery Module for Plug-in Hybrid Electric Ve-
hicles[J]. Journal of Power Sources, 2013, 238: 301—
312.

HALLAJ S, SELMAN J R. Thermal Modeling of Sec-
ondary Lithium Batteries for Electric Vehicle/Hybrid
Electric Vehicle Applications[J]. Journal of Power
Sources, 2002, 110(2): 341—348.

RIZA KIZILEL, RAMI SABBAH, J. Robert
SELMAN. An Alternative Cooling System to Enhance
the Safety of Li-ion Battery Packs[J]. Journal of Power
Sources, 2009, 194(2): 1105—1112.

DAVID R. PENDERGAST, EDWARD P. A Recharge-
able Lithium-ion Battery Module for Underwater
Use[J]. Journal of Power Sources, 2011, 196(2): 793—
800.

DEES D W, BATTAGLIA V S, BELANGER A. Elec-
trochemical Modeling of Lithium Polymer Batteries
[J]. Journal of Power Sources, 2002, 110: 310—320.
MOTTARD J M, HANNAY C, WINNANDY E L. Ex-
perimental Study of the Thermal Behavior of a Water
Cooled Ni-Cd Battery[J]. Journal of Power Sources,
2003, 117(1/2): 212—222.

1535 fH. 3T Ansys Workbench12. 0 BB R £k 41 5l
LR B S R ST D). T B R E IR (TR EOR
fiR), 2013, 28(1): 51—S55.

FENG Jing-yang. Research on Temperature Field Cha-
racteristics of Lithium-iron Phosphate Power Battery
Based on Ansys Workbench12.0[J]. Journal of Qingdao
University (Engineering Technology Edition), 2013,
28(1): 51—55.

CHEN K, LI X. Accurate Determination of Battery
Discharge Characteristics-a Comparison between Two
Battery Temperature Control Methods[J]. Journal of
Power Sources, 2014, 247: 961—966.

WANG Q, JIANG B, LI B. A Critical Review of
Thermal Management Models and Solutions of Li-
thium-ion Batteries for the Development of Pure Elec-
tric Vehicles[J]. Renewable & Sustainable Energy Re-
views, 2016, 64: 106—128.

ZHU D, MATHEWS J, TAENAKA B. Method and
System for a Vehicle Battery Temperature Control[P].
Google Patents, 2005-02-07.

HUANG Q, LI X, ZHANG G. Experimental Investiga-
tion of the Thermal Performance of Heat Pipe Assisted
Phase Change Material for Battery Thermal Manage-
ment System[J]. Applied Thermal Engineering, 2018,
115: 573—583.

LIANG J, GAN Y, LI Y. Investigation on The Thermal
Performance of a Battery Thermal Management Sys-
tem Using Heat Pipe Under Different Ambient Tem-
peratures[J]. Energy Conversion & Management, 2018,
155: 1—9.

HONG S, ZHANG. Design of Flow Configuration for

[27]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

(38]

[39]

Parallel Air-cooled Battery Thermal Management Sys-
tem With Secondary Vent[J]. International Journal of
Heat and Mass Transfer, 2018, 135: 507—521.

E Jia-qiang, HAN Dan-dan. Orthogonal Experimental
Design of Liquid-cooling Structure on the Cooling Ef-
fect of a Liquid-cooled Battery Thermal Management
System[J]. Applied Thermal Engineering, 2018, 132:
508—520.

XIE J, GE Z, ZANG M. Structural Optimization of
Lithium-ion Battery Pack with Forced Air Cooling
System[J]. Applied Thermal Engineering, 2017, 126:
583—593.

MATTHIEU COSINER, GILLES FRAISSE. An Expe-
rimental and Numerical Study of a Thermoelectric
Air-cooling and Air-heating System[J]. International
Journal of Refrigeration, 2008, 31: 1051—1062.

YAN J, WANG Q, LI K. Numerical Study on the
Thermal Performance of a Composite board in Battery
Thermal Management System[J]. Applied Thermal En-
gineering, 2016, 106: 131—140.

SWANEPOEL G. Thermal Management of Hybrid
Electrical Vehicles using Heat Pipes[D]. Cape Town:
Stellenbosch University, 2014: 1—167.

BURBAN G. BURBAN V, AYEL A. Experimental
Investigation of a Pulsating Heat Pipe for Hybrid Ve-
hicle Applications[J].
2013, 50(1): 94—103.
EUGENE KIM, KANG G. SHIN LEE. Real-time Bat-
tery Thermal Management for Electric Vehicles[C]//
2014 ACM/IEEE International Conference on Cy-
ber-Physical Systems (ICCPS) ACM, 2014.

LI Yi, CHEN Y, JIANG Q. Performance Assessment
and Optimization of Seepage Control System: a nu-

Applied Thermal Engineering,

merical Case Study for Kala Underground Power-
house[J]. Computers & Geotechnics, 2014, 55: 306—
315.

RAO Z, HUO Y, LIU X. Experimental Study of an
OHP-cooled Thermal Management System for Electric
Vehicle Power Battery[J]. Experimental Thermal and
Fluid Science, 2014, 57: 20—26.

JARRET T, ANTHON Y, KIM II YONG. Influence of
Operating Conditions on the Optimum Design of Elec-
tric Vehicle Battery Cooling Plates[J]. Journal of Pow-
er Sources, 2014, 245: 644—655.

JINL W, LEE P S, KONG X X. Ultra-thin Minichannel
LCP for EV Battery Thermal Management[J]. Applied
Energy, 2014, 113: 1786—1794.

ZHAO J, RAO Z, LI Y. Thermal Performance of
Mini-channel Liquid Cooled Cylinder Based Battery
Thermal Management for Cylindrical Lithium-ion
Power Battery[J]. Energy Conversion & Management,
2015, 103: 157—165.

ZHEN Q, YI M. Thermal Performance of Lithium-ion

Battery Thermal Management System By Using



+ 238 -

(A

2020 4 8 H

[40]

[41]

[43]

[44]

[45]

[46]

Mini-channel Cooling[J]. Energy Conversion and
Management. 2016, 126: 622—631.

LAN C, XU J. Thermal Management for High Power
Lithium-ion Battery By Minichannel Aluminum
Tubes[J]. Applied Thermal Engineering, 2016, 116:
563—573.

WANG C, ZHANG G. Liquid Cooling Based on
Thermal Silica Plate forBattery Thermal Management
System[J]. International Journal of Energy Research,
2017, 126: 622—631.

LI Yimin, QIAN. Thermal Performance of Liquid
cooling Based Thermal Management System for Cy-
lindrical Lithium-ion Battery Module With Variable
Contact Surface[J]. Applied thermal engineering: De-
sign, processes, equipment, economics, 2017, 121:
470—4381.

MALIK M, DINCER I, ROSEN Marc A. Thermal and
Electrical Performance Evaluations of Series Con-
nected Li-ion Batteries in a Pack With Liquid Cool-
ing[J]. Applied Thermal Engineering, 2018, 129:
472—48]1.

ZHAO C, CAO W, DONG T. Thermal Behavior Study
of Discharging/Charging Cylindrical Lithium-ion Bat-
tery Module Cooled By Channeled Liquid Flow[J]. In-
ternational Journal of Heat & Mass Transfer, 2018,
120: 751—762.

LIU H, EZE C, ZHAO J. Investigation Into the Effec-
tiveness of Nanofluids on the Mini-channel Thermal
Management for High Power Lithium-ion Battery[J].
Applied Thermal Engineering, 2018, 156: 523—533.
BAI Fan-fei. Investigation of Thermal Management for
Lithium-ion Pouch Battery Module Based on Phase

[47]

[50]

[51]

[52]

Change Slurry and Mini Channel Cooling Plate[J].
Energy, 2019, 64: 1092—1101.

AN Z, SHAH K. A Parametric Study for Optimization
of Minichannel Based Battery Thermal Management
System[J]. Applied Thermal Engineering, 2019, 154:
593—601.

HANDE A, STUART T A. AC Heating for EV/HEV
Batteries[C]// Power Electronics in Transportation,
IEEE, 2002.

STUART T A, HANDE A. HEV Battery Heating Using
AC Currents[J].
129(2): 368—378.
JI Y. WANG C.Y. Heating Strategies for Lithium-ion
Batteries Operated From Subzero Temperatures[J].
Electrochimica Acta, 2013, 107: 664—674.

ZHANG X, KONG X, LI G. Thermodynamic Assess-
ment of Active Cooling/Heating Methods for Li-

Journal of Power Sources, 2004,

thium-ion Batteries of Electric Vehicles in Extreme
Conditions[J]. Energy, 2014, 64: 1092—1101.

RAO Z H, WANG S F, ZHANG Y L. Thermal Man-
agement With Phase Change Material for a Power Bat-
tery Under Cold Temperatures[J]. Energy Sources Part
a Recovery Utilization & Environmental Effects, 2014,
36(20): 2287—2295.

ALAOUI C, SALAMESH Z M. A Novel Thermal
Management for Electric and Hybrid Vehicles[J]. IEEE
Transactions on Vehicular Technology, 2005, 54(2):
468—476.

WANG Q, JIANG B, XUE Q F. Experimental Investi-
gation on EV Battery Cooling and Heating by Heat
Pipes[J]. Applied Thermal Engineering, 2014, 26: 43—
53.



