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Abstract

In order to promote the sustainable development of the ecological environment, the development of
new energy vehicles has become the consensus of all countries. Compared with traditional vehicles,
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the longer charging time restricts the further promotion of new energy vehicles. Fast charging is the
key technology to solve this problem, but the large rate of charging and discharging will make the
battery generate a lot of heat in a short time, which puts forward higher requirements for the bat-
tery thermal management system. This paper introduces the heat generation mechanism and model
of lithium batteries, summarizes the research status of battery thermal management under the con-
dition of fast charging of new energy vehicles, compares the advantages and disadvantages of air
cooling system, liquid cooling system, phase change cooling system and heat pipe cooling system in
large rate charging and discharging, discusses the development trend of various thermal manage-
ment systems, and analyzes and points out the problems that need further research in thermal
management of power batteries under fast charging conditions. A thermal management system
coupled with multiple heat dissipation methods is proposed to improve the heat dissipation rate of
the system while maintaining the temperature uniformity of the battery module.
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Figure 1. Sales of new energy vehicles in China from 2013 to 2022
1. 2013~2022 K EFELIRAEHE

B 5 A S A EE B RE R TR AT, FBCR ARSI AT, BN 2 T HL A A
1, AERAR B 7 r oo iR T BBURR 6] [7]. Zhao S8 A[S]AIFFT R I, 7E 30°C~40°C i) LA IR Z Vi
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W, BRI 1°C, Fdratid 2 AN H . RJEAH 1) 18650 HLMLTE 45°C FHH 800 X G 7 Bk
T 37%, fE55°C FG¥F 491 WK, ZEEAIRHEIT 71% [9]. R 7E BRIZE 78 F A H b 2 76 A sf TR R TR =
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U FL A B ZR IR BT HEAT I LR 2 A R BRI AR TBCR, IR A N BRI FAT T & P
7 RORER A . ARSCNPGETS A R, A2 TR b P AL R R, S 3 S R A
PREORAE RIS S T IR HEAT 55, SHEE T BLAE BRI SRR IR, AR N RS %,
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L EE ) PN B S R R AR IR B A Bl an B 20 1 3 i, AR TRl IR AR . RSN SRR 2L K
LB IE A B R R FRRR BRI B IR AR, SO MR A SR [13]. b E R BT R, LT
MIEARIA R R, T2 AR 2 I R T R N B AR AR, CRORIETE . SRR R H A ST, A HL R
HeFEREB T IERB B, RBEERENESZ MR B LA, HIbrE s
AR A K ENE[14], AERIR R ZAIEIA T A it 7 5O A 2% S = A I A
SONEHR Qps FELAR HL AT i B A bt b B 4K 77 A (AR AL F Qps  FRLVALIER Sk HL b P S B A AR 7 A ) AV
R Qps MME AT I R ARV B S R AR AR, BRI Qg [15]. BB T R B A v Q
Al A (L) 5

Q=Q +Q, +Q; +Q, @

Horpr, BB T 5 EEEUD, —RBIE AT, BRI, R R R A A A R
I TR N ORI T, A ANRE S B R, b 51K — RPNEBEI RN, 0 SEN BRI, FAR I i R
B2, IEARAPRR I, IR GORASRNS RS, SRR AR SR A TR S A, S R R Y i 22
4 VE[16]

Figure 2. Internal structure diagram of lithium-ion batteries
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Figure 3. Internal lithium ion migration diagram of lithium batteries
B 3. BN RS IR E

2.2. B AR

Bernardi 25 AT 1985 S 7 M R AR T E A, BHEIT 2 T8 B AR Gl R 15 [17].
%A BB — M RaE B S RE, RS RR 2R A SRR A, R SRR
W0y BRI R I, Q)T

OU e
Q:||:(UOC _U)+T6—Ti| (2)

ﬁ¢:yﬁz@@m,A;mwﬁ@mﬁ%%ﬁ,v;uﬁ@mz@%ﬁ,v;rﬁ@mﬁg,K;%$£ﬁ

e A LS /¢
N TR, S (Uge —U ) B2 W] DARI 78 0 FL 35 P9 B R AR 5 AR R K (3) :

Q:I{IR+T8(L;%} (3)

Arfr: R OWE UL B 6 PO BRI PIPELZ L Q.
3. B IR FERT B R

I FB AR AR e AL L TR 2 8~10 /NI, DN TR AR, IREVREMERIETIR H SRR
FHEAR. HTREMEE G RRREPER B G—triE, R G T2 (The Society of Auto-
motive Engineers, SAE)¥f ELUL 7S FRLIE BERI = NER[18], 14 1 For, Hrp 2 =JbrdeflE, 7E-+7r%h
PN LV 75 5 (State of Charge, SOC)M 20% 7 FE % 80%, [AI 75 B 7o Il %A £ 3C LA b, HKAFHR
FEI LA F b L AR S N (R Py P AR KR AR . Mei 25 A [19]48 HE, 7E 2C Al 4C 1 PUs s i i 56, Al
AR A ik 0.18 MW/mE AT 0.4 MW/m? f#E . Lai 25 A\ [20] ) SEZEA8 s it HEAT 1 WF 5T, R IIAE 5C
AR, BORFEATIL 0.35 MWIM®. Ye %5 A[2118F 7t 1 —FikoiR A st 72 8C 1355 78 FLI (72 44,
R ol Z T A F 0.80 MWIM®, #5 LA 8C fi5 32K it 75 HL 25 10006111 AN AE A IS V4401, By I BEKE A 20°C
THZE 154.4°C, TEPUHE T HL KR H b B GERRTE 22 40 B DB BRI R ) 2 s AT B R E 2.

TEEE TAEAME T, — e RmRE LR 50°C, BERpRZERT 5 CIEN B h B R R R
i, DA IE PR AR S R] F P AN 35 5] Fe L [22] o« IR BRI T, K 2 B R G AR T T BT 2R,
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Table 1. Classification of DC charging levels
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i3[23].

4.1. BEAHRG
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Figure 4. Two flow channel structures for air cooling
B 4. Z2RRARAMITIE LN

Sun [2518F50 1 K 4 HR TR Z BOXGE AT U BYXTE 174 H I RE, S5 RER, 5 U RKUEMEL, fH Z
R T DL BRI XU Hh s SRR AR AL, k) RV AR 0 R 1 g B AR R B 25 5 . Wi [26]48EH £ B bR
Ak ik, ot U B B R SE, DllihlalEE . ESE AR . RN AR E . E 2C BRI
WTF, BENRG R EIEERE 38.2°C, HZEM 453°CHILT 0.3 CEl T RIFHIA IR . Xie [271%%
I SIS AL T U BUAE B R IR H A A XUTE B T LT B R . T8 TR A
AR R MRt 5 S H0 AT Tk, Bk, IO N 25T, Bl i, M4k it i iR
FER R GRZZ  AIFER T 12.82%F1 29.72%. ARG H S [SAE R, WH R ALK, Wang
G[28] K z BEE, W 5 Fros el P BB, TR AR . B A B AR R
oM. ERRE, SOl MBS R ZAHLL, ABURAD T 4.87%, Sk E N 36.67CRE A 34.43C,
{EREA AR 20 m T 5°C. FRFTC5[29]7E U AU Z RV (O 3EmE |, R0 7 | BUgE R iE, i 6 .
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Figure 5. Z-shaped air duct structure with added spoiler
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Figure 6. | type air-cooled battery thermal management system

E 6. 1 BIRUS BRI EE RS

BRI RIB AT, DRA RG] ARG TRE ., Hlh TSR, HANMRE —
SE SR PR, I DL S R R, S R G DURIE Bt 41 2 A AT [21] . SCHk 24 AR A,
BLIRBIAH FIRGARCR, S A BT R 1 B s F A A 27 K 2~3 £, MURA 5 HAh 5 RS A A
RYUEm s 0 43 218 HI[30]. Zhang ZF[31]4H 1 —Fiokemi 25 U A 5 #VE FH 45 & 10 s it P i 1
RG——WHIRA, WE 7 FR. PRI, 16 3C BUEAM T, ZRG S AT 1R Fs 8 R 15
B RGMEL, 5 5 I B R E R T 20.97°CHI 12.67°C, i N 36.27°C, (Hig KR ZETIARIE
BT SCHIZR. I, AR RGNS AR AT 1B b 75 3 — Bk .

4.2. MIEARERS
WARA S —F T Z N EmAE TR, BRimERTWEFR TS EV. Ll R DM, Fiih:
Roadster ZEER7E A8 A R 40[32]. SZEME, & WHIBARAEFIWK. 2 "8 - KIBEHRRERGEE

I AR LI o AR A J0RT DUSE KRR FE AR MR P, DRIF R GEIR I Sk o ARSR A 2
5 At LR, A BORA ELRA MR A 2 00 -
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Figure 7. Fin wet, cold, and hot management system
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(A4 R B e A V1R 3 7 58 2 (WA 9E[33] [34]

B4 RG TR I A S H BN A N RS, H4WwE 8 fx, @il A 5
R AIR A EEE P o MBI TE R Th 2R 70 5 f T I #VES BT 90 2 AR P HIVRRI 28 . A R &
A HRAERIE T . Jin ZZ[35]JF R T —Fas R MAGEIE R A A B R, HEBRGENRTAaEEE
AW ARG, LWsE R LR 1240 W I, 0.1 L/min 7 50707 848 f it 5 A#id 50°C.
Siruvuri Z5[36]% it T —Fh LKA HFI AT AE LB IE A R G, I R T P ) T A Ok 4
FIZHIZ AT I IS, 20 B 5C A5 % R A EIRIR & I A S5 S H00) s 4 IR B o A (e, RSk
b JE K R B v IR PR T 19.69°C o Amalesh [37]XFLL T 7 FlA i 7E FEL it DL 3C 38 2 735 FL A (1974 B 5UR
WP 9 FIT7R - 45 R BH, KT N 0.1 mis i PR AL VA MR AN 2 - T ¥4 DR BE 8 10 il FL &85 AR P 5 30 RS 2 ol 45 38°C,
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PV 30 R B KT 22 PR I E 30°C A 5 C LA N o AR 1B HL T, IR v] LA 7E 60°CLAF,
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Figure 8. Design structure of indirect liquid cooling
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Figure 9. Cold plates with different design structures
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TN IXFPFIRIR AR, AR TR RGN AR, 24 siiii, 5E K%M, 7 5C
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Figure 10. Thermal management system with inserted insulation interlayer
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Figure 11. Microchannel liquid cooling system
B 11 MBiERARS

Figure 12. Microchannel liquid cooling system
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Figure 13. Structure diagram of phase change material cooling system
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Zhang S5 [52 K A SR G, IREAHEM B SIRE. SRR, WRET - AR R R
() 22 G5 Al DA 2% PR FEL VB A AE B 78 i R ITELE, 5C RN, M iR E N 47.56°C, i
7 B — FH AR A Al 1 F b 4 i e T N 54.12°C o X ZE S [S3]I B 1 AN R i & b A et A A R A AR
75 30°CHI 35°CHIMUATERE . G5 HRKH, HHERG MAE B RGTEIREE & & 5t 56.4%H0] S8
Hef. Hussain Z5[5410F 70 T MR SAHEM RIS & IEARCE, BFEa RRW, SaitiBrEELt,
P A s A5 A AR R A T 2 0 HL Tt R TR, B PRI 31%. S0 A it M A8 i L JRS F1 I AL, — S S R LY T
AP A AR AR EME N SCEEARE, DU S A iR . Zhao SF[S51K Al 5K A
BIRA, FIHEZSRBAHEAEMREREL. &RR\EKASRESEN 16%E, A HEMEL
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N 5:2:3 L ET B AR K. AT SRR A SRR R T L R A SR . SRR, HITE 4C fF R
TR iR R 33°C, ML AN KR ZE R 1.4°C.

AR RS HA B iR g Aok, TLAA ROIR T RG24t . Gu Z5[57]7E Z AR R i
TR KA B B T i AV B R S, S EUAVEREEDR B LR, IR TS T HIbAE B RS
Hig, HEWEWE 14 frs. Faizan 5 [58]K & & MM BRSBTS &, WKl 15 Fios, o7 RLScHlg
TBLRAE 8C JBUEAMR 2R R IR G AE B IRIEE MM B BIEE THMF I TR, —MEEE
RS A 0 A G 1) ¥ AR A JETE FML 2 TR], 59 — RS 4 2 G AR AR ), 2 E b R [l . &5 SRR
PIRRVE B A 51 R Gl mT LK i il iR PG 3 50°C [ 22 e Ta X .

4.4, HESED

PERHEARIE TR T b AEE o, SRR ARG AR, BAERERR.
YA AN Gt 5T HlIE . BaKSI R, EAR. T AT, RRIRSEAUEA 1 2 MR [59].
Mullet ZE[6018 I AE AR, B0 T RRZERUZ R BIHER BT Wang SF[61] 3T H —Fp 5k TP AR JAGE 1)
REHREZS SRS, ATA B0 2 ST In# . AVE BGRB8, ATTT AT LA BE 70 3 1 ) FH A% A HT
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Figure 14. A battery thermal management system combining phase change cooling and air coolin
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Figure 15. Thermal management system for phase change materials and liquid cooled coupled batteries
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Figure 16. Structure diagram of heat pipe cooling system
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B, AAVEVS JIRT DA 2 i B DL 8C i SR TR HLIN T AR I G . Wei S5 [641R M 1 “ =R 7 sUIVIE B R 4,
FE B AT BRI, WIE 17 BioR. WFAE T AR EBIK - ZEERE A BB ERE, WRUARIE 784 43 i)

DOI: 10.12677/mo0s.2023.126485 5347 RS () 3T


https://doi.org/10.12677/mos.2023.126485

NERIE

s

&

[

H 30%. 40%. 50%. ZERFIAK - 28R 1:1 5 1:2 IR A, TSR N 30%0T, HEjth P 235 1 AT DLy /e
46.2CLLN, RGABRIFMERELSIN, REIRZERN 1C~2Co FHIE[65]K AR ] T B 48 X B ith 41
BEATA D, FAERJE B ] 18 fis, X P AVE AL TG IVE T A B3R = R SR ESI SN, IKRS
ST . Zhao FF[66]BLTT T — R HVE SHHAM B G I VE LR G, TEAHF AR N RVA AVE B R G0 i
Kl FELRFFAE 50°C LA TR A LA R ME B R AT K. 5T EARR R EL,  ARAR B iR 22 PR AIK
33.6%, TTKF BVER R ANAR AR E— 5 5 22 FAMK 1 28.9%. Liang Z5[67] WA HISEIS TN T, R TR
[FIPREEUR B . AN IR EN AR « ¥4 A AL AT e FA %R I At B I o 098 T R [R5 A 20 A RICR,

HIFE ALt O 2 AT BUAVE Mg AT, it R BUE )R, VE R EI R GTTIRIZAT

DRGKR SIS IA], PG4 R R SRE

SRR

plug-in OHP

Battery pack

Figure 17. Schematic diagram of plug-in pulsating heat pipe thermal management system
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Figure 18. Schematic diagram of heat transfer principle for flat heat pipes
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Table 2. Comparison of battery thermal management methods
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