N N N 1
R ERBFAREN NBMAEERPHNAMRER
REIA T R BRBEMEAE " AR mER T REBE ' SR sk’
RERE® B
(1 IR FFRSREARN HITEFRSRERRERIEE MM 310027;
2 ZRRESHEAREFNLEEREALRE MTEHIHRKERATE HM 310023;
SIERITWARFRUEASTHHREEMEALIRE ERASHERBILETERSIEE JL 100124)
W OE ARG R AR BB R . B R SR W T SR R, AR
A Fh s PR T8 2 5 o £ 7 P AL B RS2 B L. 30 7 PR BT TR R P B30 08 T8 i o, S e
R BUREAS HE RS TE A R . B A R R, A0HT T IS F e Al O B DA B SR PR AS  t
PRGOS (R RAE, JICHR T RIS B i A B R G B B (LSRR b, SRAISRR T Witk
W18 S A B R 8 AT T A E SRR 1 R B ST SO R, LA AN B BB B dz Atk
BRI . SRR T 30T R AT PR SRS M LA T F R (93 1 5 B4 7 o
LAyl RILHVEEL BRI AR B
hE S-S TB6171;TMI12;TQO51.5 SCHRFRIRES: A
The State of the Art of Immersion Liquid Cooling Technology for

Power Battery Thermal Management Applications
Zhu Jianjie! Zhuang Yuan! Ouyang Hongsheng®? Lu Yongjie! Yan Yuhao!
Wu Xilei' Ye Gongran! Zhang Cancan® Wu Yuting® Han Xiaohong!
(1.Institute of Refrigeration and Cryogenics, Zhejiang University, Key Laboratory of Refrigeration and
Cryogenic Technology of Zhejiang Province, Hangzhou, 310027, China; 2.State Key Lab for Fluorine
Greenhouse Gases Replacement and Control Treatment, Zhejiang Research Institute of Chemical Industry,
Hangzhou, 310014, China; 3. MOE Key Laboratory of Enhanced Heat Transfer and Energy Conservation,
Beijing Key Laboratory of Heat Transfer and Energy Conversion, Beijing University of Technology, Beijing,
100124, China)
Abstract The battery thermal management system is a very important component of pure electric vehicles. With the promising
application of liquid immersion technology in the field of electronic equipment, its application in battery thermal management
systems has also received increasing attention. Power battery immersion liquid cooling technology is to directly immerse the
battery in an insulating fluid and remove the heat from the battery through convection heat transfer or phase change heat transfer.
From the perspective of power battery thermal management, the impact of temperature on battery performance and the
advantages and limitations of using different battery thermal management systems are comparatively analyzed in this work,
and the importance of an immersed battery thermal management system is explained. On this basis, the current key technical
issues and related research progress of the liquid immersed battery thermal management system are reviewed in detail,
including coolant selection, module design, life and safety research. Finally, the power battery immersion liquid cooling
products developed by some manufacturers for exploration or demonstration work are introduced.
Keywords power battery; battery thermal management; immersion liquid cooling; coolant; module design
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Tab.1 Application and research of various thermal management systems
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Tab.2 Coolant types and characteristics
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Tab.3 Study of coolant inlet flow and temperature

AN 5 WHIR FHLYI &
BRI LE B R, A EIRHE DR 30 Cle
ilte %5 . $ 35 C WLL 2C RFRFAT R, Bk
R.D. Jilte AR 745 18650 [ L H e LA FE R AT O, HIb B

[78]

L S PRI MRS, AR L
IS P P bt 132 1 7% B Bl I F) R B T

Wang Yanfeng

179 Novec-7000

[ A Rt

60 (5312 &)

BB SR, AHRAREDBELT,
MAHOH IR E R 25 CCAHIL 27 CHE, FER
REIRE LN 31.5 ‘CFI 325 C.

Liu Jiahao %5
[80]

AR s A

175 18650 [RA: it

I AR EOR, TEA A Ry 15 CHI%
8, A ERRELE 3~50 mL/min FITEE A,
F vt P e v L TT AR 845 I 35 CLAR . 3
R B ] DA F vt f i LS, (R i &
15 mL/min &, B IR H% 55 .

Huang Chu &
[81]

LEES 4 T AT Lt

BEBNGERE R, YA HWEHOEER
301.15K HR 2 &M 0.003 kg/s F+ & 0.045 kg/s
N, FIBEA R TN 3.9 CHZE 1.5 C.

EETK,
Wi,
AC-100

K. V. Jithin &
[82]

4 TR AT it

HAEBEP A R BN, HBERED 0.05 kg/s B,
BEFURFER 30115 K 444, 3 P HIBRe At
2C fEFRBCER MR N T 5 C: R
s BRI I8 I B R B R DR BRI, (RS
B AR D FE (FE A R B R BV A 3 I S B I 2
B 10 BRI KBl R DIRED) BB

R, 7 1 T BRI HR AT, 2 2R ¥4 A VRZE P T A
HNHRIZ AT, INTTEZI AL Bt IR . e
A1, B T S 50 R ) 4 I PR FH R P A 2
Ho DRI, R F000 A2 PV AH P BV R 1) B/
[ e A e A e A 7 U L. S. Park 5%
8311) 88 5 [RIAF HL AL NI FE XS R W Wi N
AHEA BT, 1 BRI A T AR LA AN ] H ] PR 2% A
T ECRCR, BRI, HIhE RN R AT
FERE /D, IF HR 642 st 4H () 51 & - Wang Yabo

SEBARET T EMBAIEE (1. 2. 44 6. 8mm) X
PRI . 25 1R, [AIFEA 1 mm IRk
BRI o X T # AR O R BEROR, i H:
FEAS /IR HL i T (2 PR 3 0 DR, AT B 55 1 4
RS Rz TR B AR AR IR s 4 RIEECN 2 mm Y,
P IASEERAT RS TT, E 3 K R PR e AR L
AT, X AR e B3GR, H
AR R N BILE A IR B 2, T34 34
AR B i 1)K . Liu Jiahao 2585140, DL [a]



N E, AR TR, EE—E RN
K [B) R RE P e AR, HAR T B 2ok A
AN T E A R, #REE e A [E 2 D-1 AU
TRACH, T8I S0 BB AL 7V, W9 T
Bt A F s AT 7 20 SRS R X i
AL B BRRR B 735 S VE R s R, 45 R R
WY, BT SRS A FR IR BhiE i 1 BOR I4R3),
5145 XCHE 0 # ABCR B 1T i

T3 A1 HE IRE v AT AR AR G I e B R
JIFE /D A HE A B . Zha Yunfei Z507) $g i —
T AL 2 L H DV VR A 20 R 4, s
S@PR, B TR ERHE IR TR
BHPERE . M. Larrafiaga-Ezeiza B8N 1 R il
WMIERENE (E 6(a)), 51 FAERREE—1
HM I, @2 IR T T R AR ) o &
HEE T RAMEIRREE R L. XI5 2
P AR R A M IR I A A T
6(b)). ETEHEONLF [ 3 FPAS[E W KV 53 A 4
PIRIAR, Znl RRE . E . B8, FERI
BRGS0 P AR SR, AR N & B
R EEARR T RIANEE AL, 435I FEAIK 1.98 CAN
0.78 ‘C. k4h, H. Choi ZCMETE T —Fha il K
ORI S5 38 (R B A ), DA sy FR B ZH IS
e R, BARSS B 7 Fios.

-
WEY ¢V ¥ ¥ b

5 MLERRN LA FR S

Fig.5 Optimized immersion cooling system!87]

(a) T H HL R T A ) IEES)
bl
NIRRT

b
ALALL:

LA 51X LR

BRI
I Hestasc

B Y
JEHR A )
HHRE St

(b) BLELIH AN MRS HAE)
B o Rt
Fig.6 Flow channel design

(b)

- wk BESH  Ammk R

@FEGMHEA R TR || (o) s R CR A 55
A EN S Fr R AN A

B 7 #EH R R R G
Fig.7 Immersion structure with fins®!

A5 B RMAIR B B R 5 v R LT AV B
RGEWZE 7T RO . Wang Zengpeng
LR TR ARG BRI AITNE Cl it
IR E WA T NI 7 B A 0, dn &l
8(@) ), W HUE ML T AR T 2C
AR 25 CCHEE S AT T L AR R ) A% T I AT
MREER, SRR, SRR ANKXA AL,

MBI

o K i i)

R L



BN A H 5 s B TAERR (35 °C AR/ & B a3 A A ZIAR B, it
PLF) SEK T 45.7%. M. S. Patil 0T 7 — B4R GEIERERICT 9.3%. Zhao Luyao &4
PO A SR I AR FNEOR, B 14 i KA SREBAE S, b 7RI HE (K
A0 Bt AR R AR E R, T IR E] 8(c)). IXEEF AR ARG BINREEHE M R AN
KR B RAATHGE (K 8(b)), SERERE  BHREIIULEN RS, BEFERSHR
3C BUEMFRET, HHEMBMREBHAL, Biis  SsmEing 4.

177 2 IEAR AR IR 2 T DL FRAIR 46.8%; S

D

- < RN fgtine

...... — i
A - , et "
=1l PR / - B
B = RSN . S
i B
!;;x,_g 14l
; e ]
'v / JI
— i
(a) VRIIAE G EHBEA LY (b) BIEAEERAD
it Wi bz EZAL ]
R At I8!
%)
WAL

AN -
Fow o L
N AWHED "
= o
199 mm | 3
.um -I yt’a(ﬁ " : .A.T‘if .‘V,_‘-‘T‘ ’.' ﬂm
: EYEYNEYAYEYE ' = ) wmn
- / ) NS IS \&) & v i ":-,4' | 13 %
T | w2
] e A l ,,‘ X \ Y ! 3 - >“f--o o >
Bokw 7 1O ol| Wi =t d| 4
23imm,) , it $ = gt

R=9mm @? —@!E . R =t A
2 i > ¥ 1 11

LS \_./1'/— P HIAE b‘)mnl:; 3 120

l W l-" 2

(©) BRHA S ARA
8 AFRRBWINEARANEMHREERG
Fig.8 Composite cooled battery thermal management systems with immersion liquid cooling
2.2.2 MHERR B RE T
PR R G B G R ANRAAE REE G, BRI A RCR E W AL T AR



W, T LATH AR 55 v R B PR LA e e A LA
R A BT SR, RITENs rth 4 1 e v L P 28
I ¥4 0 R B T 1D [ ) R 8% R 4R H vt 2H A
151 R 22 511 « Wang Yuhang 250515 EL T H AR
P SR IR BN SF33 IR (o
A 33.4°C) 4 FhEAE T H B H )R T R
B, 1E4C HHMEERET, &FM4 T HibBH 5w
HIEHN 693, 442, 42.1. 34.4°C. LiYang
SEI6L 175 18650 [ A4 H iR 5 7F Chemours-
SF33 (it 33.4 °C) TREfifk, d@idseghk
P L 7C RE RS, I AR 4
FEHIE 34.5°CLA N o Li Yang 25097 5 42 3@ i 52
IXTEE T 6 FAN[A) 2 -5 (1) FEILAE SR X IR R
R BERA AR, RIAE 3C R 7H,
HARSHR &M N, 6 P fg 4 P il i
T T 40 °C, WEMMREFMET, 6 Fif
i ) B e IR I B IT 34 °C. H. Hirano Z£9811) 10
AR 7 He F A TR B B 120 R TE AR
WAE Novec-7000 (5 3 s 34 °C) Fl Novec-649
CHEEBR R 49°C) w, FEL 7 5 X 10C Bl
FOB I R H, F It o e B AR A AR I AR VA
W ST . R, W, Van Gils 21906 1 5[4
HE IR X AE Novec-7000 AL, TELL SA H
TR R, IR TR 5°C, MaES
H SRXT A H 25 F T I R IR B BT 20 °C.
TX A 2 (PRI SRR 78 AU SR T AR R G
R R (T HUAGE ), S RSR AR B BIR BB R A
DL K v e 5 P Rt 4 O ) R B TR T R B
R 5% T AR & 2R 48 O 9T 5 B4R P 7E W iR
Wi R BE . A AR AR Y AT AT T S T
18

MR RGHM, iR L
X AR I R G V4 A I RE AN R G0 o B 7 AR R
M. M. Goodarzi Z1'00% FH #7477 (R141b, ¥
RL32°C) NARENR, WHIT T A HIIR B R X
FEL VA 2L IR FE R R, i 9T R I PV AN SE IR e
SRR N R ZRE K. M. Al-Zareer
GUONEIR A B I3 ZE TR I BRRL R BE A e H14
Jii, LA 9 1 BRI 18650 5 B it A 7T

Xf 4, it COMSOL A R yofi BB A7 T
BNKERE M EE (5%~30%) S5HHN
77 (850 kPa 11 1000 kPa) St Hi, it 2H 5% i Tl A1 B,
b 794 i UL 22 (VT ST, 5 SRR B AS T e IR L
Py, AH R BB AR T, F R v iR R R
022 ORI s B4 R P e 7 A 1T DA AR Fa vl
Ui 2 FLE AN PR G PR 2 R B e il R 3G
ARG FONE B GEE N A, R ETF
B, MGEIR B It ) s B I, AE 25 °C
A1 40 CCHFRFABEIR LT, L 7.5C B 78 3L A 36
St AT H 300, Z S 300, Il
JiCFL T R 1 R A R ZE AN B L, 4 Rk
I DA ot 15 5 PR v P Ry, L T A e R PR R
— RS, AT B EMERE, T RIAR
BRG] R DRI e 2R % .

FEL Yt 1] B2 52 1) 3 7P AR 8 R G VA R
BMAHMERE. M. Al-Zareer 2110314 18 5 &4+
TE B IR AL A T E R, 4R 70 T AN [A) Bt ) B
THVE EPERE, 45 SRR BIUBOR 1 FEth [B] BE e 65
A A1 FELVAR 1) B v, L 2 38 r v 2 ) )3
7, I AT AR 3 R G T E i 75 23t
— 2 2 i F T [ R (IR

AHZAR I R () P ARACHIE FE 2 T Al 9 AR 3 &R
GuAl AN EL AT P AHIR B R G it Ak 45 2 1) 3
fite N. P. Williams Z£U4DLEE T BAHIR % R G0 H
MBS, RIS B S B I AR = A
LI e 7 A 1SV R 40 2l FL T 1) #d 2 A
Mk SR HGEZ . Li Yang Z10511 18650
(R4 T 25 1 T Ao T AR A T T AR
B RGBSR, B 9 TR s iR A L
LA B2 R, @l o da AR E Rets
T R S 3T R SR T PR P 2, S E0R
FURIARIRSN, %P ahnT DL s, AT RE b
TAHAZBY B b IR i — DT e . AR
T I AR A 1) S 56 R AR AR i B P S R
TR AEAE Mt P HRER T b, TG R BTk
R s R = 035 R A SRR S, PRI HE SR T
SR A 1) T BRI 0 A% A 1 » I 7 28] 5 F8e A
IR



A DJ- Al
t=150s t=600s t=1050s t=1350s t=75s t=30s t=600s
(a) 2C 52 AL H (b) 3C FEHHH
9 SAERBETIES

Fig.9 Gas-liquid phase change process!%!

2.3 EMRE

HL BV FLTB IR A5 F 7 i A 22 e M R 6 2
RVE B I R . fh T AT DAY FEB S ZH B AL B 4 (1) UiR
FEISIVE, 1R 3 Rt VE B R 8] DA T Lt
HER T . teAh, BRI HVE B R G0t
B L AR R 4 DA R R R AR I & A A R R
AJ DAHE sy H B2 22 At o (H— BUR A A E10E
N FEL I ) A7 10 ST A T A DT PR 2 L v ) 2 5
I, G RAN R EEN .

D. Koster ZER0I6} EE 17 JX7A HL I FAVE P R 4
A e 2 It IAVE B R G ) F b L IR A i« 45
KRB, 1E 600 RAEAF, JRA FLb ZHAH X 25 &
& R E A BIBAHE RN T 3.3%. L1 HE,
0 L 2H 25 B RO ITAR TR 75% N, B TR R
R SIS AT (R FE A3 A R X I A AT DL 2 1
R 275 IR o S AME S I AR Ak s IR X
A TUA H A B IR R, BTN e 20E
N FELYHB P 32 AT R IR i R 2 —

ZE N PEBE IS AN [F] SOC (state of charge) 1]
B P VR VAR BN I A5 Sy, 3 T
FI R A BRAR IRFE S 3, S0E 1 R I800)
LR Vb AR A R R . SEER R I, B L
578 HIVBAA P-4 ok 348 7 PR iR B2 B AE R RA B
AR I 1) P T P A 3 PRI, I L AT RA gk
CO FEHEFAMAMI=4. Wu Shangquan 5085
TH 7 /M 840 5 (B AT AR FR b Y FRIBAR A, 7E
7 EI R LI, 6 Herh — A5 B EEAT 5 RS
B GEREKH], 5 IR TR HoAth Bt Y
PIA, BOAIE 1IR3 3 R B 3 4 ] DA
HRFEI S AE, BEAh, Zhou Haikuo 21081 5 31

SEIG BT B A HIVE Novec-649 HEA 25 i
RIEELE,
2.4 RSB BAEER R A

VWA IR R B FH T Lt A BTG B 2
—Fp KR ZR, BArEah) R T RHR
3 L RAE RO R T R JRVR 2R B TR

IBYUE Speedtail K FH )i 4a S AE IR Ik
T H I HVE T R G4 209, LA 2 ThR R & b
4 5.2 kW/kg (1 HLt R BGA TR SR, & 8AT SR
TR (1 BB 2 B 4 Miss R HIEHE T Wik
REFA, B b 4R EAE 3M Novec-7200
H SRAR VR ZEIRAE 1= Dh RIS AT I [ I A ) R
09T (& 10(a)). AT BEB R AKLINFR RIREIR
BERE B, 5 [E (1) Lion Smart 24 7] M & T
—FAEF 3M AL TRAE S A R AR
FCH L (& 10(b)) 1100, S5 [ ok A R S
i /) Faraday FF91 JUJi&#% T MIVOLT #2574
RO, B4, J5 2 50R 22 F] Moveko Tech Oy,
R T EREFET 120 V. EHRKmE IR AE D)
R, %IRRT ARR R AR,
15 HE 1) E-MERSIV A A H— 3K S0kW <h [
WARIR B A (B 10(c)), 7E 10 min P
AEEK LR 20%78 2 80%IM AR LR, X4
Horp FE P R AR ORI IR FE IR 2 400 °CHY, JH
Il Rt ) e il FE B A 100 °C, BT DA 23 BH
PR I L 1R,

A LLE B, A T A TR S T RIE AT
B ) DA S B i R e e, XS] R IR
WA A E B R SRR 22—



(a) IMMERSIO™ XM25[!14]

3 &g

ASTAP T T UL S B Lt A 1 5 D
T SRR [ o A7 B 8 45 9 A 160 48 )
BRAE, HEAEIL LR - R GiHhah T iR B R
W HVEF B R SRR SR

EA SR ITTE, TR BRIk S
W), B BRI A R e (T
R BB AN FL I 5B ) T B A
H, — R A FR A K A 1 A IR .
TR, 0T AR RS, MR
=R AN DR AR R . FE R A EE A HEA
77 2R B IR 1 R G0V HIE RS O R G A
IR, BN, AT R AR R
Sr A PER , T DM BN S5 5T 274 40
RETFRE AT HIE. MTFHHRRRS,
LA FRL I B B 2, A
AR ik AT AT ML B 02 T R M I R G
ORI 7 R 35 2R G MR A BT 1) S 7
%5 AR A MR 9T 7T, 95 2k PR P 8 R
A% 4 2 5 Y AL ) 75y, L ke £
3 I BACR, T DA MR AR o
Sb, R 5 20 0305 B MR 2
ek R EOTF 5, 350 98 1 1 S 2 e o R A5 T
Lo3F ARG A 22 A VS B

AILZWTLAE B AAF 554 (LZ19E060001) 1t H %
Bhi. (The project was supported by the National Natural
Science Foundation of Province

(No.LZ19E060001).)

Zhejiang

SHE R
(11 KECHREIITAE - HHESE 8 FF4ERES —[EB/OL].

(b) Lion Smart [ HE /AR ZH 1101
B 10 Z& &4 B BES

Fig.10 Immersion liquid-cooled battery module

(c) E-MERSIV [ H it Az [13]

(2023-01-24) [2023-05-25].https://www.gov.cn/xinwen/2
023-01/24/content 5738622.htm.(China's new energy veh
icle production and sales for 8 consecutive years first
in the world[EB/OL]. (2023-01-24) [2023-05-25].https://
www.gov.cn/xinwen/2023-01/24/content_5738622.htm.)
[2] GOODENOUGH J B, PARK K S. The Li-ion
rechargeable battery: a perspective[J]. Journal of the
American Chemical Society, 2013, 135(4): 1167-1176.

[3] #BEH . 2022 FHREZ) S IE R 294.6GWh[J].
R YRS, 2023(2): 114-115. (ZHENG Xueqin. China’s
power battery loading capacity was 294.6GWh in 2022[J].
Auto Review, 2023(2): 114-115.)

[4] RAMADASS P, HARAN B, WHITE R, et al. Capacity
fade of Sony 18650 cells cycled at elevated temperatures
Part 1. Cycling performance[J]. Journal of Power Sources,
2002, 112(2): 606-613.

[5] SENYSHYN A, MUHLBAUER M J, DOLOTKO O, et
al. Low-temperature performance of Li-ion batteries: The
behavior of lithiated graphite[J]. Journal of Power Sources,
2015, 282: 235-240.

[6] CHEN Dafen, JIANG Jiuchun, KIM G H, et al.
Comparison of different cooling methods for lithium ion
battery cells[J]. Applied Thermal Engineering, 2016, 94:
846-854.

(7] PMEMS, BRSZEE, fREETE, 55 e 7 b g AR
5505 TR AR RS HT (0], FUEEOR, 2020, 44(8): 1090-
1092. (SUN Zhipeng, CHEN Liduo, XU Zijian, et al.
Analysis of typical temperature and rate discharge
characteristics of Li-ion batteries[J]. Chinese Journal of
Power Sources, 2020, 44(8): 1090-1092.)

[8] Ak, MuiifH, ZWHAE, . NCRIS650A it/ 7E i
R BRI S A BRI, rREURIERE, 2020, 8(6): 455-461.



(LIN Tao, LAI Peiheng, LI Liya, et al. NCR18650A battery
charging and discharging temperature characteristics and
management[J]. Advances in New and Renewable Energy,
2020, 8(6): 455-461.)

[9] ERE, X, SO, 5 Bl E ARk ATK
HUAT N IR BE R )], FIRECR, 2019, 43(8): 1319-1321.
(WANG Entong, LIU Zongfeng, LU lJili, et al. Temperature
characteristics of self-discharge behavior of lithium battery
in electric vehicles[J]. Chinese Journal of Power Sources,
2019, 43(8): 1319-1321.)

[10] BR2Z T, WKTE. AFE IR b KR B H
PE 2 01, A& 5 2 (Y1), 2023, 37(1): 52-59.
(GESANG Duoji, XIE Yongliang. Analysis of fire hazards
of lithium batteries with different cathode materials[J].
Refrigeration & Air Conditioning, 2023, 37(1): 52-59.)

[11] E¥E, R, &, & a7 mibik
PERRVESCIRRTAC[T]. AT it LA, 2023, 31(5): 111-115.
(WANG Jiejia, JIA Junrui, ZHAO Tong, et al. Experimental
research on thermal runaway characteristics of Li-ion power
battery[J]. Electronic Design Engineering, 2023, 31(5): 111-
115.)

[12] FENG Xuning, OUYANG Minggao, LIU Xiang, et al.
Thermal runaway mechanism of lithium ion battery for
electric vehicles: a review[J]. Energy Storage Materials,
2018, 10: 246-267.

[13] E¥E4, EHI, R ORI e St E
IR [C//2022 47 BE K K55 B 2R BAR % AR i
2B 4. 2022: 128-130.( WANG Haoming, WANG Shugi,
LI Yan. Discussion on new energy electric vehicle accident
disposal methods[C]//Proceedings of the 2022 Annual
Symposium on Fire Suppression and Emergency Rescue
Technology. 2022: 128-130.)

[14] LYU Peizhao, LIU Xinjian, QU Jie, et al. Recent
advances of thermal safety of lithium ion battery for energy
storage[J]. Energy Storage Materials, 2020, 31: 195-220.
[15] BT 4 HEE T3 bRz H R 59 Rl
M., g 5Pi#ED]. L iEH K, 2016. (FENG
Xuning. Thermal runaway initiation and propagation of
Lithium-ion traction battery for electric vehicle: test,
modeling and prevention[D]. Beijing: Tsinghua University,
2016.)

[16] Z=afa, BRI, FET7. I E e & 7 it
TR BRE A P R R[], R RERE 22 SHOR, 2023, 12(4):

1278-1282. (LI Qisong, CHEN Rong, LI Huifang.
Application of impedance analysis in the detection of lithium
evolution threshold of lithium-ion batteries[J].
Storage Science and Technology, 2023, 12(4): 1278-1282.)
[17] CHU Zhengyu, FENG Xuning, LU Languang, et al.

Energy

Non-destructive fast charging algorithm of lithium-ion
batteries based on the control-oriented electrochemical
model[J]. Applied Energy, 2017, 204: 1240-1250.

[18] WALDMANN T, HOGG B I, KASPER M, et al.
Interplay of operational parameters on lithium deposition in
lithium-ion  cells:  systematic =~ measurements  with
reconstructed 3-electrode pouch full cells[J]. Journal of The
Electrochemical Society, 2016, 163(7): A1232.

[19] SMART M C, RATNAKUMAR B V, WHITCANACK
L D, et al. Improved low-temperature performance of
lithium-ion cells with quaternary carbonate-based
electrolytes[J]. Journal of Power Sources, 2003, 119: 349-
358.

[20] WU Weixiong, MA Ruixin, LIU Jizhen, et al. Impact of
low temperature and charge profile on the aging of lithium-
ion battery: Non-invasive and post-mortem analysis[J].
International Journal of Heat and Mass Transfer, 2021, 170:
121024.

[21] NAGASUBRAMANIAN G. Electrical characteristics
of 18650 Li-ion cells at low temperatures[J]. Journal of
Applied Electrochemistry, 2001, 31(1): 99-104.

[22] WU Weixiong, WANG Shuangfeng, WU Wei, et al. A
critical review of battery thermal performance and liquid
based battery thermal management[J]. Energy Conversion
and Management, 2019, 182: 262-281.

[23] ZHOU Long, ZHENG Yuejiu, OUYANG Minggao, et
al. A study on parameter variation effects on battery packs
for electric vehicles[J]. Journal of Power Sources, 2017, 364:
242-252.

[24] FENG Xuning, XU Chengshan, HE Xiangming, et al.
Mechanisms for the evolution of cell variations within a
LiNixCoyMnzOz/graphite lithium-ion battery pack caused by
temperature Journal of Cleaner

Production, 2018, 205: 447-462.
[25] RUGH J P, PESARAN A, SMITH K. Electric vehicle

non-uniformity[J].

battery thermal issues and thermal management techniques
(presentation)[R/OL]. (2013-07-01)[2023-09-10].
https://www.osti.gov/biblio/1089051.



[26] VFZHE, 2%, 4 AELE T i AVE B T R )],
VR ZE3CH, 2022(10): 30-35. (XU Xuanhao, LI Jun. Research
progress on thermal management of automotive lithium-ion
batteries for vehicles[J]. Automotive Digest, 2022(10): 30-
35)

[27] KUMAR R, GOEL V. A study on thermal management
system of lithium-ion batteries for electrical vehicles: a
critical review[J]. Journal of Energy Storage, 2023, 71:
108025.

[28] GAO Yuan, GAO Qing, ZHANG Xuewen. Study on
battery direct-cooling coupled with air conditioner novel
system and control method[J]. Journal of Energy Storage,
2023, 70: 108032.

[29] KARTHIK A, KALITA P, CUI Xujian, et al. Thermal
management for prevention of failures of Lithium ion battery
packs in electric vehicles: a review and critical future
aspects[J]. Energy Storage, 2020, 2(3): el137.

[30] LIU Huaqiang, WEI Zhongbao, HE Weidong, et al.
Thermal issues about Li-ion batteries and recent progress in
battery thermal management systems: a review[J]. Energy
Conversion and Management, 2017, 150: 304-330.

[31] H#&, MWk, o, 5 AHHZ R SR SR
AR AVE B RGBT SRR ()], B AR,
2023, 40(7): 3795-3811. (XIAO Xin, FENG Ze, WANG
Yunfeng, et al. Recent progress in enhancement of physical

properties of organic phase change materials and

optimization of coupling thermal management of batteries[J].

Acta Materiae Compositae Sinica, 2023, 40(7): 3795-3811.)
[32] MOUSAVI S, STAVASHI M, ZADEHKABIR A. A new
design for hybrid cooling of Li-ion battery pack utilizing
PCM and mini channel cold plates[J]. Applied Thermal
Engineering, 2021, 197: 117398.

[33] LIU Huaqgiang, AHMAD S, SHI Yu, et al. A parametric
study of a hybrid battery thermal management system that
couples PCM/copper foam composite with helical liquid
channel cooling[J]. Energy, 2021, 231: 120869.

[34] ROE C, FENG Xuning, WHITE G, et al. Immersion
cooling for lithium-ion batteries—A review[J]. Journal of
Power Sources, 2022, 525: 231094.

[35] RWEH, #fEss, #EIL, & Bl iR Bl
WV H R G R DIRE R R SEIA T BT[], 7% 5 25
(AL xD), 2022, 22(11): 61-74. (WU Xilei, YANG Jialiang,
GUO Haowen, et al. Development history and design of key

links in immersion liquid cooling system for data center[J].
Refrigeration and Air-conditioning, 2022, 22(11): 61-74.)
[36] W EETRMARTUEA R, aRRE MRBEA
HL VL i BE L RN IS AT D], HLTEE B, 2023, 64(2): 62.
(China Southern Power Grid Company Limited. The world’s
first submerged liquid-cooled battery energy storage power
station put into operation[J]. Electrical World, 2023, 64(2):
62.)

[37] ZHAO Gang, WANG Xiaolin, NEGNEVITSKY M, et
al. A review of air-cooling battery thermal management
systems for electric and hybrid electric vehicles[J]. Journal
of Power Sources, 2021, 501: 230001.

[38] KANG D, LEE P Y, YOO K, et al. Internal thermal
network model-based inner temperature distribution of high-
power lithium-ion battery packs with different shapes for
thermal management[J]. Journal of Energy Storage, 2020, 27:
101017.

[39] ZHANG Qiang, CAO Ganglin, ZHANG Xiongwen.
Study of wet cooling flat heat pipe for battery thermal
management application[J]. Applied Thermal Engineering,
2023,219: 119407.

[40] ALIHOSSEINI A, SHAFAEE M. Experimental study
and numerical simulation of a Lithium-ion battery thermal
management system using a heat pipe[J]. Journal of Energy
Storage, 2021, 39: 102616.

[41] SHAH K, MCKEE C, CHALISE D, et al. Experimental
and numerical investigation of core cooling of Li-ion cells
using heat pipes[J]. Energy, 2016, 113: 852-860.

[42] WANG Zhengkun, WANG Yanan, XIE Zongfa, et al.
Parametric investigation on the performance of a direct
evaporation cooling battery thermal management system[J].
International Journal of Heat and Mass Transfer, 2022, 189:
122685.

[43] BliZE, PR AERBIIERA TOUT it BT
it 0], ERE T RS2 4R (F R FHF), 2023, 37(2):
123-133. (HU Yuanzhi, LUO Yi. Optimal design of battery
direct cooling of pure electric vehicles under refrigeration
conditions[J].
Technology (Natural Science), 2023, 37(2): 123-133.)

[44] EH%E, skigis, wmME, 5. & THUMETER S
BEE VS I AE PRSI R I S []. R AR
#k, 2023, 23(1): 154-162. (WANG Xiaojun, ZHANG
Hengyun, HUANG Xinghua, et al. Research and

Journal of Chongqing University of



optimization on battery thermal management system with
refrigerant cooling based on mini-channels[J]. The Chinese
Journal of Process Engineering, 2023, 23(1): 154-162.)

[45] BULUT E, ALBAK E 1, SEVILGEN G, et al. A new
approach for battery thermal management system design

based on Grey Relational Analysis and Latin Hypercube

Sampling[J]. Case Studies in Thermal Engineering, 2021, 28:

101452.

[46] TOUSI M, SARCHAMI A, KIANI M, et al. Numerical
study of novel liquid-cooled thermal management system for
cylindrical Li-ion battery packs under high discharge rate
based on AgO nanofluid and copper sheath[J]. Journal of
Energy Storage, 2021, 41: 102910.

[47] McLaren Speedtail: ‘Albert’ model revealed as sw
ansong nears[EB/OL]. (2021-08-05)[2023-05-18]. https://
www.carmagazine.co.uk/car-news/first-official-pictures/mc
laren/speedtail-bp23/.
[48] XING Mobility[EB/OL].[2023-06-22].
https://www.xingmobility.com/.

[49] LE Qin, SHI Qianlei, LIU Qian, et al. Numerical
investigation on manifold immersion cooling scheme for
lithium ion battery thermal management application[J].
International Journal of Heat and Mass Transfer, 2022, 190:
122750.

[50] LIU Yanhui, ALDAN G, HUANG Xinyan, et al. Single-
phase static immersion cooling for cylindrical lithium-ion
battery module[J]. Applied Thermal Engineering, 2023, 233:
121184.

[51] LIU Jiahao, FAN Yining, WANG Jinhui, et al. A model-
scale experimental and theoretical study on a mineral oil-
immersed battery cooling system[J]. Renewable Energy,
2022,201: 712-723.

[52] fEE5E, FEDCHh, i, 5. REMRREEH
BRI PGE B RSE[)]. RIEEOR, 2023, 47(2): 250-
255. (CHU Zhiliang, TAO Hanzhong, LI Yannan, et al.
Thermal management system of battery combinating of heat
pipes and air-cooling[J]. Chinese Journal of Power Sources,
2023, 47(2): 250-255.)

[53] BRbh, PMRAR, RERFE. ALS/ENK A & 55
BHE G HVE i B B RERT (], RHA RS TR,
2022, 22(24): 10478-10484. (CHEN Chen, SUN Junjun,
ZHU Qingyong. Battery thermal management performance
of paraffin/expanded graphite composite phase change

materials coupling heat pipe[J]. Science Technology and
Engineering, 2022, 22(24): 10478-10484.)

[54] SRIVASTAVA G, NANDAN R, DAS M K. Thermal
runaway management of Li ion battery using PCM: a
parametric study[J]. Energy Conversion and Management:
X, 2022, 16: 100306.

[55] PENG Peng, WANG Yiwei, JIANG Fangming.
Numerical study of PCM thermal behavior of a novel PCM-
heat pipe combined system for Li-ion battery thermal
management[J]. Applied Thermal Engineering, 2022, 209:
118293.

[56] M, ZEK5R, FF, % BT PCM-RRES
B4 3 T R R R T SC[D]. RRIREER, 2022, 46(12):
1388-1392. (YANG Ziyin, ZHU Yugqgiang, WANG Yaping, et
al. Thermal management of lithium-ion battery based on
PCM-liquid cooling coupling[J]. Chinese Journal of Power
Sources, 2022, 46(12): 1388-1392.)

[57] DENG Yuanwang, FENG Changling, JIAQIANG E, et
al. Effects of different coolants and cooling strategies on the
cooling performance of the power lithium ion battery system:
areview[J]. Applied Thermal Engineering, 2018, 142: 10-29.
[58] WU Shangquan, LAO Li, WU Lin, et al. Effect analysis
on integration efficiency and safety performance of a battery
thermal management system based on direct contact liquid
cooling[J]. Applied Thermal Engineering, 2022, 201:
117788.

[59] ZEiaE. SBT3 VA o) 3 P e A R s BRI
FL[D]. TR A E R AU EE AT B, 2022, (LI Yuze.
The study of thermal runaway inhibition of lithium-ion
battery by liquid immersion method[D]. Guanghan: Civil
Aviation Flight University of China, 2022.)

[60] LANDER L, KALLITSIS E, HALES A, et al. Cost and
carbon footprint reduction of electric vehicle lithium-ion
batteries through efficient thermal management[J]. Applied
Energy, 2021, 289: 116737.

[61] REEE, X, fift, 55 AR E TR RE
AR RGMEREI R[], ¥4 24Kk, 2021, 42(4):
74-82. (WU Xilei, LIU Ying, NI Hang, et al. Effect of
different electronic cooling liquid on the performance of
immersion phase change cooling system[J]. Journal of
Refrigeration, 2021, 42(4): 74-82.)

[62] FE T, berhil, XUBE, 5. B TWAEN B E
BRI SN  RIAE BT FEE RE (D). BT REIRE R, 2014,



2(2): 135-140. (HUO Yutao, RAO Zhonghao, LIU Xinjian,
et al. Research development of battery thermal management
system based on liquid medium[J]. Advances in New and
Renewable Energy, 2014, 2(2): 135-140.)

[63] B /bif, RARME, XEE, & T HmRENA
TR FLERIR (D], i RER S 5 BOR, 2023, 12(9):
2888-2903. (ZENG Shaohong, WU Weixiong, LIU Jizhen,
et al. A review of research on immersion cooling technology
for lithium-ion batteries[J]. Energy Storage Science and
Technology, 2023, 12(9): 2888-2903.)

[64] LI Xinxi, HUANG Qiqiu, DENG lJian, et al. Evaluation
of lithium battery thermal management using sealant made
of boron nitride and silicone[J]. Journal of Power Sources,
2020, 451: 227820.

[65] LUO Mingyun, CAO Jiahao, LIU Ninghui, et al.
Experimental and simulative investigations on a water
immersion cooling system for cylindrical battery cells[J].
Frontiers in Energy Research, 2022, 10: 803882.

[66] 2022 4 H FE SR AL DD AT ML BUIR A BT 5t
M. B PO WA T RS R AR R T
[EB/OL].(2023-03-30)[2023-08-09].
https://www.huaon.com/channel/chemical/880650.html.(An

alysis of the current situation and prospect of China's
fluorinated liquid (fluorinated coolant) industry in 2022, and
the demand for coolant driven by liquid cooling solutions for
data centers[EB/OL].(2023-03-30)[2023-08-09].
https://www.huaon.com/channel/chemical/880650.html.)

[67] Opteon SF33 specialty fluid technical information
[Z/OL]. [2023-08-28]. https://www.opteon.cn/-/media/file
s/opteon/opteon-st33-specialty-fluid-technical-bulletin.pdf?
rev=67b973acd80745¢a841f750921f74315.

[68] 3M Novec-7000 engineered fluid[Z/OL]. [2023-08
-28]. https://multimedia.3m.com.cn/mws/media/1213720/
3m-novec-7000-engineered-fluid-tds.pdf&fn=3M%20Nove
¢%207000%20Engineered%20Fluid%20TDS%20Heat%20
Transfer FINAL R3.pdf.

[69] SUNDIN D W, SPONHOLTZ S. Thermal management
of Li-ion batteries with single-phase liquid immersion
cooling[J]. IEEE Open Journal of Vehicular Technology,
2020, 1: 82-92.

[70] DF7 - a new, immersive approach to cooling ele
ctrical systems[Z/OL]. [2023-08-28]. https://mivolt.com/
wp-content/uploads/2021/10/MIVOLT-DF7-Brochure_Mar

23.pdf.

[71] HEMAVATHI S, SRINIVAS S, PRAKASH A S.
Performance evaluation of a hydrostatic flow immersion
cooling system for high-current discharge Li-ion batteries[J].
Journal of Energy Storage, 2023, 72: 108560.

[72] DUBEY P, PULUGUNDLA G, SROUJI A K. Direct
comparison of immersion and cold-plate based cooling for
automotive Li-ion battery modules[J]. Energies, 2021, 14(5):
1259.

[73] SOLAIE, GUADAGNINI M, BEAUGENDRE H, et al.
Validation of a data-driven fast numerical model to simulate
the immersion cooling of a lithium-ion battery pack[J].
Energy, 2022, 249: 123633.

[74] PULUGUNDLA G, DUBEY P, WU Zenan, et al.
Thermal management of lithium ion cells at high discharge
rate using submerged-cell cooling[C]//2020 IEEE
Transportation Electrification Conference & Expo (ITEC).
Chicago, IL, USA:IEEE, 2020: 1-5.

[75] SATYANARAYANA G, RUBEN SUDHAKAR D,
MUTHYA GOUD V, et al. Experimental investigation and
comparative analysis of immersion cooling of lithium-ion
batteries using mineral and therminol oil[J]. Applied
Thermal Engineering, 2023, 225: 120187.

[76] WANG Haitao, TAO Tao, XU Jun, et al. Thermal
performance of a liquid-immersed battery thermal
management system for lithium-ion pouch batteries[J].
Journal of Energy Storage, 2022, 46: 103835.

[77] LIU Qian, SUN Chen, ZHANG lJingshu, et al. The
electro-thermal equalization behaviors of battery modules
with immersion cooling[J]. Applied Energy, 2023, 351:
121826.

[78] JILTE R D, KUMAR R, AHMADI M H. Cooling
performance of nanofluid submerged vs. nanofluid
circulated battery thermal management systems[J]. Journal
of Cleaner Production, 2019, 240: 118131.

[79] WANG Yanfeng, WU Jiangtao. Thermal performance
predictions for an HFE-7000 direct flow boiling cooled
battery thermal management system for electric vehicles[J].
Energy Conversion and Management, 2020, 207: 112569.
[80] LIU Jiahao, FAN Yining, XIE Qimiao. Feasibility study
of a novel oil-immersed battery cooling system:
Experiments and theoretical analysis[J]. Applied Thermal
Engineering, 2022, 208: 118251.


https://www.huaon.com/channel/chemical/880650.html
https://www.huaon.com/channel/chemical/880650.html

[81] HUANG Chu, ZHU Haixi, MA Yinjie, et al. Evaluation
of lithium battery immersion thermal management using a
novel pentaerythritol ester coolant[J]. Energy, 2023, 284:
129250.

[82] JITHIN K V, RAJESH P K. Numerical analysis of
single-phase liquid immersion cooling for lithium-ion
battery thermal management using different dielectric
fluids[J]. International Journal of Heat and Mass Transfer,
2022, 188: 122608.

[83] 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, 2013, 227: 191-198.
[84] WANG Yabo, RAO Zhao, LIU Shengchun, et al.
Evaluating the performance of liquid immersing preheating
system for Lithium-ion battery pack[J]. Applied Thermal
Engineering, 2021, 190: 116811.

[85] LIU Jiahao, MA Qingwen, LI Xianbin. Numerical study
on heat dissipation performance of a lithium-ion battery
module based on immersion cooling[J]. Journal of Energy
Storage, 2023, 66: 107511.

[86] #B5EIL. Al ANTR AR B IR A v 20 Rt A R A4
SR F[D]. B VT K24, 2022, (GUO Haowen.
Simulation and experimental study of immersed liquid
cooling battery pack for electric vehicle[D]. Hangzhou:
Zhejiang University, 2022.)

[87] ZHA Yunfei, HE Shunquan, MENG Xianfeng, et al.
Heat dissipation performance research between drop contact
and immersion contact of lithium-ion battery cooling[J].
Energy, 2023, 279: 128126.

[88] LARRANAGA-EZEIZA M, VERTIZ G, ARROIABE
P F, et al. A novel direct liquid cooling strategy for electric
vehicles focused on pouch type battery cells[J]. Applied
Thermal Engineering, 2022, 216: 118869.

[89] XIf, AT, 2o, 55 HHE 7 Hibs o
P04 73 G5 R IR B B AVE BT T )], REECOR,
2021, 42(2): 218-229. (LIU Qian, SHI Qianlei, LI Kaixuan,
et al. Research on immersion cooling thermal management
of lithium ion battery combined with checkerboard topology
diversion structure[J]. Power Generation Technology, 2021,
42(2): 218-229.)

[90] £F, Emz, M, 55 T CFD MHAMIREK
VA B RS &5 A BT A EARAL D], o B R R

2023(7): 24-26. (WANG Ning, WANG Lingyun, LIU
Shitong, et al. Structure design and simulation optimization
of single-phase immersion liquid cooling battery box based
on CFD[J]. China High-Tech, 2023(7): 24-26.)

[91] CHOI H, LEE H, KIM J, et al. Hybrid single-phase
immersion cooling structure for battery thermal management
under fast-charging conditions[J]. Energy Conversion and
Management, 2023, 287: 117053.

[92] WANG Zengpeng, ZHAO Rijing, WANG Shouzhen, et
al. Heat transfer characteristics and influencing factors of
immersion coupled direct cooling for battery thermal
management[J]. Journal of Energy Storage, 2023, 62:
106821.

[93] PATIL M S, SEO J H, LEE M Y. A novel dielectric fluid
immersion cooling technology for Li-ion battery thermal
management[J]. Energy Conversion and Management, 2021,
229: 113715.

[94] ZHAO Luyao, L1 Wei, WANG Guoyang, et al. A novel
thermal management system for lithium-ion battery modules
combining direct liquid-cooling with forced air-cooling[J].
Applied Thermal Engineering, 2023, 232: 120992.

[95] WANG Yuhang, LI Chaoen, WEN Xiaodong, et al.
Experimental studies on two-phase immersion liquid cooling
for Li-ion battery thermal management[J]. Journal of Energy
Storage, 2023, 72: 108748.

[96] LI Yang, ZHOU Zhifu, HU Leiming, et al. Experimental
studies of liquid immersion cooling for 18650 lithium-ion
battery under different discharging conditions[J]. Case
Studies in Thermal Engineering, 2022, 34: 102034.

[97] LI Yang, BAI Minli, ZHOU Zhifu, et al. Experimental
study of liquid immersion cooling for different cylindrical
lithium-ion batteries under rapid charging conditions[J].
Thermal Science and Engineering Progress, 2023, 37:
101569.

[98] HIRANO H, TAJIMA T, HASEGAWA T, et al. Boiling
liquid battery cooling for electric vehicle[C]//2014 IEEE
Conference and Expo Transportation Electrification Asia-
Pacific (ITEC Asia-Pacific). Beijing:IEEE, 2014: 1-4.

[99] VAN GILS R W, DANILOV D, NOTTENPHL, et al.
Battery thermal management by boiling heat-transfer[J].
Energy Conversion and Management, 2014, 79: 9-17.

[100] GOODARZI M, JANNESARI H, AMERI M.

Experimental study of Li-ion battery thermal management



based on the liquid-vapor phase change in direct contact with
the cells[J]. Journal of Energy Storage, 2023, 62: 106834.
[101] AL-ZAREER M, DINCER I, ROSEN M A. Novel
thermal management system using boiling cooling for high-
powered lithium-ion battery packs for hybrid electric
vehicles[J]. Journal of Power Sources, 2017, 363: 291-303.
[102] 4N, PR« 5T UbiEA A 3h 7y mit v
AT E B AD] TR, 2022, 5009): 43-47. (LI
Xiaoqing, CHEN Shanfei. Simulation research on thermal
management of power battery based on boiling cooling[J].
Chemical Engineering (China), 2022, 50(9): 43-47.)

[103] AL-ZAREER M, DINCER I, ROSEN M A. A novel
approach for performance improvement of liquid to vapor
based battery cooling systems[J]. Energy Conversion and
Management, 2019, 187: 191-204.

[104] WILLIAMS N P, TRIMBLE D, O’SHAUGHNESSY
S M. Liquid immersion thermal management of lithium-ion
batteries for electric vehicles: an experimental study[J].
Journal of Energy Storage, 2023, 72: 108636.

[105] LI Yang, BAI Minli, ZHOU Zhifu, et al. Thermal
management for the 18650 lithium-ion battery pack by
immersion cooling with fluorinated liquid[J]. Journal of
Energy Storage, 2023, 73: 109166.

[106] Z&g. FEFaS Tl v i 2032 35 Qi o i i A 9 1
FeRFPERTFT[D]. AR B K%, 2023, (JIANG
Wei. Heat transfer characteristics of unsteady-state battery
thermal management with immersion flow boiling[D].
Xuzhou: China University of Mining and Technology, 2023.)
[107] KOSTER D, MARONGIU A,
CHAHARDAHCHERIK D, et al. Degradation analysis of
18650 cylindrical cell battery pack with immersion liquid
cooling system. Part 1: Aging assessment at pack level[J].
Journal of Energy Storage, 2023, 62: 106839.

[108] ZHOU Haikuo, DAI Chaohua, LIU Yang, et al.
Experimental investigation of battery thermal management
and safety with heat pipe and immersion phase change
liquid[J]. Journal of Power Sources, 2020, 473: 228545.
[109]1000 FFRLINZEFIHBIZE Miss RIJ]. @RHE S
1k, 2018(5): 9. (1000 kW electric vehicle Miss R[J]. High-
Technology & Industrialization, 2018(5): 9.)

[I10]LION Smart - LION light battery: lithium-ion cell
technology[EB/OL]. [2023-06-22].
https://lionsmart.com/en/lion-light-battery-en/.

[[11]MIVOLT liquid immersion cooling fluids[EB/OL].
[2023-05-04]. https://mivoltcooling.com/.

[112] Moveko — F1E)1% 3] 2 48178 H R il ¥t [EB/OL].
[2023-05-18]. http://www.moveko.fi/.

[113] Home-E-mersive[EB/OL]. [2023-08-10]. https://e-
mersiv.com/.

[114]XINGMobility. IMMERSIO™ XM25: The world’s
first production-ready immersion-cooling battery system

[EB/OL]. [2023-08-28].
https://www.xingmobility.com/en/products/.

BEEEEN

e, 2, %, WAAESIN, WriiokEEHA S5KE
T, (0571)87953944, E-mail: hanxh66@zju.edu.cn.
WHFTTIA: EATUERE AR (FERREH. HodiE
U SRR AR EN B AR L Bl ) B R IR P B
AR TR AR L )74 70t 55 RIS &% PR R B R

About the corresponding author

Han Xiaohong, female, professor/doctoral advisor, Institute
of Refrigeration and Cryogenics, Zhejiang University, 86-
571-87953944, E-mail: hanxh66@zju.edu.cn. Research
fields: high heat flux heat dissipation technology (mainly
heat pipe heat dissipation, microchannel heat dissipation and
immersion liquid cooling technology), immersion liquid
cooling of power battery, refrigerant replacement technology,
refrigerant leakage, refrigerant recovery, recycling and
reclamation.


https://www.xingmobility.com/en/products/

