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Abstract

Driven by the goal of “double carbon,” the new energy automobile industry has developed rapidly.
The performance and life of power battery, the core component of new energy vehicles, directly
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determine the development of the whole vehicle. Lithium-ion batteries are very sensitive to tem-
perature. Under high-rate charging and discharging conditions, it is easy to produce local heat ac-
cumulation, accelerate capacity fading and even cause thermal runaway. In this paper, a collabora-
tive thermal management architecture is proposed, which combines a liquid cooling system and a
flexible composite phase change material. At the same time, the application potential of a new ultra-
thin soaking plate based on wetting grid design in local hot spot heat dissipation of the module is
verified. Through the experimental test, Under 5C high-rate discharge, the system held the maxi-
mum module temperature at 48.1°C, 24.45°C and 14.5°C lower than the natural-convection module
(72.55°C) and the pure-PCM module (62.6°C) respectively, with the in-module temperature differ-
ence kept around 3°C, below the 5°C uniformity target. In addition, it is found that the thermal re-
sistance of the ultra-thin soaking plate with 65 pm wetting grid pattern is reduced to 0.058°C/W at
the optimal liquid injection rate of 61.6%, which can well realize the component-level scheme of
local hot spot management of high power density battery module.
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Figure 1. Surface temperature variation curves of the battery under different discharge rates
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Figure 2. Relationship curves of d7/Idt versus discharge current I
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Table 1. Heat generation rates of the battery under different discharge rates
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Figure 3. Preparation flowchart of flexible composite phase change material
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Figure 5. Heat transfer mechanism of W-PCM
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Figure 6. Temperature variation curves of battery modules under different discharge rates
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Figure 7. Temperature variation curves of battery modules under different discharge rates
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Figure 10. Comparison of spreading thermal resistance and vertical thermal resistance of ultra-thin vapor chambers under
different filling ratios and heat fluxes: (a) 57.2% filling ratio: spreading thermal resistance; (b) 61.6% filling ratio: spreading
thermal resistance; (c) 66.0% filling ratio: spreading thermal resistance; (d) 57.2% filling ratio: vertical thermal resistance; (e)
61.6% filling ratio: vertical thermal resistance; (f) 66.0% filling ratio: vertical thermal resistance
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Figure 11. Comparison of in-plane effective thermal conductivity of vapor chambers with different evaporator structures under
optimal filling ratio (61.6%): (a) spreading thermal resistance; (b) vertical thermal resistance; (c) effective thermal conductivity
11. RFIERZE61.6%) TAEERLIGEHRIIFREABTELSARBIILL, (a) THAKE; (b)) EERME; o B
HIFRERY

TERR ARG L Weem 2) R, = FPE5 MRS I A A S IR B REBUN. 2RI, SN
JEZETE 2 16 Weem 2 I, ZRTHIENE M #6 BT R A AL S 2 38 0K : P65 AT POO IR THI N A 2503 FA &R 500l
T2 5255.2 W/(mK)H1 4487.6 W/(m'K), 176K Z(No Pattern) Ff i A 4ERF7E 3500 W/(m'K) /e A5 .

RIS IR B AR BR B, 0 B SRR T A RS AR BRI B0 T R ss, R NS
WAGHSZPH, Ol AL PR (B PR B IS AR ) T P65 A&l I P A 243 B R EUU 2 B B R =X
BT, BemiAE] 11499.6 W/(mK).

DOI: 10.12677/ms.2026.169180 43 PR R


https://doi.org/10.12677/ms.2026.169180

B A

HLER > WY, B/ INTALEE B A A P (P65 1) 2% A o RE % S (it SR R PR RE SR T . HLBF AR AKX
R K By 588 S K 5 5 AR R A B OB IR GRS, — 7 A% b B3R At 1 S B A IS ER AV s
AT ARG 3 1 R B AT, I T A ) [ 3 5 e

5. MBAWEE S

B HAONRT & LWOS10 ARFR VAN R R KPS A A 52 B 23 0 N+0.9% +£0.2%
H1£0.4%; NFAES VU DA GAT RGN, SEIAGR L) 0.41 W, FIXHRNIIRIR/N, 7288, il
MR, RMIREE 5 52 T AU (Omega B, TT-T-30-SLE-1M, ¥5E+1C)IZ S T, wIAEE
HAVEI S35, BH I E IR 26 34972A Bl R4 RS T BBGEAE, RESVIE 0.1°C,
ICHSFRRRI T 2R AR SRS FE v+1.0°C o FLE . FLIA B 78 A AR A CE-7002-100V300A 5%, A%
TR PRI T R DR

IR E X R W HIFMIR N 5C TR, W-PCM HE2H f i (48.1°C) bk F SR VA E AR 2
(72.55°C) N2l AHAS VA HI R ZH(62.6 C YK 14°C~24°C, 1L KT F S IR RS B2 (£1.0°C LAY s AR PN BB K IR %
3CHA ML RAELL.0CIIEREEE N R 33, HZRIERFE ZI. P6sS BIIHMR MM A T AR
(11499.6 W/(m-K) 21N TG B SRS I 3.3 £, AR R T4 A\ D) 26 5 15 FE W & ) & BN e B2, 97 BIGRBE
0.058°C/W [HE5 AN Z M . M B iR A S AR I B

6. &t

A SCER N B S AR 5 AR T R BRI AR A T A R e A S R BRI, MR AR AL
il ARG F R BB RO R S TS S ARIAT T R IL, FEAH LIS

(1) H R PR 5 RO R AR LR M IE MO . A4 iR TH 9258 6 % A4k Bernardi HVBEALHE,
B THIBAE 5C W i 1 R R A TR EIA 45.69 W, R . H R 1 B AR R Bk Bl X
A O R R TR, o B2 A B B 51 R R, EE 7 A 32 30 30 AR B R #VE B R 5
HA TR IR

(2) “IKA + FHEEEMHEBW-PCM)” ARG A RIEZESR A S . SEBS/EG/PA S G
MBS RMEFTERIEE ML, SWAEMNBEIG, 16 SC ZE S8 PR 5 Mt Hh He s 20 A o il 2 il 7
48.1°C, L ESRAHIMELL(72.55°C)FILli AR VA EIARLL(62.6°C )53 MK 24.45°CH1 14.5°C, WL A0 Be KR %
TREFTE 3CL A, KT STHIMIIRER.

(3) A2 U X s e T 35 R L X T R R 0 v AT 2 X A R . BT IR SR 5 T A
TEEH) “IBE” X3, Wil TR 0.228 mm. 5 2 N TN & A W B E R 27 T X A ) 2
B £ 61.6%RMITEREZF P65 Bi/K B EEE N, [ NA M FHRALOET] 11499.6 W/(m'K), ZIATEIZEMN
) 3.3 i, 3 HGASH AL 0.058°C-W L,

MESEE S ) TAERN, DR s TSEbril @, A L, BAMAR R HosE e DL
PP K e B, REBMHS ESERE LT, R&AMEHEAE & THEERE, M B EE
BRI ELE . SHEHEREZIMN A BE T2 RAR= &R T, WRAH EE BRI il E
N FBAEREII PR, Z BTN TR BRI — B R, fibE R R AL A MM R R
IR T Z A WE R, ES AR A n s SR R e A T 4T B o K mT 580 75 25 il i
BOE, FHZEM R 2 UOH ARG S 19 RO S TORAR 8 M VA B IR K B 5RO . s 3K
Wi T TR S8R TR R, H ATsh = e85 . SER05 T, 0.228mm JE 1)
PROHAF LT8R, (HE SHlE . BASMmFRERe, TR4546 B mibik /REuERmR. F8T

DOI: 10.12677/ms.2026.169180 44 PR R


https://doi.org/10.12677/ms.2026.169180

T

TESMRRRA . TR S R, 25 AL R -
EETH

JoMI RN LRI H (2025A0313484)

SE

(1]

(2]

(3]

(4]

Sun, H., Wang, X., Tossan, B. and Dixon, R. (2012) Three-Dimensional Thermal Modeling of a Lithium-Ion Battery
Pack. Journal of Power Sources, 206, 349-356. https://doi.org/10.1016/j.jpowsour.2012.01.081

Mohammadian, S.K. and Zhang, Y. (2015) Thermal Management Optimization of an Air-Cooled Li-Ion Battery Module
Using Pin-Fin Heat Sinks for Hybrid Electric Vehicles. Journal of Power Sources, 273, 431-439.
https://doi.org/10.1016/j.jpowsour.2014.09.110

Tousi, M., Sarchami, A., Kiani, M., Najafi, M. and Houshfar, E. (2021) Numerical Study of Novel Liquid-Cooled Ther-
mal Management System for Cylindrical Li-Ion Battery Packs under High Discharge Rate Based on Ago Nanofluid and
Copper Sheath. Journal of Energy Storage, 41, Article 102910. https://doi.org/10.1016/j.est.2021.102910

Ding, Y., Ji, H., Wei, M. and Liu, R. (2022) Effect of Liquid Cooling System Structure on Lithium-Ion Battery Pack
Temperature Fields. International Journal of Heat and Mass Transfer, 183, Article 122178.
https://doi.org/10.1016/j.ijheatmasstransfer.2021.122178

LT, s, WReE, & BT R RS B BETHI]. BIEECR, 2022, 46(3): 271-275.

Hallaj, S.A. and Selman, J.R. (2000) A Novel Thermal Management System for Electric Vehicle Batteries Using Phase-
Change Material. Journal of The Electrochemical Society, 147, Article 3231. https://doi.org/10.1149/1.1393888

Liu, J., Fan, Y. and Xie, Q. (2022) An Experimental Study on the Thermal Performance of Mixed Phase Change Mate-
rials-Based Battery Cooling System. Journal of Energy Storage, 46, Article 103839.
https://doi.org/10.1016/j.est.2021.103839

Parameshwaran, R., Deepak, K., Saravanan, R. and Kalaiselvam, S. (2014) Preparation, Thermal and Rheological Prop-
erties of Hybrid Nanocomposite Phase Change Material for Thermal Energy Storage. Applied Energy, 115, 320-330.
https://doi.org/10.1016/j.apenergy.2013.11.029

EH#eds, i, Pt BT PA/OBC/EG & & HIZSH BB - f it S8 BEBIE 72 (7). AL T8 A4 R, 2022,
50(11): 141-146+152.
Xie, Y., Li, H.,, Li, W., Zhang, Y., Fowler, M., Tran, M.K., et al. (2022) Improving Thermal Performance of Battery at

High Current Rate by Using Embedded Heat Pipe System. Journal of Energy Storage, 46, Article 103809.
https://doi.org/10.1016/j.est.2021.103809

Singh, R. and Nguyen, T. (2021) Loop Heat Pipes for Thermal Management of Electric Vehicles. Journal of Thermal
Science and Engineering Applications, 14, Article 061010. https://doi.org/10.1115/1.4052348

Zhou, Z., Lv, Y., Qu, J., Sun, Q. and Grachev, D. (2021) Performance Evaluation of Hybrid Oscillating Heat Pipe with
Carbon Nanotube Nanofluids for Electric Vehicle Battery Cooling. Applied Thermal Engineering, 196, Article 117300.
https://doi.org/10.1016/j.applthermaleng.2021.117300

DOI: 10.12677/ms.2026.169180 45 PR R


https://doi.org/10.12677/ms.2026.169180
https://doi.org/10.1016/j.jpowsour.2012.01.081
https://doi.org/10.1016/j.jpowsour.2014.09.110
https://doi.org/10.1016/j.est.2021.102910
https://doi.org/10.1016/j.ijheatmasstransfer.2021.122178
https://doi.org/10.1149/1.1393888
https://doi.org/10.1016/j.est.2021.103839
https://doi.org/10.1016/j.apenergy.2013.11.029
https://doi.org/10.1016/j.est.2021.103809
https://doi.org/10.1115/1.4052348
https://doi.org/10.1016/j.applthermaleng.2021.117300

	新能源动力电池系统高效热管理技术研究
	摘  要
	关键词
	Research on Efficient Thermal Management Technology of New Energy Power Battery System
	Abstract
	Keywords
	1. 引言
	2. 动力电池发热特性分析
	3. 协同热管理系统的构建与验证
	3.1. 柔性复合相变材料的制备与表征
	3.2. 协同系统的均温与控温性能分析

	4. 局部热点的超薄均热板潜力探索
	4.1. 润湿网格蒸发端结构与实验设计
	4.2. 超薄均热板传热性能分析
	4.2.1. 注液率对均热板性能的影响
	4.2.2. 润湿网格间距对极限传热性能的强化


	5. 测量不确定度分析
	6. 结论
	基金项目
	参考文献

