(RS

Journal of Refrigeration

B RS :0253-4339(XXXX)XX-0001-09
doi: 10.12465/issn.0253-4339.20250316001

WHETEREHRERRNERBMATIELWHAR
FEHE' MR FEH' NXF ATE BB ETEH
(1 REEUKXFVNHITEFR XiE 300134; 2 LB AKRZFEBEHNSHHIEZERE JtEHE  102206)

 E R T —RET AR A B R S A SR AR AE AR R S B U v . AR A AR A R T
B BIR A T i, AR T SURHZE 3R BE (30 °C/S0 “COBREE L5 , 45 A W Ak A7 55 1) 125 R 4AE 5 0 i (9 22 AL SRR L R % 17 FLA LA
SRR RE R B A AR R . LI EE AR AE 40 CHELREEFN S CRATZ T LT, 2R FHXUZ A A2 bR Y H 1t 20 VR T
(43.3 °C) L AR AR (69. 6 °C) A 37. 8% ; EARIRIAE (=10 “CHI0 °C)F , BUZHFAAS A k38 1t AR A8 VPRI 15 FL B il B )
PER 358 7 B A 3L TAETRBEVO . X A ARSI Z 0 20 RORIAE HL I S T TR (—10~40 °C) MR REAVET B, S L b 3Mie &
TR T RDE R B8, HAT W TR FH A

KA ODUHAS A RE 5 st AV B s A /I KA SR o 5 e IR R

hE S ZES: TB61%1;TMI12 HERERIRAD : A

Experimental Study of Dual-PCM Gradient Thermal Management for Lithium-
Ion Batteries with Wide Temperature Ranges

Wang Tieying' Liu Songsong' Su Yuanxiang' Liu Shengchun' = Shi Qianlei”® Xu Chao® Liao
Zixuan'

(1. School of Mechanical Engineering Tianjin University of Commerce, Tianjin, 300134, China; 2. School of Energy
Power and Mechanical Engineering, North China Electric Power University, Beijing, 102206, China)

Abstract In this study, a new method for passive thermal management of lithium-ion batteries based on paraffin/expanded graphite/
bamboo charcoal composite bilayer phase-change materials is proposed. To solve the problem of the limited temperature-control range of
existing phase-change materials, a dual phase-change temperature (30 “C/50 °C) gradient structure is constructed, and a composite
phase-change system with dual phase-change temperature regulation is developed by combining the high thermal conductivity of
expanded graphite with the porous adsorption properties of bamboo charcoal. Based on these the results, at 40°C ambient temperature and
under 5C large multiplication rate working conditions, the temperature increase of the battery constructed using the double-layer phase-
change material was 37. 8% lower than that of the battery constructed using the non-phase-change material group (43.3 ‘C vs. 69.6 C,
respectively) ; at low temperatures (=10 °C and 0 °C), the double-layer phase-change material extended the battery’s effective working
temperature range through the synergistic effects of the latent heat release of the phase change and heat storage in the pores. The
composite phase-change system realized intelligent thermal management across a broad temperature spectrum ( = 10 - 40 °C) via the
dual-phase-change mechanism, providing an innovative solution for the thermal safety regulation of batteries, which has significant
engineering application value.
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spectrum temperature regulation
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Tab.1 Phase change material to matrix ratio

FEdh PA-30/g PA-50/g EG/g BC/g
Al 1.5 0 1 0.5
A2 0 1.5 1 0.5
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Tab.2 Phase transition result

. *H&ﬁﬁé?%rg/"c *H&Ezﬁﬂiiﬁrgfc ‘(‘%m/u/@
TSRS TR, W AIR 4G
PA-30 28.4/26.9 33.0/22.9 188.1/184.1

Al 28.0/28.1 31.6/23.6 97.3/92.9
PA-50 53.8/54.2 60.9/47.3 235.6/231.2
A2 53.2/54.3 59.6/46.8 110.5/108.4
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