%15 % % 3 it B& A ¥ 5 # K Vol.15 No.3
2026 3 H Energy Storage Science and Technology Mar. 2026

| RGBS IF R A ET |

Y.

HEMBESZT|SHAREGARMRERREERHAR

A, Bz, TER
CYLH RN TR, T0F BT 212013; 2HE o Tl K RERRRY 5 TR R, YL75
FER 211816 AR R TR0, E 9% B15 2TT)

1§ E: 8% A (phase change material, PCM)4-2p 2 s b 4% 3 b & F 6977 X, BeB R b A48 % 3
HOMGR N RERA %S ES, KAf, BFEETFTUREAMMHAG ELMARER LY 2R, LR EESL
FEBA B GRE T, AUREE PCM A 203 A A ZUH IR R B3 A8 &, A, ABFRRE -4 46 PCMAHE
52 A SRR A R A TR0 iR R A B A — A E A SR IRALA 2, BRSSO B T 6k
¥, BHRATHAEINAELEZARETAE, AASMAEFE ML EMEARN KX P BRSO A.
HREREN, EEHNEZAREATHEST, EXR—ANEDCH BN ATIABIR)MX L ILE, 4x4 7|57
RAKE A F] T 290.51 K, 2x2 74 A T 69 R AKMREA S 7 293.34 K, a4 & T 2.83 K, JFH@ B T A4
TSI BA G M AL, R B AN-THREZNEE ThAEHER, BIRAMmT, SR 2x24 A% 0T,
FAARILE) HAMA mm g m £ 3 mm, A& AL 69 F 3R E 1K 2.06 K; R 3x3HAMEF], ERIA 3L
BEAT(EPAT MM E3 mm), PHBENERE—FT KE2296K;, mLEsfE ks 4x4nt, F3RE
Bf%3.01 K, 27 HREAIHEERA.

KPR wbREIE; RASRAN,; LA BALAEM

doi: 10.19799/j.cnki.2095-4239.2025.1173

FESES: TM911; X932 XEktRERE: A YEHRS: 2095-4239 (2026) 03-838-10

Performance study on a hybrid battery thermal management
system combining phase change materials with air jet
impingement

YUAN Changshun’, ZHAO Yangqi"?, DING Yulong®
("School of Mechanical Engineering, Jiangsu University, Zhenjiang 212013, Jiangsu, China; *School of Energy
Science and Engineering, Nanjing Tech University, Nanjing 211816, Jiangsu, China; *School of Chemical
Engineering, University of Birmingham, Birmingham B15 2TT, United Kingdom)

Abstract: Phase change material (PCM) cooling is a widely used method for managing
battery thermal conditions, where the temperature uniformity across battery modules can be
maintained while ensuring system safety. However, due to the inherent differences in
structural and thermal properties between the positive and negative electrodes of lithium-ion
batteries, significant temperature disparities often arise at either end. Solely relying on PCM
cooling proves challenging in effectively mitigating these localized thermal risks. This study
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proposes a hybrid thermal management strategy that combines PCM cooling with air-jet
forced cooling. Specifically, enhanced air-jet cooling is applied to the positive electrode side,
with the entire module being encapsulated in paraffin. By varying the arrangement of the jet
array and the air mass flow rate, this study systematically analyzes their effects on the
battery's temperature during vehicle energy consumption and driving range tests. The results
show that under controlled air mass flow conditions, after one New European Driving Cycle
(NEDC) test cycle is completed, the minimum temperature recorded was 290.51 K with a 4 x
4 jet array, compared to 293.34 K with a 2 x 2 array, which is 2.83 K higher. In addition,
modifying the structural parameters of the jet cooling system resulted in a significant decrease
in the average temperature of the battery module. For example, when a 2 x 2 jet array was
used, increasing the jet orifice diameter from 1 to 3 mm reduced the average temperature by
2.06 K. Similarly, with a 3 x 3 jet array, the same increase in orifice diameter led to a larger
reduction of 2.96 K. When the configuration was upgraded to a 4 x 4 array, the average
temperature dropped by 3.01 K, indicating the most significant enhancement in cooling
performance.
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Table 2 Parameters of lithium-ion battery
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different import speeds
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