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Abstract

Effective thermal management of power batteries can significantly improve the range of electric
vehicles. In this paper, a phase change energy storage multi-tube heat exchanger is designed, com-
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bined with a liquid cooling system, to realize summer and winter thermal management multi-tube
heat exchanger. We evaluated the effectiveness of the phase-change energy storage multi-tube
heat exchanger through transient simulations using ANSYS finite element software. We also con-
ducted experiments to test the thermal management effectiveness of the coupled phase-change
energy storage multi-tube heat exchanger and liquid cooling system on power battery modules.
The simulation analysis showed that by studying the summer cooling performance of the energy
storage multi-tube heat exchanger and analyzing its heat transfer power curve, we could predict
the trend of temperature changes in the battery pack in an actual thermal management system,
which would decrease first and then slowly rise. Additionally, the simulation analysis indicated
that the multi-tube heat exchanger could provide 1948.1 K] of heat energy for passenger com-
partment heating within an hour in winter. The experimental results demonstrated that the pro-
posed thermal management system effectively controlled the heat generation of the battery pack
and maintained the battery pack temperature within the optimal operating temperature range.
Moreover, the trend of the battery pack temperature changes observed in the experiments was
consistent with the trend predicted through simulation analysis. In summary, this study proved
the proposed thermal management system’s effectiveness and reliability, providing a reference
for its application in electric vehicles.
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Figure 1. Application principle diagram of energy storage heat exchanger
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AL T B AR (CATL) T K 1 NCM 7 5% HL S #4) fi 1) VDA355 (Verband Der Automobindustrie 355) 4%
Hr= BT TR R, AR HARINTE VTS (Vehicle Technical Specification) 7 %t 3l 7 it R 4t SSTS (Sub
System Technical Specification) )R b B 5y 65 kWh [10], 7% 24 /> VDA355 41 #)f, CATL fit
L P A B AN [R5 2 R AR I S NCM LS AR R 4 1 BoR[11]. 456 M ah 421 % T b 1 S br
TR, W1 05 CAEZFMATN, XM HEZNETH T NE SR LA N, 110~120 km/h FFIT )5 251
RY:, WORAA5°C. 0.5 C L Bl I it~ Gl S
Table 1. Relevant thermal property parameters of capric acid-paraffin/10% expanded graphite composite phase change ma-

terials
1. BB - AE/10%E KA EE SHETHRAEX RS

M2 Bl
=g 859 kg/m®
EL A 2.24 kJ/(kg-K)

SHEAY 0.958 W/(m-K)

HHAR T R 140 ki/kg

e A IR 27°C

JEA IR 29°C

P HUR B 0.0004
FhE 0.0014
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Figure 2. Storage tank heat exchanger structure drawing
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Table 2. Tank design parameters

=2 EEERIT SR

B ZH
F 25 65 kwh
JECHLR FE 45°C
Y GER RS 05C
7 ISR A 0.2
LN el s 363.4 kJ
LIRS 100 W
HA M B 0.859 g/lcm?®
A RERE AR P 140 ki/kg
Jir it 7% 18] >3.02L
WE R 9
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Figure 3. Variation curve of heat transfer power of multi-tube heat exchanger
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Figure 4. Rate nephogram of liquid phase without cooling
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Figure 5. Open cooling liquid phase rate nephogram
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Figure 6. Curve of liquid phase rate and mean temperature during heat release
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Figure 7. Schematic diagram of thermal management system
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Figure 8. Test diagram of thermal management system
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Figure 9. Temperature variation curves of battery box under three test conditions
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Figure 10. Temperature rise curve of circulating waterway water temperature
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