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Design of a battery cooling system enhanced by synergistic
combination of TPMS and phase change materials

ZHENG Wenfeng, BAO Rongging, LIANG Lingmin, YAN Peipei, LIANG Yan
(School of Intelligent Engineering, Jiangxi Institute of Technology, Nanchang 330098, Jiangxi, China)

Abstract: To address the thermal saturation caused by the low thermal conductivity of phase-
change materials (PCMs) in lithium-ion-battery thermal-management systems (BTMSs), in
this study, we have designed an innovative composite thermal-management system that
features a triply periodic minimal surface (TPMS) exoskeleton arranged around the battery
and integrated with the PCM. First, we verified the reliability of the coupled heat-transfer
model for the battery-PCM through experimental tests of the internal resistance of the battery
under different states of charge. Subsequently, using the maximum battery temperature (T,..,)
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and maximum temperature difference (A T,,) as key evaluation metrics, we compared the
thermal-management performance of a pure PCM, a conventional fin-PCM, and a TPMS-PCM
configuration systematically at a 3C discharge rate. The results show that, for the same TPMS
volume fraction, the T, of the battery with the TPMS-PCM configuration is only 33.81°C,
which is 3.71°C (2.17°C ) lower than that of the pure PCM (fin-PCM) configuration, thus
demonstrating its significant cooling advantage. Parametric analysis revealed that increasing
the radial lattice density and volume fraction of the TPMS structure can enhance both cooling
and temperature uniformity. Among the tested configurations, the P-30-60 structure (30%
volume fraction, 60° circumferential distribution) exhibited the best overall performance, with
T.=33.74C and A T,,=3.02°C . To achieve a synergistic balance between thermal
performance and structural lightweighting, in this study, we propose a radially graded-density
TPMS design (P-VD). This design employs a higher volume fraction near the battery side to
enhance heat absorption and a dense thin-walled structure on the outer side to expand the
heat-dissipation interface. Compared to the P-30-60 structure, the optimized P-VD structure
reduces the volume of the TPMS metal skeleton by 30.4%, while further lowering T, by
0.54°C and AT, by 0.48°C, (AT, decreased from 3.02°C to 2.54C, a reduction of 15.4%).
Additionally, the heat absorption (dissipation) area increased by 66.89% (35.78%). The
proposed surrounding TPMS-PCM architecture and its graded-density design effectively
overcome the trade-off between material use and performance in homogeneous structures.
This provides an innovative and feasible design approach and a technical pathway for
achieving the multi-objective collaborative optimization of "efficient heat dissipation, excellent
temperature uniformity, and lightweight structure" in BTMSs.

Keywords: lithium-ion battery; triply periodic minimal surface; battery thermal management

system; phase change material
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Fig. 1 (a) Circumferential integration approach for TPMS-PCM-battery; (b) Schematic diagrams of different
numbers of circumferentially filled lattices
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Fig. 3 Experimental platform for single-cell testing of PCM cooling experiment
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Fig. 8 Three cooling schemes: (a) evolution of maximum battery temperature over time; (b) evolution of PCM
liquid phase fraction over time
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Table 3 Temperature results of TPMS porous

structures with different volume fractions and battery
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Fig. 12 (a) Maximum temperature results and
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Iz H Z AL mm? ZILGH AT A mm? W AT A /mm? R T mm?
P-10-180 1828.8 7163.1 495.3 6667.8
P-10-90 1819.2 7573.5 493.0 7080.5
P-10-60 1821.4 8162.1 491.9 7670.2
P-20-180 3626.4 7639.6 993.9 6645.7
P-20-90 3645.6 8046.6 998.1 7048.5
P-20-60 3645.3 8625.4 9971 7628.3
P-30-180 5499.4 8088.7 1532.7 6556.1
P-30-90 5490.1 8475.5 1528.7 6946.8
P-30-60 5476.4 9034.3 1516.7 7517.6
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