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Abstract

This paper develops a simulation model of phase change material (PCM) battery pack using Fluent
software and employs it to investigate the PCM battery pack’s thermal performance along with its
key influencing factors. The results show that compared to natural convection cooling, PCM cooling
can reduce the maximum temperature of the battery pack by 3 K, 8 K and 6 K at discharge rates of
1C, 2C and 3(, respectively. In the cooling stage after discharge, the maximum temperature of the
battery pack gradually decreases, but PCM solidification exhibits obvious hysteresis. The liquid
fraction finally drops only from 1.0 to approximately 0.75, indicating a significantly slow latent heat
recovery rate. At 2C discharge rate, when the inter-cell spacing increases from 1 mm to 6 mm, the
maximum temperature difference within the battery pack decreases from 8.40 K to 3.58 K, repre-
senting a significant reduction of 57.4%. With the increase of cell spacing, the maximum tempera-
ture of the battery pack decreases, while the system mass increases by 13.47% and the volumetric
energy density decreases by 25.79%. The maximum temperature of the battery pack increases with
the rise of PCM melting point. When the thermal conductivity is increased from 0.21 W/(m-K) to
4.21 W/(m-K), the maximum temperature of the battery pack decreases by 7 K. Additionally, in-
creasing the latent heat of the PCM also contributes to a reduction in the battery pack’s maximum
temperature. The findings elucidate the influence patterns of key factors on the performance of
PCM-based thermal management systems, which can provide a theoretical basis for the design and
optimization of thermal management systems in lithium-ion battery packs.
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Figure 1. Experimental procedure flowchart
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Figure 2. Battery internal resistance at different discharge rates
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Table 1. Specific parameters of Panasonic 21700 lithium-ion battery
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Table 2. Thermal properties parameters of lithium-ion batteries [21]
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#include "udf.h"

DEFINE_SOURCE(cell_source, cell, thread, dS, eqn)
{

real source=8, ts, tem;

real sOC, T;

// #if IRP_HOST

ts = RP_Get_Real("flow-time");

tem= C_T(cell, thread);

SOC = 1 - ts / 3688;

T = tem - 273.15;
source =(4.7%4.7%(165.2035-249.3904*S0C-2.4954*T+
639.8626*SOC*SOC+8.1757*%S0C*T+8.0302*%T*T-
660.7641*SOC*SOC*SOC-2.0923*SOC*SOC*T+
8.0541*%SOC*T*T+226.7103*S0C*SOC*SOC*SOC+
3.9511*SOC*SOC*SOC*T
-8.8989*SOC*SOC*T*T) /100044 .7%0.01116) /8.080800824245;

/% el BRI

return source;

Figure 3. UDF heat source program for 1C discharge
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Figure 4. The battery cells are arranged with uniform spacing
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Table 3. PCM material properties [22]
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Figure 5. PCM battery pack geometric model and mesh model
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Figure 6. Battery temperature at different time steps
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Figure 7. The maximum temperature of the battery pack at different discharge rates.
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Figure 8. Liquid fraction and maximum battery module temperature during discharge and cooling stages

& 8. AN B VR AR R A A R =R

3.3. BpkeRtBIBR XY L it 4R B AR 4 RE RO R AR

FEL Vb [ B 5 RV 2 PV BEVE BB QB R 25 . ik, ARSCHE 25 CHRERIRLEE . 2C AR R T, £FX)
BRHBAEE d=1mm. d=2mm. d=3mm. d=4mm. d=5mm. d=6mm & I i &7, A
(i) L, it R 2 6 Y 2 A B P 32 M A

325
=— Imm
e 2mm
320 - —a—3mm -
v 4mm /./_'
s ¢ Smm a oi
® < 6mm a - == ' 2
~ /7‘77;:;' "Q"' %
X 310
Juc|
i
0% 305
300
295 1 1 1 1 1 1 1 1 1 1

-200 200 400 600 800 1000 1200 1400 1600 1800 2000

BFTE] ()

Figure 9. Maximum temperature of battery packs with different spacing
9. NEEEAEMARSRE

DOI: 10.12677/is1.2026.102062

501 YRR


https://doi.org/10.12677/isl.2026.102062

R
i
KED
48

P 9 AN AR s IR BE T, Pt 4 e e B BN TR AR b 2 . E I O FTR B, B frk e b ) PR
/N, R ZE 0 S LR b TR AR TSR A RS L R SRR R I FE B 1 mm 300 % 6 mm, K
HEL 2 RO F v ZH B il 320 K 22 T 314 K, KA 6 Ko X —FLRAEKE] 10 Fizrifl 1 mm f1 6
mm [8)EEN H 2R A s B AR R TR X BLGR T e B TR BE R K, AN AL A B
RIEM PCM BEZE)E, HATHEbAATE N PCM &2 HE £, Hik PCM B SME Sighae iR, Bk
REWL ISR 22 4B, A5 20 e IR T o [EI, PCM L4 AE/NEIEE R, PCM J2 b, Bg v ) [X 3
(1) PCM IR Ja S A Ab SRR BT B BIHBARES, R EEERITEE S, & it 4 i
TR SR BT AR RIRIEE R, BT L) PCM fiRNTE A 2 (], EATHCE S Frathli,

T S 25 503 v 2 PR IR
B
, Wy 1
N e

d=1mm d=6mm

Figure 10. Temperature distribution contour maps of battery packs with different spacing
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Figure 12. Performance of PCM-equipped battery modules under different cell spacings
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Table 4. Indicator weights calculated by the entropy weight method
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Table 5. Comprehensive evaluation results of different battery spacing schemes based on TOPSIS
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Figure 13. The effect of PCM melting point on the maximum temperature
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Figure 14. The effect of thermal conductivity on the maximum temperature
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Figure 15. The effect of latent heat of phase transition on the maximum temperature
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