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Research on Transient Thermal Management Strategy for Battery

Pack Charging Based on Co-simulation

LIU Feifei, ZOU Pengzhi, REN Yi, QIN Wu, CHEN Xianfu

(School of Mechatronics & Vehicle Engineering, East China Jiaotong University, Nanchang, 330013, China)

Abstract: In order to address transient temperature control and energy consumption issues during the charging of lithium-ion batteries
in cold environments, a prismatic lithium-ion battery was selected as the research subject. Using Star-CCM+ and Amesim software in
combination, a thermal management simulation of the liquid-cooled power battery pack was conducted. The effect of charging the
battery pack at different cooling start temperatures, preheating temperatures, and preheating powers was investigated. The results
indicate that during the preheating phase, using a 6000W heating element to preheat the battery pack from -30°C to 0°C reduced the
charging time by 31.62%. When the average battery temperature reached 40°C, cooling and heat dissipation were initiated, resulting
in a 10.19% reduction in charging time.The temperature difference within each module of the battery pack ranges from 2.01°C to
2.59°C. The research results can provide certain theoretical references for the low-temperature heating charging control and heat
dissipation technology of electric vehicles.
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Fig.1 Geometric model of the battery pack
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Fig.3 Model grid and boundary layer diagram
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Fig.4 Mesh independence results
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Fig.5 Heating and charging model of the power battery pack
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Table.1 Charging current limits for the power battery

T/ESC 0 10 20 30 40 50 60 70 80 90 95 100
-10 0 0 0 0 0 0 0 0 0 0 0 0
-5 0.1 0.1 0.1 0.1 0.07 0.07 0.05 0.05 0.05 0.05 0.05 0.05
0 0.2 0.2 0.2 0.2 0.12 0.12 0.08 0.08 0.08 0.08 0.08 0.08
5 0.35 0.35 0.35 0.35 0.25 0.25 0.19 0.16 0.13 0.12 0.12 0.12
10 0.68 0.68 0.68 0.56 0.5 0.5 0.37 0.37 0.37 0.37 0.37 0.2
15 0.9 0.9 0.9 0.9 0.7 0.6 0.5 0.5 0.5 0.5 0.5 0.2
20 1 1 1 1 1 1 1 1 1 0.5 0.5 0.2
25 1 1 1 1 1 1 1 1 1 0.5 0.5 0.2
30 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.5 0.5 0.2
35 0.8 0.8 0.8 0.8 0.8 0.8 0.8 0.8 0.8 0.5 0.5 0.2
40 0.7 0.7 0.7 0.7 0.7 0.7 0.7 0.7 0.7 0.5 0.5 0.2
50 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.2
60 0.28 0.28 0.28 0.28 0.28 0.28 0.28 0.28 0.28 0.28 0.28 0.2
65 0 0 0 0 0 0 0 0 0 0 0 0
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Table.2 Thermal physical parameters of batteries
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Table.3 Main parameters of the battery cell
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Table.4 Internal resistance values of the battery corresponding to different SOC and temperatures.

SOC%
7°C 10 20 30 40 50 60 70 80 90 95 100
-30 52.75 2351 1078 837 5.97 3.56 1.16 1.10 1.04 0.98 093 5275
-20 51.19 1744  4.02 3.30 2.58 1.86 1.14 1.08 1.02 0.97 0.91 51.19
-10 4.93 2.75 1.85 1.75 1.64 1.54 1.44 1.32 1.20 1.08 0.95 4.93
0 4.2 2.08 1.24 1.21 1.17 1.14 1.10 1.03 0.96 0.88 0.81 4.2
10 3.38 1.57 0.87 0.87 0.87 0.87 0.87 0.83 0.80 0.76 0.73 3.38
25 2.02 1.07 0.71 0.72 0.72 0.73 0.74 0.72 0.70 0.68 0.67 2.02
40 1.08 0.71 0.60 0.63 0.67 0.71 0.74 0.69 0.64 0.58 0.53 1.08
50 0.99 0.93 0.53 0.59 0.66 0.72 0.78 0.70 0.62 0.54 0.45 0.99

2.3 HBKRTERIRF RN

R B A T R T SR AR B A SRR S R



(1) WEMERERAENIGREN 25°C, JEHibEE 1h;

(2) LLICTERFE HEA L HIE 3.65V, i3 it Ak AR O JE FE AR AL
(3) LA IC R EMIEHEE 2.5V;

(4) HEEBER1)~2), 48HILL0.33C F 1C HEATIE IR 78 H;

(5) FEHMRTECE 4 MABME, HFARBLRRIREE AT, bk 4 S0 A7 B AR R a0
7 MR 5 PR
I [ ! 10mm
T >Q 97mm
56.5mm Oet——-1,

E7 BEENSHEREE

Fig. 7 Schematic diagram of temperature monitoring point layout
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Table.5 The temperature at the monitoring points under different charge rates
REEER Ti/°C T2/°C T3/°C Tu/°C
0.33C 32.65 32.34 32.36 32.69
0.5C 37.27 37.26 37.28 37.33
1C 50.75 50.78 50.77 50.87
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Fig. 8 Mesh model of battery cell
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Fig. 9 Temperature distribution contour maps of battery at different charge rates
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Fig. 10 Experimental and simulated temperature variation of the battery over time at different discharge rates
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Fig.11 Schematic diagram of thermal management strategy
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Fig.12 Performance variation of battery pack at different heating power
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Fig.13 Performance variation of battery pack at different preheating temperatures
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Fig.14 Performance variation of battery pack at different cooling start-up temperatures
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Fig.17 Temperature variation along the y-axis at the center of the battery
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