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Abstract

Lithium-ion battery has been extensively used as power source for electric
vehicles due to its high energy density, long cycle life and low self-discharge rate.
However, temperature has a great influence on the performance and life of batteries or
even leads to batteries thermal runway in extreme situations. Much attention has been
paid to Lithium-ion battery thermal issues, which are highly related to the
performance, lifetime and safety, and important factors in battery thermal
management design. Therefore, it is necessary to understand the thermal behaviors of
the cell during operating and design an efficient battery thermal management.

In this work, lithium-ion battery thermal behaviors and thermal management
system design are mainly concerned. Firstly, the Lithium-ion battery was investigated
by the charge/discharge tests. Secondly, a multi-component thermal model was built
and validated by experiments. Thirdly, the temperatures distributions of the battery
pack at different charge/discharge rates were experimentally studied. Finally, a
battery thermal management system with liquid cooling was proposed and analyzed
by numerical simulations.

(1)Temperature rise characteristics, voltage characteristics and capacity
characteristics of the battery were analyzed by charging/discharging tests. Based on
the charge test results, a stage division method of the temperature rise characteristics
of the lithium ion battery during charging process is proposed, and the characteristics
of each stage are summarized. In addition, a thermal imager was used to analyze the
temperature distribution of the battery cell at different discharge rates and depth of
discharge. On the basis of the experiment, a multi-component battery thermal model
was established based on the structural features of the 18650 battery and the 1C, 2C,
and 3C rates discharge conditions were simulation analysis using the model. The
simulation results of the battery temperature data and surface temperature
distributions are in good agreement with the experimental data, indicating that the
modeling can be used to analyze the thermal characteristics of the battery.

(2)Thermal characteristics of the battery pack were analyzed by
charging/discharging tests. The temperature characteristics of the battery pack and
battery cell under 1C charging and 1C discharging conditions were compared and
analyzed. Under the 1C charge condition, the maximum temperature of the battery cell
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is 35°C and the maximum temperature of the battery pack is 45°C. In the 1C discharge
constant current condition, the maximum temperature of the battery cell is 36.6°C, and
the maximum temperature of the battery pack is 45.7°C. For the charging and
discharging conditions, the maximum temperatures of the battery pack are 10°C and
9.1°C higher than the battery cell respectively. The maximum temperature of the
battery pack is much higher than that of the battery cell, which means that the heat
dissipation performance of the battery pack is worse than that of the battery cell. To
solve the problem of poor heat dissipation of the battery pack, a liquid-cooling battery
thermal management system is designed.

(3)The initial liquid cooling model was analyzed and optimized by numerical
methods. The influences of different heat-conducting plate materials, coolant type,
and coolant flow rate on the temperature field of the battery pack were analyzed.
Aiming at the problem of non-uniform temperature distribution of the battery pack,
optimization method for locally thickening the heat conducting plates was proposed,

which effectively improves the temperature uniformity of the battery pack.

Keywords: Lithium-ion battery; liquid cooling; numerical simulation; experimental

verification
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AR, HIREY SRR T — 2 mitaE, BUFE B (G AN
Ui ) PR . R AR A (BRI O B ) iR B A R I I, A s B 2 b T
oy WO EE 7 A, il 5.18 Frr

i 5.19 Fras, R R R PR AHXTARIR X, BRI 1 AH X
X, B8 2600 X 380 1 R0 [X 38 2 56F B2 1 FLVB 70 53] 32 4 batteries-1 1 batteries-2,
T Lt 2H By FH I B i s AT T AL A A, (Rt batteries-1 Al batteries-2 (1) 4E #43
AE A, BP.

G =0, (5.4)

A, g, q,57 %N batteries-1 Fll batteries-2 % B2 [ 4 F 5

R4E e, SRR AT E T LOE i K (5.5).
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A, q AR RE, JI(m?-s); Tiw Th 40 51 3 7 AR 5 W0 AU, 58 A0 v I D R IR L <Cs
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Toatsz WA BRI IX 38k 1 ATIX 380 2 (- 388 B 43 0 8 T A T, AR 20(5.4) F1 X (5.5)
A 435X (5.6):

q (5.5)

Thass =T :Tbatsz -1, (5.6)
Rl R2
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X 3 2 1) 5 AT .
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TTHEE IR BRI 4y 7, g TSP B RE . 8 RRBA A T 1A [
H, A7 28 AR AN [3] T80 FL % BT Lt ) IR R A A

(3) MR ¥ 18650 41 B8 F HL v (1 AL #hv . A, BRIAHLEE S FLSE M 0, e fh
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