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Fig.1 Flat heat pipe working principles
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Table 1 Parameters of lithium-ion battery cells

Parameter Value (property)

Shape Prismatic
NCM (nickel cobalt manganese)
Dimensions/mm 148.3 X 26.7 X 98.0

Nominal capacity/(A+h) 50

Anode material

Nominal power/(W +h) 182.5
Nominal voltage/V 3.65
Mass/g 895
Operating voltage/V 2.75~4.25

Table 2 Properties of the lithium-ion battery

Material pl e/ Al
ateria.
(kg/m*) (J/(kg-K)) (W/(m-K))
1.096 2 (z axis)
Battery 2519 1022.8
22.445 9 («x/y axis)

Aluminum 2719 871 202.4

Nickel 8 900 460.6 91.74

Air 1.225 1 006.43 0.024 2
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Fig.2 Battery model experimental verification

44 ANSYS/FLUENT 17.1. A8 R ~F 2 B b
BE AT BT, R BRI W& 3 f 7R, i 4 B 1
MR B L5, OF A AR A 5 A kY 3 43 B R 2
R vty , V- AR R R R AE A A R R 4 T DU TR
B A 8 B v o 9020 BT AR R K D 440 mm ), 5E
JE R 148.3 mm (5B AE S ) JEBE N S mmo PR
FANFE MR, B A R R B A Bk (2
1760 kg/m®) ,SE 7 T i N B . Z8 358, F M #4825
JE 20 1655 kg/m®, A5 29 910 J/(kg-K) o [A] B 4
- M A A Rk R AR BT GER 1, AR i Sk
[22-23 ]/ AH 5C S BIOT 45 & i 1 1 A S iF 52 > %
M 0 A5 A 50 A R R B 2000 W/(m-K) o [A]B,
SRy %t BT B I 4 A RS B RO, | B i R
B 152 T e T 38 38 7K ¥ MR VA T B Rl 4 T .
B R H O S UEAT X L, o S R R A
LA B 5 o X6 HH D& A7 R 1 AT 0 A ik ST
PERAIE , 3% L DLF AR U X o ) it A B R S
1], 76 56 3E 5 61 b, E b A A DL 2C 5 SR, IRk R
F, 9l A 2 i o T AR A A ST G TIE VA R L 56
UESE H AN 3 i o Y X4 W) A% 4K 7E 2.4%10°~6.0x
10° B, R YL 35z e T B B AR fb /T 0.1 °Co ik B8R
o A TR S RORE R TR SR YT A R SR [ 7 S0 R SR B
W A5 K] 43 Ek H Sk 2.4x10° 85 R ), K i 5 4] 9
w30 43 75 2N T AR T 1 PR A i

Table 3 Grid independence test

Grid number Battery maximum temperature/C

0.6x10° 40.38
1.2x10° 40.97
2.4x10° 41.15
3.6x10° 41.19
4.8x10° 41.18
6.0x10° 41.17
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(a) System schematic diagram

Condensation section

Evaporation section

(b) Schematic diagram of FHP
Fig. 3 Schematic diagram of FHP-based BTMS
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(b) Schematic diagram of liquid cooling
Fig. 4 Schematic diagram of liquid cooling BTMS
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Fig. 5 Battery thermal performance at different discharge
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heat transfer coefficients
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Fig. 9 Battery thermal performance at different flow rates
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Table 4 Structural parameters of FHP cooling fins

Parameter Value
Number of fins 25
Height of fins/mm 80
Space between fins/mm 3
Length of fins/mm 148.3
Thickness of fins/mm 1
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Simulation analysis of lithium-ion battery thermal
management system based on flat heat pipe

WANG Yueqi', QIAN Yuping', XIE Yi*, LI Weifeng', ZHANG Yangjun'

(1. School of Vehicle and Mobility, Tsinghua University, Beijing 100084, China;
2. College of Mechanical and Vehicle Engineering, Chongqing University, Chongqing 400044, China)

Abstract: Lithium—ion battery is the key subsystem of aviation hybrid electric propulsion systems. This pa-
per designs and evaluates the thermal management scheme of aviation lithium—ion batteries based on flat heat
pipe (FHP). Firstly, the model of a lithium—ion battery module was established and verified. Besides, the FHP
scheme was preliminarily designed and simulated. On the basis of original scheme, the structural optimization de-
sign of FHP cooling fins was carried out and the heat dissipation effect was validated by experiment. The results
show that the optimized scheme can improve the heat transfer capacity of the system. Based on the optimized FHP
and combined with the ambient temperature of aircrafts high—altitude cruising condition, the FHP heat transfer
performance will be further improved. The battery average temperature can be reduced by 10.6 ‘C with a decrease
of 18.83%. The heat dissipation capacity of FHP is equivalent to that of liquid cooling, but the system weight can
be reduced by 30%, while the system energy consumption can be reduced by about 63%.

Key words: Hybrid electric propulsion; Lithium—ion battery; High discharge rate; Thermal manage-

ment; Flat heat pipe
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