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Abstract: the
accelerated performance degradation, lifespan shortage,

Subzero environment results in
lithium planting, and even some severe problems such as
internal short circuit of lithium-ion battery cells.

Therefore, preheating has become a critical issue for
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electric vehicle application in the low-temperature area.
The consistency between the battery cells has a significant
impact on the module performance and aging mechanism.
In this paper, the clustering approach was utilized for
battery cell selection. In addition, a hybrid battery thermal
management system (BTMS) coupled with positive
temperature coefficient (PTC) heating film and cooling
plate is proposed, the heating efficiency of the proposed
system at the ambient temperature (—40°C)was investigated
through computational fluid dynamics (CFD) modelling and
numerical calculation. The results indicate that the
minimum temperature of the battery module can be heated
to a state higher than 0 C after 695 seconds of preheating.
Besides, the temperature standard deviation of the battery
module gets decreased by 5.9 C compared with the pure
PTC heating approach. Therefore, this proposed method
efficiently heat the battery module to an operational state
within a short heating interval, without much energy cost.
The preheating speed reaches 3.56 ‘C/min. Moreover, the

thermal uniformity gets enhanced.

Key words: lithium-ion battery; clustering; preheating;
positive temperature coefficient (PTC) heating; liquid

coolant
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Fig.1 Research framework of lithium iron phosphate
battery
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Tab.1 Basic parameters of lithium iron phosphate

battery
24 ZHUE
i/ (Ash) 5
FRFRHLE/V 3.2
Jitt/g 165
1 /mm 76 X66>X19

1.1 BiSHni

FE, 3t 2 B K 1o 2 P 2 s 18 IO 5 T
Ji& , A4 Arbin, Neware 787l H 15 75 U T4 2 F1EL
PEREAER TR, 25 L AR R 3 S50
FE 25 CHE R IR EE T T e . Hir, B X 45 Ha it Bk L
RS BYME | S g D PR N 2 7 .

B o F A B AR A R

@ZiZLEW—HD*ZKfE

i,avg
dT

(D



270 A 55 K 2 2 4R (A R B2 MO 549 %
ldlf R. T dE, ©
I dt 7mcp mc, dT 6
72 _ dE“
O=I*R,—IT iT D)
. dE, . . . " N
o T = Ik T P TR AL R, 6 [ 2

T EALE IR 5

E2 Bl Eans
Fig.2 Battery test platform

2 WHBFSHNEXLTHR
Tab.2 Experimental procedures for determination

of specific heat capacity parameters
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Tab.3 Internal resistance and specific heat capacity

of battery cell
Ha b T PP R, /mQ A ¢/ (J/ (kgK))

1 6.7 602. 3
2 6.8 696. 6
3 6.2 749.5
4 8.3 864.7
5 7.6 616.5
6 6.9 786. 4
7 7.3 899.8
8 6.9 628. 3
9 8.2 609. 4
10 7.5 553. 4
11 6.7 420.4
12 7.8 455.5
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Fig.3 Clustering effect of battery cells based on K-

means clustering
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Fig.4 Hierarchical clustering-based tree view of

battery cell clustering
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Tab.4 Average electrical and thermal physical

parameters of battery cell

I 0/ (kg/m?) 1731.3
A ¢,/ (1/ (kgK)) 655. 29
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Tab.5 Thermophysical parameters of battery pack component materials

Wk ¥/ (kg/m?) e,/ (1/ (kgK)) SIMEHA/(W/(mK)) ARG p/ (Pass)
R 2810. 00 862.0 175. 000 —
BHIE 1071. 11 3.3 0.384 —

PTC A 7840. 00 465.0 48. 000 3.39x10 3
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Fig.5 Preheating system scheme and energy flow

analysis diagram
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