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Simulation study on heat transfer of thermal runaway

lithium-ion battery in confined space
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(1 Key Laboratory of Civil Aviation Thermal Hazards Prevention and Emergency Response, Civil Aviation
University of China, Tianjin 300300, China; 2 Beijing AVIC Jianyan Aviation Design &
Consulting Co. , Beijing 100084, China)

Abstract;  To investigate the source and proportion of thermal runaway heat transfer of lithium-ion
batteries in confined conditions space such as aviation transportation, the 18650 lithium-ion battery ( 100%
state of charge) with lithium cobalt oxide (LCO) as the cathode material was used. The heat transfer
model of thermal runaway of lithium-ion batteries was proposed by ANSYS Fluent software. Furthermore,
the pyrolysis gas generated by the first battery and its thermal runaway was used as the heat source, and
the second battery was heated to thermal runaway through radiation and convection. The results showed
that when 2" battery reached the thermal runaway temperature, the heat generated by the internal side
reaction accounted for 30. 01% of the total energy. The gas combustion generated by the 1* battery thermal
runaway provided energy for 2™ battery thermal runaway, accounting for 5. 64% of the total energy. When
2" battery reached the maximum temperature, the heat generated inside the battery accounted for
87.39%, and the energy provided by the gas combustion was 1.76%. the pyrolysis gas combustion
accelerates 2" battery’s thermal runaway, though it is a heat source, it is not a heat source. Although the

combustion of pyrolysis gas accelerated the thermal runaway process of 2" battery , the proportion of energy
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provided was relatively small.
Keywords: confined space; lithium-ion battery; thermal runaway heat transfer; Fluent; internal
side reactions; gas combustion
0 2 = R B ] (b e T IR A R R A A B A5 R
=

R - L i R L i 28 B R RN A
LB BTN AE H R A TS T Y E
{51 ofe ik 7, {H LR R A R B9 2 4 ) BBUAS T 22
R R A s e AR R T R A AT R
e HE A2 S, B S e | Jin i f Tt A
AR IR 235 SR LA | S0 I R[] AR ks T
SRR ATRE | WSS A 4 O 1 R B B
P AFESEE S, FEOAE AR, Bl —A4
A RN 1P A k% 35 ) il Hh v e BRAE AR
i, BREL A P 2 R AR FE U R Y s R
AL PFI AR Tt A P B0 R 2 R A
[B] 2 4%, ZNAT5AS BE W A 3th 00 S v by 3402 8 15 2
AR B0 LAY 7 2, ML B A3 A B
A R b [ B P AT AR AR e X
AR A5 A 33 ()52 W, 2% T 2] L 8 v Yt O 25 38
TR R M XA T F R R s AL 3 1 A
FeAEAE R A B,

TR AL T 1R 6 A Fluent 45 H (149 05 2L AT
FE T AR T AL B 4 A 2 KR R, A SRR
3x3 HEFIER F th R AL AR I AR R il 3 SR Gk
RPAEAE T, 45 2 G AR 45 % A i B 23 0 F 5
T—ZHAFE— ] b, B 2 R e T
9 /> 18650 TS - F b 45 21 10 BRGS0 IR 4L
TR AL S B, A0 T e R e T
H A 8 22 KB ARORE , THARE T B R b Y B AR
PGt B Pl e b s B0 A 5 S A X A
TR AL T IF AR B A B IR R, I
JET 3 RN T B R Jth s 2H P s A 3 i
SERLRIA B ARRL AT AT RAE K R R 4 A A 3
R[], Bl B8 4iE 2% A s ORISR 455, KA i
I R LA 2 (Y A% i3 F 84518 T COMSOL #k
ST T AS ) HE 71 45 44 NS [ 15 0 o 9t 2 A A
i M L, 45 SR 2 I A HE L WTHEXT A s A4 ek
SR ) WAV S A 35K 5 Bt P SR 4 T s A A7, AV
2 B AL RO R , R e AR R A A [ ] B 2
YT 4R 3 EEANTR) i) 186 i et =2 ) ) B s i
by Lt 2 2 G B B B[] IS s FENG Xuning 260
PEHET 6 A r by AR Ar MR R A 1 A

T B & R R, R PR bt 12
RIHARAE BRER KR ITREA S S ER L
% 0 0] B ™ i SR M b 1 U 9T fF, WALKER
A0 — Bl BRI R A A RS AR T LAIX 43
HAL Yt T4 i LA T 2 | B AR ) P Rk ) A
B T &0 iRk IR R R W A
20% ~30% F I 45 HE 1 0T DL 1o F R 5 7
RS R AS AR, FRT A AR IR T B B T AE O R A
RO B — A T AR I SRR e X A
PR TUmk &7 LR vk S Ss RTER SE 1
F 3l AR 5 AR e R T 1) R A5 2 T LT AR R
PEpT TR RE R ik B 5. 42% 5 2 W Eh [
PN 429% , AR N E]HEHT 28%

25 1, B N A G A B T F T 1 AR A AL
il 7 T Y, 32 B A v T e R B L A A
SRR BFIE T LRI I G 00 Mol T R e
LA Je H AR T W 5% B AT IR AR D
I, ZEHPILL 100% 7 B ARZS (State Of Charge, SOC)
() 18650 14 BS 1~k it Ry I 5 %t 5, 108 2k B (R AR 1L
(17720, DAL R ABFR R 33 7 MR T TR
B R AR A B AR R R, IR TR
Z B 25 18] P A H Tt AR 48 A 5 0o R
5517 R b P B R AR AR SRR B e A 1Y
A XA 2 W A I A s e, DL S A R T
IR AL R WL S B 17 R LB |

1 #EEFREARKEREBEE

PUIE M A4 R4 B2 28 ( Lithium Cobalt Oxide , LCO)
9 18650 T4 B -t (100% SOC) AWFFE R4 i
H SolidWorks Xf 2 75 B &2 N 48 300 mm , & &
80 mm [ [RIFETE %5 P 225 () AR, 2 715 Fi b 22 i) 1) B
BN 1 mm, RS 2 IR A
FARLAY b 2 1 e N B, 2 Y 2 AR
PO ARSI

S5 BB L L AR S 7 AR R 5K A
ETVAR Y R A R T R T AR R IR B 7 VAR
HENT P B T AR AR R ) 5 1 L
R VA 25 ] oA R SRR 3 T Sy AR ot i 5 A%
PORIXT IS 2 T B, 55 1 T



5 6 1]

ST ARG« 32 PR 23 1) P 7 r it PR A% A 136 07 LB 5 - 67 -

Tt S 5 A % ] 8 A B 5 SRR Y 15 (Y C i
B TR B S RIS A T P SR
% ( User-Defined Function, UDF) T B8 JE47 i B M
B IFE T B B b oy BRI R H A
FAE AL 1 LAY N 8] 1 F7s

E1 BB FEMRKERERIL SR
Fig. 1 Geometric model of heat transfer in thermal

runaway of lithium-ion batteries
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Table 1 Parameter properties of internal heat generation model of lithium-ion battery
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Table 2 Initial values of internal heat generation

model of lithium-ion battery
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Fig.2 Comparisons between simulations

and measurements
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