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Abstract

Thermal management is crucial for the safe and efficient operation of lithium-ion battery systems.
This study employs CFD simulation methods to systematically compare the performance differences
between forced air cooling and immersion liquid cooling to address the heat dissipation requirements
of high-energy-density batteries. Simulation results indicate that the initial forced air cooling solution
performed inadequately, with the maximum battery pack temperature reaching 38.45°C and the max-
imum temperature difference amounting to 10.96°C. After parameter optimization, the maximum
temperature was reduced to 32.77°C, and the maximum temperature difference was narrowed to
5.89°C. However, these results still fell short of meeting the requirements for long-term operation.
Upon switching to the immersion liquid cooling solution, the system performance improved signifi-
cantly. Among the three cooling mediums tested—mineral oil, AmpCool AC-110, and HFE-7100—HFE-
7100 demonstrated the best performance, maintaining the maximum battery temperature at 26.18°C
and limiting the maximum temperature difference to just 1.11°C. The study confirms that immersion
liquid cooling technology effectively overcomes the heat dissipation limitations of air cooling systems,
providing critical theoretical support and practical insights for the design of thermal management
systems for high-energy-density batteries.
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Figure 1. Lithium-ion battery pack model
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Table 1. Basic parameters of prismatic lithium iron phosphate (LFP) battery cell

F 1 HFRBERRER M B E RS H[15]

T B 4% Bl L:<K (Y2
FrRpR LR 3.2 \
bR 2 205 Ah

DOI: 10.12677/m0s.2025.1410619 225 5 1 A


https://doi.org/10.12677/mos.2025.1410619

R 45
AR EYEH 2.5~3.65 \Y;
(KT 98/ 155) 173/54/200 mm
S 1984 kg/m?
T 990 J(kg-K)
SR H(xly/2) 0.377/22.3/22.3 W/(m-K)

22, BEEEFHEBARER

L AE 7R R R R S PR A KR IR, IR E RS FRE AL 22 BE I e b S5 I8~ A . Halth
FIre A R AT DL A[16]: ONEHK Qe BRUGHA Quv ARALFN Qp AR SN H Qs TUAN R4, Mg Q ISR
N

Q=0Qx +Q, +Qp +Qs 1)

SN RRGE TR R AR S5 S N AR AR B AR R, RO EAIE SR S N B A AT, B DU, #tly
AAW W,
OE
Qs = nFTa—T 2
A, n EEBRFYIRNE, BAZ mol; FOEREFEEL, 42 C/mol; T MBS FHIMMIER, H
A2 K; ENEES TR, HALE V.

BRAR A Qy /2 fi I A & (N BHL BT F= AR B #hviE,  iAb R Qp IS RCAMAL N BH A= AR &R . Bl #4 Qs
AR N MRS 7 O RE R R A R A R R E, — RO I AR R RN, AT A
WA Qi Qe HIRIRA:

Q, = IRt ©)

Q= IZRPt (4)
A, | OAEEES I, AR A ROCBRIBNIE, A Qs Re NARALAIBH, A2 Q; t AR
I7e LR, LA s,

T HOS R P= AL R 44, ANWEFCR A T B Bernardi 558 A& HE 1R 25T FE It P 3090 0 850 50 R 44
BRI AR TRERT Rt = P ZR AR AT A o B8, X2 H Al SR it P B i R Tk 2 — o X T Ht 1)
I, BATEH =R R AN LI A, AN WimS.

_i _l 2p dUOCV
RETAPRIE AL .

A, AU QURERA T R B, HA A HERRI Y Qy ML # Qps Qe IZRIRZ R, i H
A2 SERETBCH SR PR SN A, TR 2 (R IE 405 7 B RS FE UL R s VORI T LAY, LA
FEmé; QUAATIR, BAE W, QroAUTTIEHA, FALE W; | NAHE TR, BAE A TN
HE TR, AR K RFHEETHILAME, SR Q.

W T bR AR IR Z B/, RISIR AR T AR A RZm, R T s i 2 N EH DY 0.135 mQ;
(ﬂ%ﬁ/ﬁ%ﬁ%?iﬂl A R D E R, BB 0.22mV/IK. THEHITE 1 C s f5 2 ) 4 B 1 L

RINTHH N 10,242 WimB,

DOI: 10.12677/m0s.2025.1410619 226 5 1 A


https://doi.org/10.12677/mos.2025.1410619

RMEVE 4

2.3 BEERTFEMRERE

FEAWE T, AR T b R R Rt RE 1 ) AP RIE R BL SABR. ERIRAIREST, HE
TR SR BUN To, RTINS

t=0,T(xy,2z)=T, (6)
BT A G B, TP AR 08 L S 2
PICs S =V -(AVT) g ™

K, o WHEE T HICFEE, BALE kg/md; Co NELES T HIMIE IR LLALE, A2 J(kg-K); A, N
BT HEMMSARE, B2 WIMmK).
FHR B R S IR DX S B A TR A XA A . B B E Tt BB TR R AR AL AT R R N -
oT

-4 % = hﬂuid (T ~ Thuia ) (8)

R,y AHEIEL P B R R, BB WIMEK): Ty, MRS, A K. Bt
SNBN R TR, 7 B RO A 6 WIMPK):  Hit R A A R 8.
2.4. PIREXIST B T R MELeHiE

1 2(a) HF s AL T AR RS R4 o A RE T SRS SRR T, AT T IR T et
BiiF, L1 C {2 3600 s (Hy it LR ik A5 25 T 1 A5 B N T bT,  IO0H MOt I 5 FE S0
LN (b)Y 38.16°C~38.60°C, H RN LI B4 FIREENT 5%, AT
SR, SRATEIUA RO 134,423 (IR IR TF F JE 2B 9, 12607 SAE AR RS FE 1 R i 8 401 T 3 B0

b 40
39+

38r
37+
%
O 36r
~ 35

al o T R T |

0 200000 400000 600000 800000

Figure 2. (a) Battery pack model and mesh generation; (b) Grid independence verification
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Figure 3. (a) Maximum and minimum temperature curves of the battery module; (b) Average temperature distribution of
lithium-ion batteries at 3600 seconds
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Figure 4. (a) Lithium-ion battery pack XOY -plane velocity distribution diagram; (b) Velocity distribution diagrams at ROI1,
ROI2, and ROI3 cross-sections
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Figure 5. Temperature contour plots of the lithium-ion battery pack at different Dy values
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Figure 6. Average temperature distribution of the second and third columns of batteries at the end of discharge
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Figure 8. Temperature distribution contour plots of the battery pack with different numbers of baffles
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Figure 10. Lithium-ion battery pack immersion cooling model diagram
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Figure 11. Maximum temperature of the lithium-ion battery pack with different coolants
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