IERZEFR

Chinese Journal of Engineering

KA RE BT SR

RRA FERIT W H & AT

Research progress on nanofluids for battery thermal management
WU Junjie, HOU Junsheng, MA Li, HUANG Lei, HAO Nanjing

FIHASL:

SRS, G T TR, WA SRS, DR A TR ISR ALRIK s TRFR:24, 2024, 46(8): 14981508, doi
10.13374/j.issn2095-9389.2023.11.10.003

WU Junjie, HOU Junsheng, MA Li, HUANG Lei, HAO Nanjing. Research progress on nanofluids for battery thermal management[J].
Chinese Journal of Engineering, 2024, 46(8): 1498-1508. doi: 10.13374/.issn2095-9389.2023.11.10.003

TEZR R View online: https:/doi.org/10.13374/j.issn2095-9389.2023.11.10.003

LT ARG H A SCEE

Articles you may be interested in

P T LM e STt
Research progress on safety of lithium—ion batteries

TAERRF2A. 2018, 40(8): 901 https:/doi.org/10.13374/1.issn2095-9389.2018.08.002
HL B R AV BT 5T 0L

Research progress in integrated thermal management of electric vehicles

TAERF2AR. 2020, 42(4): 412 hitps://doi.org/10.13374/1.issn2095-9389.2019.12.20.003
=IO B3 ) MU IR 5 S e R S A ST

Experimental study on the thermal runaway and its propagation of a lithium—ion traction battery with NCM cathode under thermal

abuse

TRERF2AR. 2021, 43(5): 663 hitps://doi.org/10.13374/.issn2095-9389.2020.10.27.002
FERA I B RE FL Tt AR e P A 9 e

Research progress on the stability of perovskite solar cells

TARERRE2AR. 2020, 42(1): 16 https:/doi.org/10.13374/j.issn2095-9389.2019.06.24.006
BT HG TR A ) Bk A R OB LT L SR R A IR TSR

Energy management control strategy for plug—in fuel cell electric vehicle based on reinforcement learning algorithm

TAERF2AR. 2019, 41(10): 1332 hitps://doi.org/10.13374/1.issn2095-9389.2018.10.15.001
4l Bl 42 H AR B 1 ot A e IR S F et e

Development status and research progress of power battery for pure electric vehicles

TAERRA2AR. 2019, 41(1): 22 https:/doi.org/10.13374/).issn2095-9389.2019.01.003


http://cje.ustb.edu.cn
http://cje.ustb.edu.cn
http://cje.ustb.edu.cn//article/doi/10.13374/j.issn2095-9389.2023.11.10.003
http://cje.ustb.edu.cn//article/doi/10.13374/j.issn2095-9389.2018.08.002
http://cje.ustb.edu.cn//article/doi/10.13374/j.issn2095-9389.2019.12.20.003
http://cje.ustb.edu.cn//article/doi/10.13374/j.issn2095-9389.2020.10.27.002
http://cje.ustb.edu.cn//article/doi/10.13374/j.issn2095-9389.2019.06.24.006
http://cje.ustb.edu.cn//article/doi/10.13374/j.issn2095-9389.2018.10.15.001
http://cje.ustb.edu.cn//article/doi/10.13374/j.issn2095-9389.2019.01.003

TAERL SRR, 2B 46 4, £ 8 1]: 14981508, 2024 4F 8 A
Chinese Journal of Engineering, Vol. 46, No. 8: 1498—1508, August 2024
https://doi.org/10.13374/j.issn2095-9389.2023.11.10.003; http://cje.ustb.edu.cn

2N K T A H e AV BT 5 0 R

ZRA&, BRI, & W, & &, HaxR

PG4 32858 KA TR S BOR A BE, P94 710049
BRI 75 /F %, E-mail: nanjing.hao@xjtu.edu.cn

i B AR REIRAOTT R A, 2547l o SRR B A £ e AL B RE B AR 1) 2 B, 4l v il 9 17 R 3z, (] R
) 25 e AE R R T [h) A G A SRR G R v PR 2 P R T R 0 T S R Y A F R, R TR 0 R i 4 ) 7 i
A PRI, AR T A v 8 FAVEE B AR 0, DA R A vl oA A B T ARk, 22 R BRSPS IR R Gl i WE S IR e,
HARCR I . AR IO REAE A5 L FA A 2 KL 1A HRL T AV B 2R 00 4 52 5. AN SO A K i A v Y B B R SR ) TS
BEEHERT T R GELRA, B4 1 WL B R 26 S A IAVE BRER, BB BRA T 9K U MR B 2 AR BT, TR TR iR IR T
PR VAT I 3 PR AZRORE F  BE RE F Tt — 2 R Tt VT B G | BB SRR AR TS B, B, AR SR
TS T 24 FZ T I APk, IR T AR R B A DT ).

KRR BV R PR DR B H T AR L KB REF R

S%ES TBI31;TKI2]
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ABSTRACT As climate change worsens, it is becoming increasingly important to effectively harness and store energy from non-fossil
fuels to reduce greenhouse gas emissions. The increasing adoption of various rechargeable batteries is being driven by advancements in
non-fossil energy, the development of energy storage technology, and electrification in technological fields such as electric vehicles,
photovoltaic thermal energy storage, and aerospace technology. However, the compact size of batteries leads to a significant increase in
their internal energy density and temperature. Elevated heat flux and temperature not only limit battery performance but also reduce
lifespan and pose safety risks to battery systems. The occurrence of thermal runaway under extreme conditions is a concern as it can
result in battery combustion or even explosion. Thus, the implementation of efficient battery thermal management systems is essential.
Besides traditional methods such as air cooling, phase change materials, and liquid cooling, in recent years, various novel thermal
management technologies, including heat pipes, nanoparticle-enhanced phase change materials, and nanofluids, have been extensively
explored. Among these emerging technologies, nanofluid battery thermal management systems have garnered attention due to their
significant impact, minimal additional energy consumption, and cost-effectiveness compared with alternative approaches. These systems
utilize nanofluids, which are liquids with uniformly dispersed nanoparticles. Nanoparticles can contain oxides such as alumina and
titanium dioxide, metals such as silver and copper, and carbon-based materials such as carbon nanotube and nanodiamond. The
application of nanoparticles results in an improvement in the thermal conductivity of fluids. Moreover, nanoparticles can also supply
extra nuclei, improve surface wettability, and delay bubble coalescence while boiling. Thus, nanofluids can enhance heat transfer in both

single-phase and two-phase flows. Given the enhancement of heat transfer, nanofluids exhibit significant potential in battery thermal
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management. Herein, a systematic review of the research progress on nanofluid battery thermal management systems is presented. First,

the structure, working principle, and demands of battery thermal management are given. Afterward, the concept and classification of

nanofluids are introduced. Subsequently, the fundamental properties of nanofluids, such as stability, viscosity, thermal conductivity, and

electrical conductivity, are elucidated. The article further discusses the current research progress on nanofluid-based battery thermal

management systems applied in lithium batteries, fuel cells, and photovoltaic batteries. Finally, some notable challenges associated with

nanofluid battery thermal management systems and some future development directions on numerical and experimental research and

industrial applications are outlined.

KEY WORDS thermal management; nanofluid; Li-ion battery; fuel cell; photovoltaic battery
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Fig.1  (a) Principle of Li-ion batteries®; (b) experimental thermal management system equipment of Li-ion batteries™”; (c) water-based CuO

nanofluid®'; (d) water-based Al,O5 nanofluid®"’; (¢) relation between temperature and Re of water and nanofluid at different powers''!
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(a) Nanofluid liquid cooling of Li-ion batteries with differently shaped channels™; (b) sketch of a stair channel®; (c) sketch of a tapered

channel®¥; (d) sketch of a divergent channel®; (e) sketch of a channel with grooves®™; (f) relation between temperature rise and time under channels with

different numbers of grooves®™; (g) structure of channels with different section shapes™; (h) different section shapes™; (i) relation between the

maximum temperature and temperature nonuniformity and the sectional shape of the channel*”!
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