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Research Progress of Liquid Jet Cooling for High Heat Flux Devices
Zhang Peng Xu Weicong Zhao i Huang Kunteng Long Qiang

(State Key Laboratory of Engines (Tianjin University), Tianjin, 300350, China)

Abstract With the ongoing trend toward higher integration and greater power output in electronic devices, heat flux densities are
steadily increasing, posing severe challenges for thermal management technologies. Among the various approaches, liquid jet cooling has
emerged as a promising candidate for kilowatt-level heat dissipation owing to its exceptionally high local heat transfer coefficients and
excellent spatial adaptability. This review systematically summarizes the fundamental principles and recent advances in jet cooling with a
particular focus on the heat transfer mechanisms and characteristics of single jets, jet arrays, and phase-change jet boiling. Current
studies indicate that confined jet arrays can effectively enhance temperature uniformity and critical heat flux (CHF) at the impingement
surface, while staggered nozzle arrangements significantly mitigate adverse cross-flow effects, thereby improving the flow stability and
heat transfer performance. Furthermore, incorporating micro/nanoscale surface structures at the jet impingement interface significantly
increases the number of nucleation sites and heat transfer area, leading to a substantial enhancement in boiling heat transfer. Key
influencing factors, such as the working fluid properties, nozzle geometry, system flow rate, and liquid subcooling, critically determine
the cooling performance. Nevertheless, further exploration is required to address challenges such as adaptability to non-uniform heat
fluxes, development of environmentally friendly low-GWP working fluids, multi-scale structure optimization, and integration of hybrid
cooling systems. Through coordinated optimization across multiple factors, jet cooling technology holds significant potential for
overcoming exireme heat dissipation bottlenecks and providing reliable thermal management solutions for next-generation high-power
electronic devices.

Keywords jet impingement cooling; high heat flux; enhanced heat transfer; jet array; thermal management
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Fig.1 Development trend of thermal flux density of
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Fig.2 Heat flux density values of various cooling methods at

a temperature rise of 40 °C?"

1 557048 4 AR #E 4

1.1 SHRSE 52

SRPIE el 8 SR — R I A L — i S
W % I, O 4 oo AR e A0 R T i B O K
¥S. V. Garimella 55 2 BYHEZL , B vl 2 A48 5 R
AR WL o 8 o MBS I AR AR AL T R A R LA 24 B
HE— a5 o0 A R m R U Z R 7R
FEA F LD, H. Wolf S5 2 T B 408y 5 Fp oy 2
H R 2% Z I AR, Hd, H R
S8 VR o W 1S 5 4 A O B i
W =TI 5 P A S8 T B R B 5 2 A R AR A
Joz 5 1 B 3k A AR [RIARAY 5 N 5 32 BR 1Y) 2 BR AR
25 A TR, A5 S IHT O A R AR BB B A7
R o S el i A2 1 A 3 L 1~ 3 0B T
SRR W R e A2 B A, T RE G I 4
WS AE B A T U B v e T A

SR H ) HA 2 2N ] 3 BT 7R , AN [A) 2R A8 1 i
TEA ARFE 3B . [ A A S L TR
W+ AR BN R 5, AR R (A S 5 PR 22 5 1Rk
KB N AR T RS T Z B2k
27 PR o 5 ) AR Uk B D) B TR R BT
R I . AR I N i I Sh A5 4 M AR AT
Sk R SR AT AR SR 4B R AN [RGB I 2SR A B A,
15 Bh TGt NS HEST 5— IR RETEM R &R
1.2 IR AEEEL R

SFFIR A EN B AR 1 B AR S B R MESE O - AR A R
25 PR P T SRR WEE S, AR 5K A E] PO B
BN, Fe A D — s ol o H A AR

BAFL SR R 9 Bl X AN & 4 TR . B R 4 (a) 1]



5K MG S - e RO B L AR IR R ALY ST

S

+ElE8

%
HAl
Ak
BT 4
Wi +

=4

L
s

A
thik
Bl

3 GRS EIS K0

Fig.3 Classification of jet cooling'
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Fig.4 Flow region of single-channel jet'*"’
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Tab.1 Test conditions for jet cooling and maximum heat flux density
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Tab.2 Partial experiments on enhanced surface jet boiling
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