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Abstract

The morphology and properties of surface structures play a critical role in enhancing boiling heat
transfer, serving as a key factor in improving the heat dissipation efficiency of two-phase immersion
liquid cooling for data centers. This paper systematically reviews the research progress in enhanc-
ing boiling heat transfer through the optimized design and modification techniques of copper and
aluminum surfaces, such as constructing micro/nano structures, regulating wettability, and prepar-
ing porous coatings. The analysis focuses on the mechanisms and boiling heat transfer performance
of different structured surfaces in working fluids such as deionized water and electronic fluorinated
liquids. Research indicates that the compatibility between surface structures and the physical prop-
erties of the working fluid is essential for enhancing the critical heat flux and heat transfer coeffi-
cient. For copper surfaces, multilayer copper mesh and sintered porous coatings have achieved sig-
nificant improvements in boiling heat transfer performance. For aluminum surfaces, laser texturing
and microporous coatings can achieve performance comparable to or even surpassing that of cop-
per under specific conditions. Finally, considering the technical bottlenecks in the optimized design
and modification of surface structures, this paper discusses future research directions for surface
structure design and modification, as well as the mechanisms underlying enhanced boiling heat
transfer, providing a reference for designing efficient and reliable surface structures for two-phase
immersion liquid cooling in data center cooling applications.
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TERBRAEIRHFERF LA ST IR R E SR KM E ST, FFRER TR B T
R e BRH D% R DR FL R A R BN U B ) T 3K o AR I NI HARAE N — i X 1) B B4 fik
AHFATT R, E R BT R R T 484 T h IR AR AAR AR R g, I AT & T 1% 45 X%
HIFE SRR AR LI SPE, O SE Bk B B O I S B AR 2 —

VB I A% BAR NP ARR B A % D 7, HAE AWM RE B U T R EUNRE T 5 e 80K R
SE RV RISV BRI I A [ AR TR R 2 WA A . O S A SRR E,  Re RS A RBUR R TR
BB . AR A, AT 2 2 B TH I F A48 £ (Critical Heat Flux, CHF)5 il 5% # R 44
(Heat Transfer Coefficient, HTC), #¢ ¥ A5 b i B 71 Tz —. TR, DU, SRR N
& BRI 5 e T ARRN, @ M A4 5 5 4589 (Micro-nano Composite Structures). St
TR 18 4% (Wettability Modification) il % % fLi# /2 (Porous Coatings)%5 51k, SEHL T LB 7K. BTF# L
WA ANIF) LT E 4 8 R TH 45 7 b b I AL FAE RE KI5 T

HAT, TR L B R T A5 T 5 Bt BRI il 4% 0772 32 B S BOG 238 (Laser Textur-
ing). MU (Electrochemical Deposition). Mi#»4b 2 (Sandblasting). #8444 /= (Sintered Coating) %5 .
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12 A R AR - RIE T A S5, Rl /K R (Hefil A 8.9°) Il it 4l & (CHF) Rl # R L
(HTC)/r B4 TH 2 AR A FER N 1.16 5 1.59 fifo XA SRR T oK S5 M 32 4 0 25 S8 %A 1 5 oK R
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Figure 1. Copper surface structure: (a) Super-hydrophilic copper mesh [1]; (b) Super-hydrophilic surface by alkaline-assisted
oxidation [2]; (c) Electrical discharge machining textured copper surfaces [3]; (d) Venation-inspired leaf vein return flow path
[4]; (e) Micro nano bi-porous copper surface structure [5]; (f) Laser-induced copper superhydrophobic surface [6]; (g) Super-
hydrophilic, hydrophobic, superhydrophobic and hybrid biphilic surface [7]; (h) Micro nano structure copper surface [8]

1. fARELE: (a) BFEKEM[1]; (b) FWMRHBENEFRKRE]; (o) BAELIRUERE3]; (d) AKX
EIRIEIE4]; (o) MAKFLEMRKEMNFLEI[5]; () HeH ZBHRKERE6]; (2) BHEK. Bk, BEKRER
FEMERE7]; (h) MRGHIRRES]

i EPTid, PARE T /KO8 T R R v O B — S5 it R RN 2 RIEIE R R geiite, i
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2.1.2. $A - BFENE

HEL - SRR R FL AR (1) 8 25V B R I B (093 R, ORI O iR B A I AR T, (H AR
FMITK S AT P BVt 00) 2 T 5 1k SRS tH T RFBREE SR . WE R, ToK e S5 M7 il 7 AT
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I BAE I BRA T AN 7
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Figure 2. Copper surface structure: (a) Nano/micro structured surfaces [9]; (b) Copper foam with circular-shaped channels
[10]; (c) Deposit ZnO coating on copper foam [11]; (d) Sintered copper powder coatings with nanostructure [12]; (e) Graphene
coated sintered porous copper [13]; (f) Nanowire array copper substrate [14]

B 2. $ARELEM: () PKR/AAKEMRE]; (b) BEFBERKIE[10]; (o) SRS ERAFE[11]; (d) EEHN
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W TUW-52 {EIEARAS R LI R BARTE 47.16%, Il 5 32 TR T Bt B ik R R A A (e s A% 4
B ARSI 0.1~0.35 mm) 5 2 T FHE R AE A 5RAL .
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(b)

Figure 3. Aluminum surface structure: (a) Hydrophobic/hydrophilic surface [17]; (b) Laser texturing and chemical treatments
for superhydrophilic patterns on superhydrophobic aluminum surface [ 18]
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EBOCSIN SRS T2, RISl T EAR Y 300 pm. [EIRE Y 250 um BOE SR K RIS,
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Figure 4. Aluminum surface structure: (a) Sandblasted rough surfaces [19]; (b) Microgroove surface [20]; (c) Microporous
aluminum-coated surface [21]

B 4. $RREE: (a) BWEERRE[19]; (b) HUaBEERE20]; (o) MIALEEEEE21)
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R HIEHA

g LR, TERES TR, HIAMEEL N L AR FARFER S, (AR BRI AR i 2R T 45 4 e it
FIFERRSE 26 TSRl L R AR MERE, R B AR S R .
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Figure 5. Surface structure comparison: (a) ZnO nanostructured surfaces on aluminum and copper [22]; (b) Metal foam surface
[23]; (c¢) Laser-textured metal surfaces [24]
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