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Abstract: To address the issue of insufficient liquid supply in the evaporation section under high
heat flux in traditional vapor chambers, caused by the difficulty in simultaneously achieving high
capillary pressure and high permeability due to the single pore size and irregular channels of
conventional wicks, an ordered micro/nano face-centered cubic porous structure is introduced into
the field of heat pipe cooling. A vapor chamber utilizing a superhydrophilic copper inverse opal
porous structure as the wick was fabricated. Firstly, an ordered face-centered cubic inverse opal
structure was prepared via electrochemical deposition using a self-assembled opal template. The
coupling of its large interconnected pores and small sintered necks resulted in a porous structure

with high capillary pressure and high permeability. Subsequently, superhydrophobic micro/nano-
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structured copper was employed as the condenser surface to achieve dropwise condensation with

high heat transfer coefficients and jumping-droplet liquid return. Finally. the vapor chamber was

assembled by sealing the evaporator and condenser sections, followed by evacuation and liquid

filling. Experimental studies on the heat transfer characteristics of the fabricated vapor chamber

were conducted using a custom-built testing system. The results indicate that, with deionized

water as the working fluid at a 50% filling ratio, the vapor chamber exhibits a heat dissipation

capacity greater than 244 W/cm?, a minimum total thermal resistance of 0. 145 0 °C/W, and a

minimum thermal uniformity resistance of 0.026 7 °C/W, demonstrating a higher heat transfer

limit compared to conventional vapor chambers. This study reveals the critical role of ordered

porous structures in enhancing the heat transfer limit of vapor chambers., providing a promising

solution for thermal management of electronic devices with higher heat flux.

Keywords: vapor chamber; inverse opal capillary wick; heat transfer limit; thermal resistance
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Fig. 1 Schematic diagram of typical vapor chamber structure

and working principle

zkxb. xjtu. edu. cn

MIENAEME SR, — Bk UL, B4l Jk /1 bl
& 22 L IRES AL B 23R 1 B AR A R0CFL AR 1 D8/ ) T
AR B 32 3 R AR

Bt 5 ol 20 I T R T P B R AS I B A B
J L b I S A N R 22 L 45 A R YR L S
IR 5 AR A AL AR T T Bk R 1 3 AR A% AP BB 1Y
N—mEJ M, Cai 55 38 1 76wk 25 $b 10 2% % B
FMM T E AR 10 pm B o 7 508 7= A 5 8 1 B
U R A7 RS BB R R KR 200 pem 19 07 ke
I 370 R R s SR A L 4 1 198 35 L I 45 5 T A A
N PE SRR A AR Ty . KR R,
MR CEEAE N TAERAR B G D 10 W BT, 45 3%
PG R, ATk 2 500 W/ (m « K), Nam 25
I BN TSI BT T R S K R Ok B T A
RES G R B EILTF AWM B E RN T, £
THT T30 P 90 DK 23 S 25 o T AR I ) S M
Yang %75 33 AL L B AR L A T SRR D AN R T
Jol W 90 ok i b B AR MO A Y B AN RE L 25 R R %
S TR Sl R R o N e A E R SR G K W R TN
B bR B % 7 I E A5 LT IE W I8 17, Zeng
AU ARV RGO R P I T A L R T T R
O B A0 R 7 TR B B AL T B 2 i i s A Ak A, DT
IR B A PRVl i SRS 125 T
P B 1% R B PR . Luo &1 %3t T —Fh &
A A A AR PR VRS 1) A TR ) RO S A R —
AU & T BAT Q T8 3G I 2R AOIR A T
. SRR R A B R R RO B R
CSIEVERE A X R B L R0 S5 R S R
TLEE A0 . Sun S T — R LU B K 2K 1
PR A W R Ry ¥ B B 1) 3 R AR L 28 95 0T 7 B
K 2T BRI A BE O 101 . 5 AN AL e 38 $AO A




212 [N ]

PN

4560 %

Fb o 12 35 PR LA AR A AR B A S A R

LRI R A R 2 LA B TN
FLAE L fil % ™ A5 5w A B 40 7 5 1 0 D HE 51 ) L T
S5RA B FRRAGE M RSB E R, Hik. MR
VIR 22 AL 25 40 A 2R 0 — 2 5 Ak Y SRR 1) 1% AR
b . SHR A 45 R A S —FhAL 30 HE 3 (9 2 FL A
ek e L Bl i R E 0 e 5 A LR A R L AT R Y
i1 /00 7. 5 22 AL A5 M A SR AT BB A% e WO s B A 1 B TE
B35 RN A ) 22 1] AU A BR A DT 4R R 34 AR
PR B, Zhang 25000 ¥ 8 ) & 1 A4 W W0
FH 5 Ak 6 40 9K 20 95 38 2o 9 s AH 4B L 3R, fil
42,00 mm X 0. 27 mm A4 X 38 _E 5 2GR % =
51100 W/em®, Fan %571 76 BEAL 2 L4 22 18 7 5
S A AT 25 R AR A 49 AR IR TR S 8 5 K Ak B S AT
SCPR R IA 208 W/ em® A BT 2 B B T

itk — A R TT I A 25 F AR A MR A A
M A FA R L 2R SCOR P 2% /K I B 1 A5 R AR R
W DA SR A 28 R BTBLAR RT3 L I 8 I 7K 40 4
VB Ry Vo W THT S PR T 10 80 0 BROIR 5 45 T A Y B
TV . BIFoT A SR R B, P A 1 X b LA A S
(14 42 SRR 357 I 1

1 Byl o od

1.1 ZEZRREIMEREBRLEN

i AERLAE R 5 pm B R L0 (PS) fRlek 41
R AR LB F e DR L 3 S 2 1 IR . TR
TROEN ) 5 R 20 O ORR IO AR A Al B8 4 L A o f B
BRI 4 A9 I 2 FoR

: F

(O WERPIRE A 4%

(o) i i Fit (D A A it
Pl 2 S8 A R o i AR

Fig. 2 Fabrication process of inverse opal structure
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Fig. 3 Structural morphology and wettability characteristics

of surface modified inverse opal
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Fig. 4 Structural morphology and wettability characteristics

of superhydrophobic surfaces
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Fig. 5 Schematic diagram of vapor chamber manufacturing

device
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Fig. 6 Schematic diagram of vapor chamber experimental

system
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Fig. 7 Schematic diagram of temperature measurement system

and thermocouple array
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this paper with other thermal spreaders
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