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With recent technological developments in various industries, the heat flux of

Rec?ived 26 February 2024 electronic components is rapidly increasing due to their miniaturization and high
Revised 3 April 2024 performance. To reliably and efficiently cool these high-heat flux electronic
Accepted 4 April 2024 ’ i . .
components, the heat transfer coefficient may be improved using phase change:
a vapor chamber is a typical example of such a cooling device. Recently, research
Keywords: on vapor chambers using metal additive manufacturing methods has also been
Wicking performance . . . . C .
. conducted. Accordingly, in this study, the capillary wicking performance of
Capillary force . . . ..
. grooved wick for vapor chambers was examined using a metal additive
Grooved wick . _ . . .
manufacturing method. The wicking performance was investigated according to
Vapor chamber .. . . .
.. . the printing directions, cutting methods, and geometrical parameters of the groove
Additive manufacturing . S L. . . .
Ph N wick, and evaluated considering the wicking distance and maximum reach height
ase change over time. Acetone and Novec 649 were adopted as working fluids, and
differences between the experimental and theoretical values for the wicking
performance were compared and analyzed.
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Table 1 Material properties of AISi10Mg'®

Utlt:;it:e Yield Plastic Thermal Melting
strength strength | elongation | conductivity range peoton L Boctionia B Sremon o
MP: 9 W/mK °C
am | O |0 | WK | O)
290-420 | 170-270 5.8-17.5 120-170 557-596

Table 2 Grooved wicks parameters

Sample| Width | Height | Gap Printing Cutting
No. | (Wch) | (Hch) (Ws) | direction (D) | method (C)
1 0.2 0.4 04 Horizontal Wire EDM
2 0.2 0.4 0.4 Vertical Wire EDM Fig. 3 Seperated sections of the grooved wick
3 0.2 0.4 0.4 Vertical Grinder
4 0.1 0.4 0.2 Vertical Grinder Table 3 Physical properties of working fluid (20°C)
5 0.1 0.8 0.2 Vertical Grinder Workd A Density Surf.ace Viscosity Boil‘ing
6 | 02 | 04 | o2 Vertical Grinder orking fluid | = )y | tension | pgy | POInt
7 0.2 0.8 0.2 Vertical Grinder (mN/m) Q)
8§ | 08 | 02 | o2 Vertical Grinder Acetone 071 27 033 565
9 2 1 o2 04 Vertical Grindor Novec 649! 1.600 10.8 0.64 49.0
DI-water™ 0.998 72.8 1.00 100.0
HFE-7000") 1.418 12.3 0.47 34.0
Opteon SF33'"7 | 1.360 13.0 0.38 334
A 5ol A&Ho2 Askd 4 lr. FEUok FRuljrtel
23 54 AT, AEo] 7ol Agstn st Ao
Ul S71950] wil- okl ©3do] Qlok wbA], & oM
qnlae] 23 B4 1 AP Yol AU 54 2%
Fig. 2 Geometrical shapes of the groove wick & 2+ oHES AERAE AAsiglen, A3 W] AR E
£ 3M 2 AU old G4 Novee 6495 377 Asict =
Soro FIt] 913 W @ 720 A E 60.0mm, Aol g AERA] W42 U7 A5 Mg A o2 Al AE
65.0 mmZ AAEAC Fig. 2= O g B 2oz 9 gz Msol 22 282 QIxUolg 8xQl HFE-7000,
=O)(Han)&= 0.2-0.8 mm, ZFH(Wy)> 0.1-1.2 mm, ZFH(W)2  Opteon SF33S Z3toto] 4:a35lglt). £ Aol|A AMR3 59
0.2-0.4 mmE 7H|H, wjo|s AH 52 7+ Z7|to] ot WES o] 97 syl alE 24 EAL Table 3o LEQITH
BA3}7] SJsto] FAFolE A4 L2E ATt Table 201
= B o] AlAE 22H 99| parameterS LERQITE 7|5kt 2.2 ArasH
% Byl Aol offet 3D =G| AF WY S MR A Fig 4 2 A7l BT olst kel T Y B o
g WAlo] w2 97 H5S WA vlmst] flsl 4 AIRE st AUEE vERd Aot AEaAle 129 SURM A
Gtk 43 e +5h 4%, el 18 AL olol BE okl FUoka, A4Sl HERAL 7] 2018 B B3
F(wire electrical discharge machining)?t I2IQIE ARo=z U 2 1A Heh #4229 S2HojN AZGA= 98 W&t o
Ak 2 A I8 98 A FHOZ Unsion), 97 45 o= pEsisln 98 tel il YRR Sgelb Bk 5
=7 A A 729 Bk =55kaA vk ARY 9 78 2R AEeAS $9-35 et 4eiE o8 ¢ 7R Qug
+ Fig. 3ol etk o] o]FojXit}. UtAo= Hjojy M) HA 5ol 7 2
Hlo|H H Wi e 2 Z54, dmUol, ofE, HFE Y¢S vjX+& AR capillary limitQl] o= 97) (44 A
AY 5ol A 4 Stk ZF4E 97 0] $4stm Hiddel ol et 29 HLh ThAl Wokw, 97 Aol $248 A5G
AR, G0 Fe] o5t Hhgo R Qs ESFA 7tAE A AlVE 9¥6] egste] 23 5ol oAl "o Fig. 49] H|o]
SR FR4-UR0lE XYOR volx] WS ALY A B W BHY WUSS vigoR 149 QHYS sgeta o
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Vapor flow

Heat Dissipation

Heat Source Wick structure Liquid flow  Container
Section View Wick structure Liquid flow

Fig. 4 Schematic diagram and heat transfer mechanism of the

vapor chamber
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(@

Fig. 6 (a) Fabrication of grooved wicks by printing directions, (b) grooved wick samples, (c) optical microscopic image of grooved
sample no. 2), (d) geometries of the grooved wick

wicks (left : sample no. 1, right :
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