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ABSTRACT

With the advancement of microelectronic technology and the continuous improvement of device integration, microelectronic

devices’ power density and heat generation have continuously increased. As microelectronic devices generate high heat flux

exceeding 150 W/en’, we need a more efficient solution for thermal management. Flow boiling is a proper solution due to

the high heat transfer coefficient, less coolant flow rate, and uniform temperature distribution across the channel surface.

However, the plain surface of minichannel has a small number of nucleation sites; surface modification can be a promising

solution for enhancing boiling. Sintering, electric discharge machining (EDM), chemical etching, and coating have been

investigated for surface modification, but these methods require considerable time, have a lot of costs, and have low

productivity. Sandblasting, a method that sprays small abrasives under high-pressure air, is suitable for industrial applications

because of its high productivity. Therefore, this study analyzed flow boiling heat transfer enhancement by applying sandblasting

on the heat transfer surface. The experimental results showed that the onset of nucleate boiling is triggered at a smaller wall

superheat, and the heat transfer coefficient is enhanced by 127%. Visualization analysis further confirmed that a sandblasted

surface generates more nucleation sites, and the distribution of the nucleation sites is more uniform compared to a plain surface.

Additionally, flow boiling heat transfer increased as the sandblasting abrasive became larger, using a 0.6 mm SUS cut-wire,

which had the best heat transfer performance among all test conditions.
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0.2 mm SUS cut-wire

(C) (b)

Table 1 Roughness characteristics of sandblasted channel

Air (4 bar) + Abrasives
J_ SUS cut-wire size Ry, ave Deviation of R,
Plain 0.496 pm 0.143 pm
0.2 mm 2493 um 0221 um
0.4 mm 5.108 um 0.301 pum
0.6 mm 7.989 um 0.434 pym
24 X oA W 2&F AT A1}, SUS Zefo]o] £E9)
ZAo] 0.2, 0.4, 0.6 mm¥ o FH# FH == 77+
2.493, 5108, 7.989 um= UEGTE F£3F SAH FH =
() 02mmsUscutwire 0.4 mmiSUS cutewie 2O FEHAR= 7F7F 0,221, 0,301, 0,434 um= AAFE A
onf, ol Al=delay Yo BRUT BYolE B7o
AL H| A e 2 227 FAEUSS HojErh B
MESTAY FHAYE 1A @82 Plain 29 9 2
Rog = 2:493 pm 108 pm Ry =7.989 prm = 0.496 um= UEpyith 3 XE EAJE Table 10] &
Fig. 1 Fabrication of sandblasted channel : ersfo] L i
(a) Schematic of sandblasting process,
(b) Microphotograph of sandblasting abrasives(SUS cut—wire), 3. &¥ ZX| U g
(c) SEM images of sandblasted surfaces
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Fig. 3 Measured heat loss and linear regression
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