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National Chiao Tung University

Abstract

In this work, pool boiling-of de-ionized (DI) water on the micropillar
array-coated surfaces for five different sizes of heater (0.2 x 0.2, 0.5 x 0.5,
1x 1,15 x 1.5:and 2 x 2 cm?) and four different heights of pillars (25, 50,
75 and 100 um) were studied. The effects of heater sizes and micropillar
heights on Critical Heat Flux (CHF) of pool boiling were discussed. The
obtained CHFs after subtracting conduction heat losses for the heater sizes
0f 0.2 x 0.2, 0.5 x0.5,1 x 1,1.5 x 1.5:and 2 x 2 cm* are 217.7, 220.5, 208
+ 1.1, 159.4 + 4.2 and 135.8 + 0.8 W/cm® respectively, and the percentages
of the heat losses for the five different sizes of heaters are 35.5, 15.3, 5.8 +
0.2,8.1 +0.7 and 6 + 0.4 % respectively. The highest CHF of about 220.5
W/cm? was obtained on the 0.5 x 0.5 cm? sized heater. This value of CHF
is one of the highest CHFs obtained in the field of boiling heat transfer. The
CHF increases as heater size reduces when heater size is larger than 1 cm®.
The theoretical predications of the modified hydrodynamic theory agree
well with the obtained CHFs on these sizes of heaters. This also supports
our proposed modified hydrodynamic model. On the other hand, there is no
apparently size-dependent-CHF observed when the heater size is smaller
than 0.5 x 0.5 cm®. This might be due to that the hydrodynamic theory is
not suitable for very small heaters on which the surface tension force is too
large for bubble releasing.

The obtained CHF (after subtracting conduction heat loss) for the four
different heights of micropillars are 205.6 +£ 0.3, 208 + 1.1, 184.3 + 2.9 and



157.6 respectively, and the percentages of the heat loss for the four
different heights of micropillars are 7.5, 58 + 0.2, 5.7 and 6.3 %
respectively. The CHF increases as micropillar height reduces when
micropillar height is more than 50um. It suggests that the CHF is limited by
the capillary force for these heights of pillars. Nevertheless, there is no
micropillar-height-dependent CHF observed when the height of the pillar is
shorter than 50um. This might be due to that the capillary limit it too high
to restrict the occurrence of the CHF.

Keywords: Pool Boiling, Critical Heat Flux, Silicon Micropillars, Pool
Hydrodynamics
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