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The nucleate boiling heat transfer by the hydrophobic milli-dot on the silicon surface
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1. Introduction

Over the past years, the enhancement of nucleate
boiling heat transfer is an interesting topic in two-phase
area. Because of this point, many researchers attempt to
derive a better nucleate boiling heat transfer condition.
Among those many tries, the change of wettability is
regarded as a powerful method. Recent studies have
shown that the nucleation site density, which is a
dominant factor on nucleate heat transfer, is related
with the surface wettability. In this respect, the pool
boiling experiment result on interesting surface, which
has the hydrophobic milli-dots on the silicon surface, is
introduced in this paper.

2. Methods and Results
2.1 Sample preparation

Three kinds of the heating surface, i.e. silicon, 1-
milli-dot, and 9-milli-dots surfaces, are examined in the
pool boiling experiments under 1 atm. Each heating
surface has a different surface condition but it is based
on the same basic silicon oxide surface which has the Ti
heater under the silicon surface for Joule heating. The
effective heating silicon area is 10mm x 15mm.

The basic surface material is the silicon oxide whose
contact angle to water is 60° at room temperature. By
the hydrophobic dot stamping method, all the bare
silicon oxide surfaces are changed to unique individual
surfaces from a silicon surface condition.

The hydrophobic dots on the silicon surface are made
of the peculiar Teflon (AF1600). A characteristic of the
AF 1600 enables it to be dissolved in an appropriate
solvent and its contact angle to water is 120° in the
room temperature when all of the appropriate solvent
get evaporated

2.2 Surface Characterization
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Fig. 1. Static Contact angle on (a) Silicon surface and (b)
Teflon coated surface

We measure the static contact angle to know the
exact difference on the surface wettability. 3 micro-
liters of water are needed to generate a droplet on the
surface of the heating sample. The results of repeated
measurements indicate that the measuring uncertainty
of the contact angle is about 3°. The contact angle of the

silicon surface, which contains the native oxide layer, is
60°. The exact contact angle made by the AF1600
coated surface, which is the particular Teflon, is 120° in
the present condition.

It is confirmed by the 3D-profiler that the Teflon dot
does not possess a micro structure which can affect the
boiling phenomena. Table I shows detailed data about
the Teflon dot. The Ra, which is one of the roughness
parameter most commonly used so far, of Teflon dots is
12.04nm. It is a small order enough to observe that
boiling phenomena is not governed by the dot micro
structure effect.
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Fig. 2. (a) Dot by 3d-profiler, (b) 1-mlli-dot,(c)9-milli dots

Table I: Information about Teflon dots

Type 1-Milli-dot |  9-Milli-dots
Ra 12.04nm
Average 1.07mm 1.25mm
Diameter 1.25mm 1.07mm
Area Ratio
=Total Teflon 0.8% 5.4%
Area/ =[1.23/150] =[8.09/150]
Heating Area
Pitch none >Imm
2.3 Result and Discussion
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Fig. 3. Boiling curves: Silicon, l-milli-dot, and 9-milli-dots

All experiments are conducted through the same
procedure and condition in 1 atm at saturated with
distilled water by electronic joule heating method. Fig.3.
shows the boiling curve in experiment with the bare
silicon surface, 1-milli-dot, and 9-milli-dots on silicon
surface. In terms of the nucleate boiling heat transfer,
hydrophobic dots have a good effect. Of the 2
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hydrophobic type samples, the 9-milli-dots shows a
great better enhancement of nucleate boiling heat
transfer than reference silicon surface, and the 1-mlli-
dot shows a slightly better than silicon surface. But the
hydrophobic dot cases show the bad effect for CHF.
The 9-milli-dots experiment record the worst CHF
among all experiment and 1-milli-dot is next.

To analyze the difference of heat transfer between
samples, the bubble growth at the onset of nucleate
boiling (ONB) is shot by the high speed camera.
According to analysis of bubble growth by photograph,
there are the big three differences between the
hydrophobic dots and bare surface.

One is the timing of ONB. Bare silicon surface’s
ONB is near 115C, but the ONB of hydrophobic dots is
101~102C. The early ONB can induce the boiling
phenomena to good heat transfer situation, and is well
shown at the 9-milli-dots boiling curve. The other is
bubble departure frequency which shows very slower
on the hydrophobic dots than on the silicon surface.
From the photograph analysis, the bubble on silicon
surface takes 16.31ms, and that on the hydrophobic
dots takes 0.61s from the initiate to the departure. It is
conjectured that the ONB of the hydrophobic dots is too
early to make many bubbles for certain period of time.
The last point is initiation bubble size. The bubble size
is affected by many factors, like as the surface
condition, so their size and initiated place is not exactly
same through all experiments on the silicon surface. But
the experiment with the Teflon dots has the exactly
same initiated place, the hydrophobic dots, and the
initiated bubble size on the hydrophobic dots is
depended on the size of the hydrophobic dots. It means
that the 1-mlli-dot and the 9-milli-dots have almost
same bubble diameter on a dot at the ONB.

With these observations, the nucleate boiling heat
transfer characteristic of each case can be explained.
All hydrophobic dots make the early ONB but the
bubble departure frequency at the ONB is very slow. So
I-milli-dot case shows a slightly better than the
reference; only one milli dot doesn’t make total bubble
volume which can majorly affect the nucleate boiling
heat transfer. But 9-milli-dots case shows a great better
than the reference; the frequency on 9-mlli-dots is same
as 1-milli-dot. But the total bubble volume on 9-milli-
dots is larger than that on 1-milli-dot: Because bubble is
initiated at the hydrophobic dots not at a dot and the
each size of that contains same as 1-mlli-dot.

In the point of CHF, the bad result on the
hydrophobic dot is conjectured that the characteristic of
hydrophobic material which likes the vapor more than
the liquid. It means that the liquid inflow could not
approach the hydrophobic dot surface at the high heat
flux situation. So the larger area of the hydrophobic dot
can have the more chances to meet CHF at low heat
flux. These tendencies are well shown in fig.3; the 9-
milli-dots have the largest Teflon, and worst CHF.

3. Conclusions

1. The hydrophobic milli-scale dots have a good
effect for nucleate boiling heat transfer.

2. The difference between the 1-milli-dot and 9-
milli-dots about nucleate boiling heat transfer is
explained by the particular bubble dynamics on
the hydrophobic dot.

3. The hydrophobic milli-scale dot have a bad
effect for CHF

REFERENCES

[1] Hyungdae Kim, Jeongbae Kim, and Moo Hwan Kim,
effect of nanoparticles on CHF enhancement in pool boiling
of nano-fluids, Int. J. Heat and Mass Transfer, Vol. 49,
pp.5070-5074, 2006

[2] T.M. Anderson and 1. Mudawar, Microelectronic
Cooling by Enhanced Pool Boiling of a Dielectric
Fluorocarbon liquid, J. Heat Transfer, vol. 111, pp.752-759,
1989

[3] RW.L. Fong, G.A. Mcrae, C.E. Coleman, T.
Nitheanandan, and D.B. Sanderson, Correleation Between the
Critical Heat Flux and the Fractal Surface Roughness of
Zirconium Alloy Tubes, Enhanced Heat Transfer, vol. 8, pp.
137-146, 2001

[4] Klemen Ferjancic and Iztok Golobic, Surface effects
on pool boiling CHF, Experimental Thermal and Fluid
Science, vol. 25, pp. 565-571, 2002

[5] E.Hahne and D. Diesselhorst, Hydrodynamic and
surface effects on the peak heat flux in pool boiling,
Proceedings of the 6™ International Heat Transfer Conference,
vol. 1, pp. 209-214, 1978

[6] S.K. Roy Chowdhury and R.H. Winterton, Surface
effects in pool boiling, Int. J. Heat and Mass Transfer, Vol. 28,
pp. 1881-1889, 1985

[7] S.P. Liaw and V.K. Dhir, Effect of surface wettability
on transition boiling heat transfer from a vertical surface,
Proceedings of the 8" International Heat Transfer Conference,
vol. 4, pp. 2031-2036, 1986

[8] K. Sefiane, D. Benielli, and A. Steinchen, A new
mechanism for pool boiling crisis, recoil instability and
contact angle influence, Colloids and Surfaces A:
Physicochemical and Engineering Aspects, vol. 142, pp. 361-
373, 1998

[9] Y. Haramura, Critical heat flux in pool boiling, in: S.G.
Kandlikar, M. Shoji, V.K. Dhir(Eds.), in: Handbook of phase
change: Boiling and condensation, Taylor & Francis, pp148,
1999

[10] S.G. Kandlikar, A theoretical Model to Predict Pool
Boiling CHF Incorporating Effects of Contact Angle and
Orientation, J. Heat Transfer, vol. 123, pp. 1071-1079, 2001

[11] Takashi Hibiki, and Mamoru Ishii, Active nucleation
site density in boiling systems, Int. J. Heat and Mass Transfer,
vol. 46, pp. 2587-2601, 2003

[12] Y. Takata, S. Hidaka, and M. Kohno, Enhanced
nucleate boiling by superhydrophobic coating with checkered
and spotted patterns, International Conference on Boiling
Heat Transfer, 2006

[13] Seontae Kim, Hyungmo Kim, Hyung Dae Kim, Ho
Seon Ahn, Moo Hwan Kim, Joonwon Kim, and Goon-Cherl
Park, Experimental investigation of critical heat flux
enhancement by micro/nanoscale surface modification in pool
boiling, Proceedings of the 6™ International ASME
Conference on  Nanochannels, = Microchannels and
Minichannels, 2008

- 568 -



	분과별 논제 및 발표자

	PNO0: - 567 -
	PNO1: - 568 -


