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TRANSIENT SIMULATION OF SUBCOOLED ONSET OF NUCLEATE BOILING
IN A MICRO-CHANNEL

HJ. Lee'

A numerical study of subcooled onset of nucleate boiling (ONB) in a micro-channel under pulsed heating
using volume of fluids (VOF) model was conducted. The VOF simulation adopting the existing experimental
condition is compared to the experimental data. The time to ONB was determined when the void fraction at the
microheater surface first appeared. The theoretical superheat for homogeneous nucleation relatively predicts the
transient ONB results of convective flow of water well based on local temperature distribution. It was found that
once heat load increases at the heater, transient flow boiling starts to occur faster.
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Fig. 1 Grid of single micro-channel heat sink geometry with
a micro-heater
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Fig. 2 Grid independence validation of the simulated transient
heater temperature using Fig. 1 geometry
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Fig. 3 The experimental setup of Chen and Cheng [4]
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Fig. 4 Comparison of the transient simulated heater
temperature and the experimental data of Chen
and Cheng [4]

01
oosf
oos |-
0o04f

0.02 -

ol

et

.,

0

05

t

1
(msec)

15

Fig. 5 The transient simulated void fraction
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Fig. 6 The local heater temperature of the VOF simulation
at 0.35 ms (ONB)
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Fig. 7 The simulated void fraction on the microheater comparing
to Chen and Cheng [4] visualization
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Fig. 8 The simulated heat flux on the top and bottom
of the heater
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Table. 1 Comparison of the existing ONB correlations and the
simulating data of Chen and Cheng [4] at 200°C local

heater temperature

ONB Correlation "(‘,f,'lF\’,{ffr‘; ‘}

Current simulation 11.5

Hsu (1962) [7] 324

Sato and Matsumara (1963) [7] 51.8

Bergles and Rohsenow (1964) [7] 81.4

Kandlikar et al. (1997) [7] 45.1

Ghiaasiaan and Chedester (2002) [8] 1.93

Fig. 9 The simulated transient heater temperature of the
200 pm x 200 pm heater on Pyrex substrate in a
200 pm micro-channel
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Fig. 10 The simulated transient heat flux to water and Pyrex
substrate of the 200 um x 200 pm heater in a 200 pm
micro-channel
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