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Evaporative Modeling in a Thin Film Region of Micro-Channel

Kyoungwoo Park, Kwan-Joong Noh and Kwan-Soo Lee
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Abstract

A mathematical model of the hydrodynamic and heat transfer performances of two -phase flow (gas-liquid)
in thin film region of micro channel is proposed. For the formulation of modeli ng, the flow of the vapor phase
and the shear stress at the 1iduid-vapor interface are considered. In this work, disjoining pressure and capillary
force which drive the liquid flow at the liquid-vapor interface in thin film region are adopted also. Using the
model, the effects of the variations of channel height and heat flux on the flow and heat transfer
characteristics are investigated. Results show that the influence of variation of vapor pressure on the liquid
film flow is not negligible. The heat flux in thin-film region is the most important operation factor of micro
cooler system
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Fig. 1 Schematic of a micro-channel with heat flux
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Table 1 Properties of working fluid

Properties Values

Dispersion constant ( 4 ) 2.87x107 J

Latent heat of evaporation (4, ) 2.256x10° J/kg

Thermal conductivity of liquid (%, ) 0.68 W/m-k
Density of liquid ( o, ) 958.31 kg/m’
Viscosity of liquid ( 4, ) 2.82x10* N-s/m?
Density of vapor ( p, ) 0.598 kg/m’
Viscosity of vapor( 4, ) 12.02x10° N-s/m’

Surface tension ( o ) 5.89x107 N/m
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Table 2 Non-dimensional parameters in Fig. 3 and 5

Parameters Calculated values
x‘:l—x/L L=822um
s =48/6; 6, =22.63 ym
P P,-Py P, ,=17,100 Pa
=] s
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«_ Bim P P, o= 26.947x10°
P =— 7,0= 26.947x10° Pa
. Fi=P P, ; =26.950x10° Pa
Pc = Pc /Pc L ,
P _p P P, =246.35Pa
47 Td D P, o=2.87x10° Pa
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08}
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0.0 0?2 0:4 . 0?6 0:8 1:0
X
Fig. 3 Dimensionless film thickness, vapor and liquid
pressures
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