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I nvestigation of Thermohydraulic Boiling Characteristics of FC Fluid in Micro-
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Abstract

The objective of this project (three-year period)
is to conduct specific cooling techniques of
micro-electronic components. In the first year, a
pool nucleate boiling apparatus with FC
dielectric fluid on Flat-plate surfaces has been
established. The analysis of the nucleate boiling
heat transfer with  different
parameters such as heat flux and enhanced-
surface geometric has been investigated. In the
second year, we establish a closed-loop with FC
fluid flowing through micro-tubes in order to
observe evaporative thermo-hydraulic
characteristics. In the third year of this project,
investigations of the relationship of heat transfer
coefficient and pressure drop between the heat
flux, mass flux, qualities, saturated pressure and
saturated temperature were presented.

In the third year, we investigated the
evaporative heat transfer coefficient and pressure
drop characteristics of dielectric liquid FC-72 at
1.3 am in horizontal small-diameter circular
tubes, as well as the flow patterns. The test
sections are two smooth tubes, with 3.17mm and
4.35mm inner diameter respectively.
Experiments were carried out for mass flux from
25010400 /m? xs, and imposed heat flux from
2.5t0 10 kW/ n?.

The results showed that at mass flux
G=250kgl nts, the heat transfer coefficient of

coefficients

tube 3.17mm was higher than that of tube
4.35mm. At mass flux G=300kg/ n?s, in the
low quality region, the heat transfer coefficient
of the tube 3.17mm was aso higher than that of
tube 4.35mm. In the high quality region, the heat



transfer coefficient of tube 3.17mm was lower

than that of tube 4.35mm because of the dryout
of tube 3.17mm. At mass flux G =400kg/ n?s.

heat transfer coefficient of tube 3.17mm was

lower than that of tube 4.35mm.
Pressure drop was shown to rise with higher

quality, mass flux and heat flux. Frictional
pressure drop was also increased by the
decreasing of the test section inner diameter.

At low quality of 0.1, the flow pattern was
wavy-dlug flow. By increasing of the quality, the
flow pattern changed into annular flow. At
quality of 0.7, the flow pattern was shown to
approach dryout.

This thesis aso developed a

correlation of the two-phase heat transfer
coefficient as:
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Working Fluid

FC-72

Properties CoFua
Molecular weight 338 kgl kgmole
Critical temperature, T, 178
Critical pressure, P, 1833.53kPa
Saturation temperature, T, 56.6
Density of liquid, r, 1600 g/ n?
Density of vapor, r, 13.39 kg/ n?
Heat of vaporization, #, 94790 J/ kg
Thermal conductivity of liquid, & [0.0538 W/ mxK
Specific heat of liquid, C, 1102 J/ kg

Thermal diffusivity of liquid,

a, 3.064x10® n?/s

Kinematic viscosity of liquid,

n, 12.729%x107 nfls

Prandtl number of liquid, Pr,

8.900

Coefficient of thermal expansion of

|IqU|d, b, -0.001639 K°*
Surfacetension of liquid, s, 0.008348 N/ m
Dielectric constant 172
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