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Experimental Study of Flow Boiling of FC-72 in an Inclined
Rectangular Channel

Student: Tse-An Chu Advisor:Ding-Chong Lu

Department of Mechanical Engineering
National Chiao Tung University

Abstract

This thesis describes the experimental investigation of the fully developed flow
boiling heat transfer for FC-72 with Reynolds numbers 500,1200,2000 , subcooled
temperatures 15°C,21.5°C,28°C ,as well as test section orientations of 0" horizontal
flow, 45° upflow, 90° upflow with the heated copper block face-up and 135° upflow
with the heated copper block face-down. The channel is constructed having a
crosssection of 2mm height and 10mm width with a hydraulic diameter of 3.33mm.

The results show that increasing both fluid velocity and subcooled temperature
would reduce the wall temperature gradually.at the regions of single phase heat
transfer and partially developed nucleate boiling. At the region of fully developed
nucleate boiling, the influences of both fluid velocity:and subcooled temperature are
reduced gradually. The critical heat flux (CHF) always increases as the values of flow
velocity and subcooled temperature rise.The.CHF values of 0°,45°,90° with heated
surface upward-facing orientations are almost the same. However, the CHF values for
upflow with heated surface downward-facing are much smaller than those for upflow
with heated surface upward-facing.

Keyword: flow boiling, Reynolds number, subcooled, critical heat flux,

flow orientations
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Properties

FC-72

Average Molecular Weight

340 kg / kgmole

Critical temperature » Ty

178°C

Saturation temperture @ Ty

56.6C

Density of liquid * py

1600 kg / m’

Density of vapor * p,

1339 ke /m’

Heat of vaporization * hs,

047907/ kg

Thermal conductivity of liqmd » kg

D0338W/me=k

Specific heat of liqgud + Cpy

1102 7 / kg k

Thermal diffusivity of liguad » oy

3.064 %10% m/ s

Kinematic viscosity of liqud » v

2720 %107 m>/ s

Prandtl number of liquud * Pr 8.900
Coefficient of thermal expansion of ligmd » [ -0.001639K™
Surface tension of liquid * o 0.008348 N/m
Dielectric constant * 2527 ( 1IKHz ) 1.76
Dielectric Strength * KV (2.54mm gap ) 42
Solubility of Aar 48

{ ml gas/100ml liqud )

2 1-1 A 2R FC-T2*~ < § Rz $ 12 [2]
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Downward- Upward-
FacingChips * [~ Facing Chips
{9
00
outlet — Multi-Chip Module
-45° L45°
(fhannel s
Upflow ‘\\\ 1quw Upfiow
. - &
I__ _guoD—_, :\: f_l O —]
-~ ., L
Downflow /," \\\ Downflow
» Possibility for two-phase -135° 135° '+ Possibility for two-phase
instabilities at low velocities instabilities at low
and low subcoolings 180° velocities and low
+ Bubble counterfiow and subcoolings
stagnation = Bubble counterflow and
= Local dryout stagnation
* Large decrease in CHF « Decrease in CHF at low
especially at low velocities velocities and low
and low subcoolings sn.bcoalh?:s
» Large CHF bandwidth in Downward- Upward- * Large CHF bandwidth in
low-velocity CHF regime Facing Chips Facing Chips low-velocity CHF regime
* Temperature oscillations * Temperature oscillations
near CHF at low velocities near CHF at low velocities
and low subcoolings and low subcoolings
N DL - =
B 1-3 onsg > =7 RBIL3][11]

= Stable flow
= Bubbles move with flow
= High CHF
= Small CHF bandwidth
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Downward-facing heater -—I— Upward-facing heater
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/ Downflow
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Hydrodynamic entrance length L, and thermal
entrance length L, for laminar flow inside ducts*

Lt [}h
Pe
Ly/Dy, Constant wall Constant wall
Geometry Re temperature heat flux
0.056 0.033 0.043
OO
:" 2b 0.011 0.008 0.012
2a
2b
a
E— 0.25 0.075 0.054 0.042
(.50 0.085 0.049 0.057
1.0 0.09 0.041 0.066

% 2-1-k+ #BE &R ZL[18]
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Parameter Inaccuracy | Uncertainty
(Channel Geometry) +0.05(mm) +2.59%,
Length,Width and Height

(Simulated Chip ) £0.05(mm) | £0.83%
Thickness B

Chip Area +0.7%
Temperature 10.5(°C) 11.7%(max)

Temperature difference

(AT )

+1.7%(max)

Heat Flux

+9.7% (max)

Heat transfer
coefficient(h)

+9.8% (max)

3 0-AWR A 45
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