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Transient Flow Boiling Heat Transfer of FC-72 and Associated
Bubble Characteristics over a Small Heated Plate in a Horizontal

Rectangular Channel

Student : Zheng-Sheng Yang Advisor : Prof. Tsing-Fa Lin

Institute of Mechanical Engineering

National Chiao Tung University

ABSTRACT

This study intends to explore how a time periodic coolant flow rate affects the
transient forced convective boiling heat transfer and associated bubble characteristics
of FC-72 over a small heated circular copper plate flush mounted on the bottom of a
horizontal rectangular channel with a cross section of 20 mm in width and 5 mm in
height. The diameter of the copper plate‘is 10-mm.-More specifically, the effects of
the coolant flow rate oscillation inthe form of nearly triangular wave on the transient
flow boiling will be examined in detail. In the experiment the time-average coolant
mass flux G is varied from 300 to 400 kg/m’s and the amplitude of the coolant mass
flux oscillation is fixed at 0%, 5% and 10% of G . The period of the coolant mass
flux oscillation varies from 10s to 30s. Besides, the liquid subcooling at the inlet of
the channel ranges from 0°C to 10°C and the heat flux imposed on the heated plate

varies from 0.1 to 10 W/cm?>.

The experimental results show that the time-average data of the FC-72 transient
saturated and subcooled flow boiling heat transfer characteristics are not affected to a
significant degree by the amplitude and period of the coolant mass flux oscillation. In

fact, they resemble these for the stable flow boiling. However, in the transient
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saturated and subccoled flow boiling of FC-72 significant temporal oscillations in the
boiling heat transfer coefficient, bubble departure diameter and frequency, and active
nucleation site density appear for the imposed heat flux slightly higher than that for
ONB. They oscillate at the same frequency as the mass flux oscillation. Besides, at a

higher imposed heat flux and for a larger amplitude of the mass flux oscillation

stronger oscillations in h,,, dp,, f and N, are noted. But they are only slightly affected

262
by the period of the mass flux oscillation. Furthermore, in the time duration in which
the mass flux rises with time both the size of the departing bubbles and active
nucleation site density decrease, but the bubble departure frequency increases. The
opposite processes occur for a sink of mass flux with time. We also note that an
increases in the inlet liquid subcooling causes stronger oscillations in the boiling heat

transfer coefficient.
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Mean bubble departure frequencies for various imposed heat fluxes for
transient subcooled flow boiling for G=400+10% kg/mzs and ATgw= 10°C
with t,=10 sec (a), 20sec (b) and 30 sec (c)

Mean bubble departure frequencies for various periods of mass flux
oscillation for transient subcooled flow boiling for G=300+5% kg/m’s and
ATgw= 10°C with (a) g=6.7 W/ecm?” and (b) q=8.1 W/cm®

Mean bubble departure frequencies for various periods of mass flux
oscillation for transient subcooled flow boiling for G=300+10% kg/m’s and

ATgw= 10°C with (a) g=6.7 W/cm? and (b) q=8.1 W/cm?

Mean bubble departure frequencies for various periods of mass flux
oscillation for transient subcooled flow boiling for G=400+5% kg/m’s and

ATgw= 10°C with (a) q=8.1 W/cm” and (b) g=9.6 W/cm®

Mean bubble departure frequencies for various periods of mass flux
oscillation for transient,suibcooled flow boiling for G=400+10% kg/m’s and

ATqw= 10°C with (a).g=8:1 W/em*and (b) g=9.6 W/cm’

Mean bubble departure’ frequencies for various amplitudes of the mass fluxes
oscillation for transient subcooled flow boiling for g=8.1 W/cm? and ATgp=

10°C with period=10 sec (a); 20'sec(b), and 30 sec (¢)

Mean active nucleation site densities for various coolant mass fluxes for stable
subcooled flow boiling (a) and various imposed heat fluxes for transient
subcooled flow boiling for G=300+5% kg/mzs and ATq,= 10°C with t,=10 sec
(b), 20sec (¢) and 30 sec (d) -

Mean active nucleation site densities for various imposed heat fluxes for
transient subcooled flow boiling for G=300+10% kg/m’s and ATgw= 10°C

with t,=10 sec (a), 20sec (b) and 30 sec (c)

Mean active nucleation site densities for various imposed heat fluxes for
transient subcooled flow boiling for G=400+5% kg/mzs and ATg= 10°C with

t,=10 sec (a), 20sec (b) and 30 sec (c)--

Mean active nucleation site densities for various imposed heat fluxes for
transient subcooled flow boiling for G=400+£10% kg/m’s and ATyy,= 10°C

with t,=10 sec (a), 20sec (b) and 30 sec (c)

Mean active nucleation site densities for various periods of mass flux
oscillation for transient subcooled flow boiling for G=300+5% kg/m’s and

ATg= 10°C with (a) g=6.7 W/ecm?” and (b) q=8.1 W/cm?
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Fig 5.197

Fig 5.198

Fig 5.199

Fig 5.200

Fig 5.201

Fig 5.202

Fig 5.203

Fig 5.204

Fig 5.205

Fig 5.206

Fig 5.207

Mean active nucleation site densities for various periods of mass flux
oscillation for transient subcooled flow boiling for G=300+10% kg/m’s and
ATgw= 10°C with (a) q=6.7 W/cm” and (b) q=8.1 W/cm?

Mean active nucleation site densities for various periods of mass flux
oscillation for transient subcooled flow boiling for G=400+5% kg/m’s and
ATgw= 10°C with (a) q=8.1 W/ecm?” and (b) g=9.6 W/cm®

Mean active nucleation site densities for various periods of mass flux
oscillation for transient subcooled flow boiling for G=400+10% kg/m’s and
ATg= 10°C with (a) g=8.1 W/ecm?” and (b) g=9.6 W/cm®

Mean active nucleation site densities for various amplitudes of the mass fluxes
oscillation for transient subcooled flow boiling for q=8.1 W/cm? and AT =
10°C with period=10 sec (a), 20 sec (b), and 30 sec (c)

Comparison of the measured data for mean bubble departure diameter for
subcooled flow boiling of FC-72 with the proposed correlation

Comparison of the measured data for mean bubble departure diameter for
transient subcooled flow boiling of FC-72 with the proposed correlation---------

Comparison of the measured data for mean bubble departure frequency for
subcooled flow boiling of FC-72 with'the proposed correlation

Comparison of the measured -data for mean bubble departure frequency for
transient subcooled flow boiling of FC-72with the proposed correlation -------

Comparison of the measured-data_for mean active nucleation site density for
subcooled flow boiling of FC-72 with the proposed correlation

Comparison of the measured data for mean active nucleation site density for
transient subcooled flow boiling of FC-72 with the proposed correlation---------

Comparison of the measured data for boiling heat flux for stable subcooled
flow boiling of FC-72 with the proposed correlation

XXX

376

377

378

379

380

381

382

383

384

385

386



NOMENCLATURE

2
area, m

element height, m

specific heat, J/kg'C

hydraulic diameter of rectangular-channel, m
mass flux, kg/m’s

acceleration due to gravity, m/s*

height, m

heat transfer coefficient, W/m*-K
measured current fromiDC power supply, A
enthalpy of vaporization, J/kg-K
thermal conductivity, - W/m-K
length, mm

mass flow rate, kg/s

Ja'

Jacob number based on AT

sub ?

_ pl.Cpl.ATsub . -
= ——————  dimensionless
pv ’ 1lv

Nusselt number, Nu = h%, dimensionless

system pressure, kPa

p

Prandtl number, Pr= , dimensionless

Active nucleation site density, n/m’

heat transfer rate, W
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q average imposed heat flux, W/cm®

Re Reynolds number, Re = GTD , dimensionless
S element space between two adjacent elements, m
T temperature, C

\Y coolant FC-72 flow velocity, m/s

Vv measured voltage from DC power supply, V
AW width, m

Greek Symbols

AT temperature difference; 'C

Y7, dynamic viscosity, “N#s/m*

v specific volume, m’7kg

p density, kg/m’

€ relative heat loss, dimensionless

Subscripts

ave average

c,h from heater surface to cooper surface

cop copper

cs cross-section of rectangular-channel

d diameter
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fin

in

1,0

lv

sat

Sp

effective

fin

mean bubble departure frequency
gas

hydraulic

at the inlet of the test section

at the inlet of the test section

at inlet and exit of the test section
all-liquid nonboiling heat transfer
liquid phase to vapor phase

average value for the two phase:mixture or between the inlet and exit
mica

net power input to the coolant EC-72
active nucleation site density

at the outlet of the test section
preheater

pool boiling

coolant FC-72

surface

saturated state for coolant FC-72

single-phase convective heat transfer
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sub subcooled state for coolant FC-72

T teflon

t total

t-g thermal-grease

tp two-phase boiling heat transfer
v vapor

w wall

W water

1 single-phase

2¢ two-phase
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