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Fig. 5.147 Mean bubble departure diameters 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/m’s and AT, =5°C with t,=10 sec (b), 20sec (c) and

30 sec (d).
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Fig. 5.147 Continued.
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Fig. 5.148 Mean bubble departure diameters for various imposed heat fluxes for
transient subcooled flow boiling for G=300£10% kg/m?s and AT, =5°C with t,=10
sec (a), 20sec (b) and 30 sec (c).
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Fig. 5.149 Mean bubble departure diameters for various imposed heat fluxes for
transient subcooled flow boiling for G=400+5% kg/m?s and ATy, =5°C with t,=10 sec
(@), 20sec (b) and 30 sec (c).
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Fig. 5.150 Mean bubble departure diameters for various imposed heat fluxes for
transient subcooled flow boiling for G=400£10% kg/m?s and AT, =5°C with t,=10
sec (a), 20sec (b) and 30 sec (c).
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Fig. 5.151 Mean bubble departure diameters for various period of mass flux
oscillation for transient subcooled flow boiling for G=300+5% kg/m?®s and ATy, =5°C
with (a) g=6.1 W/cm? and (b) g=7.5 W/cm?.
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Fig. 5.152 Mean bubble departure diameters for various period of mass flux
oscillation for transient subcooled flow boiling for G=300+10% kg/m?s and AT
=5°C with (a) g=6.1 W/cm? and (b) q=7.4 W/cm?.
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Fig. 5.153 Mean bubble departure diameters for various period of mass flux

oscillation for transient subcooled flow boiling for G=400+5% kg/m?s and ATy, =5°C
with (a) g=7.4 W/ecm? and (b) g=8.9 W/cm?.
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Fig. 5.154 Mean bubble departure diameters for various period of mass flux
oscillation for transient subcooled flow boiling for G=400+10% kg/m?s and AT
=5°C with (a) q=7.4 W/cm? and (b) q=8.9 W/cm?.
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Fig. 5.155 Mean bubble departure diameters for various amplitudes of the mass fluxes
oscillation for transient subcooled flow boiling for g=7.4 W/cm? and AT.u, =5°C with
period=10 sec (a), 20 sec (b), and 30 sec (c).
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Fig. 5.156 Mean bubble departure frequencies 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/m?s and AT, =5°C with t,=10 sec (b),
20sec (c) and 30 sec (d).
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Fig. 5.156 Continued.
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Fig. 5.157 Mean bubble departure frequencies for various imposed heat fluxes for
transient subcooled flow boiling for G=300£10% kg/m?s and AT, =5°C with t,=10
sec (a), 20sec (b) and 30 sec (c).
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Fig. 5.158 Mean bubble departure frequencies for various imposed heat fluxes for
transient subcooled flow boiling for G=400+5% kg/m”s and AT, =5°C with t,=10 sec
(@), 20sec (b) and 30 sec (c).
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Fig. 5.159 Mean bubble departure frequencies for various imposed heat fluxes for
transient subcooled flow boiling for G=400£10% kg/m?s and AT, =5°C with t,=10
sec (a), 20sec (b) and 30 sec (c).
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Fig. 5.160 Mean bubble departure frequencies for various periods of mass flux
oscillation for transient subcooled flow boiling for G=300+5% kg/m?®s and ATy, =5°C
with (a) g=6.1 W/cm? and (b) q=7.4 W/cm?.
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Fig. 5.161 Mean bubble departure frequencies for various periods of mass flux
oscillation for transient subcooled flow boiling for G=300+10% kg/m?s and AT
=5°C with (a) g=6.1 W/cm? and (b) q=7.4 W/cm?.
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Fig. 5.162 Mean bubble departure frequencies for various periods of mass flux
oscillation for transient subcooled flow boiling for G=400+5% kg/m?s and ATy, =5°C
with (a) g=7.4 W/ecm? and (b) g=8.9 W/cm?.
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Fig. 5.163 Mean bubble departure frequencies for various periods of mass flux
oscillation for transient subcooled flow boiling for G=400+10% kg/m?s and AT
=5°C with (a) q=7.4 W/cm? and (b) q=8.9 W/cm?.
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Fig. 5.164 Mean bubble departure frequencies for various amplitudes of the mass
fluxes oscillation for transient subcooled flow boiling for q=7.4 W/cm? and AT

=5°C with period=10 sec (a), 20 sec (b), and 30 sec (c).
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Fig. 5.165 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/m?s and AT, =5°C with t,=10 sec (b),
20sec (c) and 30 sec (d).
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Fig. 5.165 Continued.
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I (c) Oscillation of FC-72 Subcooled Flow Boiling- Active Nucleation
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Fig. 5.166 Mean active nucleation site densities for various imposed heat fluxes for
transient subcooled flow boiling for G=300+£10% kg/m’s and AT =5°C with t,=10
sec (a), 20sec (b) and 30 sec (c).

342



30

L L BN O A I AR
| (a) Oscillation of FC-72 Subcooled Flow Boiling- Active Nucleation
| Site Densities at AT = 5°C, G = 400 + 5% kg/m?s, period=10s
| O:g=7.5W/cm? A |
A g=8.9 W/cm? e N
20 — N N |
< | - DA
% A .y PEEON R N
- [ A - o S 7
SIS T - O - -
z O __ _ O -0
z | O _ _ O B
10 — h o —
0 [ ‘ [ ‘ L ‘ [ ‘ [ ‘ [ ‘ [ ‘ L
0 0.125 025  0.375 0.5 0.625  0.75 0.875 1
t/tp
30H\\‘H\\‘\H\‘\\H‘\\H‘H\\‘H\\‘\H\
| (b) Oscillation of FC-72 Subcooled Flow Boiling- Active Nucleation |
| Site Densities at AT, =5°C, G = 400 % 5% kg/m?s, period=20s ]
O: g=7.4 W/cm?
. 2 _A n
2 A g=8.9 Wicm = ~
o« B o0 A
% & o o O N
S N TA . ~ o -
o =~ — — —
= (CIG N AT 72 -0
g - el LEe= N
=z -~ _ s
10 — O |
0H\\\H\\\\H\\HH\HH\HH\HH\HH
0 0.125  0.25%, ~.0.375 0.5 0625 0.75 0.875 1
ttp
30 T T ‘ T T ‘ T T ‘ LN L ‘ T T ‘ T T ‘ T T ‘ T T
| (c) Oscillation of FC-72 Subcooled Flow Boiling- Active Nucleation
| Site Densities at AT = 5°C, G = 400 + 5% kg/m?s, period=30s
O: g=7.4 W/cm?
- X _ 2 A —
Az g=8.8 W/cm PRGN
— 20 — K - ~ N 1
T L - P
s A K PPN A
[T o Lo o
5T 0. K O R O)
2 T 0 _ O
10 — T O - —
0H\\\H\\\\H\\HH\HH\HH\HH\HH
0 0.125 025  0.375 0.5 0.625  0.75 0.875 1

t/tp

Fig. 5.167 Mean active nucleation site densities for various imposed heat fluxes for
transient subcooled flow boiling for G=400+5% kg/m?s and ATy, =5°C with t,=10 sec
(@), 20sec (b) and 30 sec (c).
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Fig. 5.168 Mean active nucleation site densities for various imposed heat fluxes for
transient subcooled flow boiling for G=400+10% kg/m’s and AT =5°C with t,=10
sec (a), 20sec (b) and 30 sec (c).
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Fig. 5.169 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 ATy, =5°C
with (a) g=6.1 W/cm? and (b) q=7.4 W/cm?.
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(b) Oscillation of FC=72.SubcooledFlow Boiling- Active Nucleation
Site Densities at ATgy, = 5/C, G = 300 + 10% kg/m?s, g=7.4 W/cm?
30 | O: per!odzlos
A period=20s
- - [J: period=30s
S n—— O
= - - A
2 20 — B T <
T 6 & g NS
[ - - = _ _ 7
10
OHH\HH\HH\HH\HH\HH\HH\\HF
0 0.125 0.25 0.375 0.5 0.625 0.75 0.875 1

t/tp

Fig. 5.170 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 AT
=5°C with (a) g=6.1 W/cm? and (b) q=7.4 W/cm?.
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Fig. 5.171 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 ATy, =5°C
with (a) g=7.4 W/ecm? and (b) g=8.9 W/cm?.
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Fig. 5.172 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 AT
=5°C with (a) q=7.4 W/cm? and (b) q=8.9 W/cm?.
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Fig. 5.173 Mean active nucleation site densities for various amplitudes of the mass
fluxes oscillation for transient subcooled flow boiling for q=7.4 and AT, =5°C
W/cm? with period=10 sec (a), 20 sec (b), and 30 sec (c).
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Fig. 5.174 Mean bubble departure diameters 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/m?s and AT, =10°C with t,=10 sec (b), 20sec (c) and
30 sec (d).
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Fig. 5.174 Continued.
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Fig. 5.175 Mean bubble departure diameters for various imposed heat fluxes for
transient subcooled flow boiling for G=300+10% kg/m?s and ATy, =10°C with t,=10
sec (a), 20sec (b) and 30 sec (c).
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I (c) Oscillation of FC-72 Subcooled Flow Boiling- Bubble Departure
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Fig. 5.176 Mean bubble departure diameters for various imposed heat fluxes for
transient subcooled flow boiling for G=400+5% kg/m?s and AT, =10°C with t,=10
sec (a), 20sec (b) and 30 sec (c).
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Fig. 5.177 Mean bubble departure diameters for various imposed heat fluxes for
transient subcooled flow boiling for G=400+10% kg/m?s and ATy, =10°C with t,=10
sec (a), 20sec (b) and 30 sec (c).
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" (b) Oscillation of FG-72 Subcooled Flow Boiling- Bubble Departure
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Fig. 5.178 Mean bubble departure diameters for various period of mass flux
oscillation for transient subcooled flow boiling for G=300+5% kg/m?s and AT
=10°C with (a) g=6.7 W/cm? and (b) q=8.1 W/cm?.
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Fig. 5.179 Mean bubble departure diameters for various period of mass flux
oscillation for transient subcooled flow boiling for G=300+10% kg/m?s and AT
=10°C with (a) g=6.7 W/cm? and (b) q=8.1 W/cm?.
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Fig. 5.180 Mean bubble departure diameters for various period of mass flux

oscillation for transient subcooled flow boiling for G=400+5% kg/m?s and AT
=10°C with (a) g=8.1 W/cm? and (b) q=9.5 W/cm?.
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Fig. 5.181 Mean bubble departure diameters for various period of mass flux

oscillatio

n for transient subcooled flow boiling for G=400+10% kg/m? and AT

=10°C with (a) g=8.1 W/cm? and (b) q=9.6 W/cm?.
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Fig. 5.182 Mean bubble departure diameters for various amplitudes of the mass fluxes
oscillation for transient subcooled flow boiling for q=8.1 W/cm? and AT.u, =10°C with
period=10 sec (a), 20 sec (b), and 30 sec (c).
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Fig. 5.183 Mean bubble departure frequencies 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/m?s and ATy, =10°C with t,=10 sec (b),
20sec (c) and 30 sec (d).

360



f(1/s)

f(1/s)

1500

1000

500

1500

1000

500

N

0

56 O ey
i -0 ]
[ ‘ [ ‘ [ ‘ I ‘ [ ‘ [ ‘ [ ‘ [

0 0.125 0.25 0.375 0.5 0.625 0.75 0.875
t/tp

- (c) Oscillation of FC-72 Subcooled Flow Boiling- Bubble Departure
" Frequencies at AT W= 10°C, G = 300 + 5% kg/m?s, period=20s
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Fig. 5.183 Continued.
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Fig. 5.184 Mean bubble departure frequencies for various imposed heat fluxes for
transient subcooled flow boiling for G=300+10% kg/m?s and ATy, =10°C with t,=10
sec (a), 20sec (b) and 30 sec (c).
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Fig. 5.185 Mean bubble departure frequencies for various imposed heat fluxes for
transient subcooled flow boiling for G=400+5% kg/m?s and AT, =10°C with t,=10
sec (a), 20sec (b) and 30 sec (c).
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Fig. 5.186 Mean bubble departure frequencies for various imposed heat fluxes for
transient subcooled flow boiling for G=400+10% kg/m?s and ATy, =10°C with t,=10
sec (a), 20sec (b) and 30 sec (c).
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Fig. 5.187 Mean bubble departure frequencies for various periods of mass flux
oscillation for transient subcooled flow boiling for G=300+5% kg/m?s and AT
=10°C with (a) g=6.7 W/cm? and (b) q=8.1 W/cm?.
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Fig. 5.188 Mean bubble departure frequencies for various periods of mass flux
oscillation for transient subcooled flow boiling for G=300+10% kg/m?s and AT
=10°C with (a) g=6.7 W/cm? and (b) q=8.1 W/cm?.
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Fig. 5.189 Mean bubble departure frequencies for various periods of mass flux
oscillation for transient subcooled flow boiling for G=400+5% kg/m?s and AT
=10°C with (a) g=8.1 W/cm? and (b) q=9.6 W/cm?.
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Fig. 5.190 Mean bubble departure frequencies for various periods of mass flux
oscillation for transient subcooled flow boiling for G=400+10% kg/m?s and AT
=10°C with (a) g=8.1 W/cm? and (b) q=9.6 W/cm?.
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Fig. 5.191 Mean bubble departure frequencies 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).
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Fig. 5.192 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/m?s and ATy, =10°C with t,=10 sec (b),
20sec (c) and 30 sec (d).
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Fig. 5.192 Continued.
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Fig. 5.193 Mean active nucleation site densities for various imposed heat fluxes for
transient subcooled flow boiling for G=300+10% kg/m?s and ATy, =10°C with t,=10
sec (a), 20sec (b) and 30 sec (c).
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Fig. 5.194 Mean active nucleation site densities for various imposed heat fluxes for

transient subcooled flow boiling for G=400+5% kg/m?s and AT, =10°C with t,=10

sec (a), 20sec (b) and 30 sec (c).
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Fig. 5.195 Mean active nucleation site densities for various imposed heat fluxes for
transient subcooled flow boiling for G=400+10% kg/m?s and AT, =10°C with t,=10
sec (a), 20sec (b) and 30 sec (c).
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Fig. 5.196 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 AT
=10°C with (a) g=6.7 W/cm? and (b) q=8.1 W/cm?.
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Fig. 5.197 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 AT
=10°C with (a) g=6.7 W/cm? and (b) q=8.1 W/cm?.
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Fig. 5.198 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 AT
=10°C with (a) g=8.1 W/cm? and (b) q=9.6 W/cm?.
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Fig. 5.199 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 ATy
=10°C with (a) g=8.1 W/cm? and (b) q=9.6 W/cm®.
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Fig. 5.200 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).
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Fig. 5.201 Comparison of the measured data for mean bubble departure diameter for

subcooled flow boiling of FC-72 with the proposed correlation.
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Fig. 5.202 Comparison of the measured data for mean bubble departure diameter for
transient subcooled flow boiling of FC-72 with the proposed correlation.
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Fig. 5.203 Comparison of the measured data for mean bubble departure frequency for

subcooled flow boiling of FC-72 with the proposed correlation.

382



8000 I B s O A I B B B [ —
- FC-72 Transient Subcooled Flow Boiling ]
— <: Present Data 7
— —: Proposed Correlation, eg. (5.9) -
_. 6000 —
8
CG - —
o
= L _
c
= L _
g | + 25% 8 ]
[«5]
S 4000 — 0 —
S L il
af | - 25% |
< n _
2
= I |
2000 (— ]
0 \ \ \ \ ‘ \ \ | \ ‘ \ \ \ \ ‘ \ \ \ \
0 2000 4000 6000 8000

fd /(mi/p,D;) (Proposed- Correlation)

Fig. 5.204 Comparison of the measured data for mean bubble departure frequency for
transient subcooled flow boiling of FC-72 with the proposed correlation.
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Fig. 5.205 Comparison of the measured data for mean active nucleation site density
for subcooled flow boiling of FC-72 with the proposed correlation.
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Fig. 5.206 Comparison of the measured data for mean active nucleation site density
for transient subcooled flow boiling of FC-72 with the proposed correlation.

385



160

FC-72 Subcooled Flow Boiling
O: G =300 kg/m?s, ATsy,=5°C
<1 G =400 kg/m?2s, ATgp =5°C
A G =300 kg/m2s, AT, = 10°C

2
— 1 0:G=400kg/mds, ATy, = 10°C
g —: Proposed Correlation, eq. (5.,42)
<
% _
= ] L .
S 80 ] 20 O .
o
X i O 00 i
o O a0
£ N 0 7
= L _
<
~ L _

40 — —

0 \ \ \ \ ‘ | | | \ ‘ \ \ \ \ ‘ \ \ \ \
0 40 80 120 160

g (kW/mz2, Proposed Correlation)

Fig. 5.207 Comparison of the measured data for boiling heat flux for stable subcooled

flow boiling of FC-72 with the proposed correlation.
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