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An experimental study was conducted to investigate the water temperature
distribution and saturated boiling phenomenon in a small-scale passive
condensate cooling tank that is part of an emergency passive auxiliary feedwater
system used in nuclear power plants. During the heating process using an electric
heater inserted in the tank, the temperature of water was measured at 36 locations.
Isothermal line contours were generated based on the experimental data. The
contours indicated that the water above the heater location had a nearly uniform
temperature due to free convection flow. Conversely, a strong temperature
gradient was observed in the water below the heater location. The bubble
departure diameters at the cylindrical heater surface were measured using images
captured by a high-speed camera. The diameters were observed to be within the
range of values predicted using existing correlations.
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Fig. 2 (a) Schematics of the test section with a 670 W electric
heater, (b) picture of a frontal view of the test section
with a 350 W electric heater, (c) top view of the test
section
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Fig. 3 Change of average water temperature with time lapse
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Fig. 4 Water temperature contours by the 350 W electric heater
with time lapse
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Fig. S Water temperature contours by the 670 W electric heater
with time lapse from 36 min to 43 min 48 sec
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Fig. 6 Local water temperatures by the 670 W electric heater
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Fig. 7 Water temperature contours by the 670 W electric heater
for showing stratification disappearance with time lapse
from 126 min to 157 min
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Table 1 Bubble departure diameter correlation

Authors Correlations
1
1 -
Zuber' 2 _ {g(pl p.) |6 ] 6k (7= Tyt ] 3
&) o q//
1
1 2 1/2 o /213 4
Ruckenstein''?! B’ = lgﬂ POy 35/:/ p,) ]3 T
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YA Pry )L —p,) o
Do = [g(p,*[)v) ]/‘7 Y. pICPl(];unH_I:'m‘,)]/(pvhhr) 5

: departure diameter; g : grav1ty acceleration; & : thermal conductivity;
kg Boltzmann constant; M : molecular weight; P : pressure; Pr : Prandtl
number; ¢ ”: heat flux; T : temperature; a : thermal diffusivity; p : density;
U = viscosity; o : surface tension,
(subscript) crit : critical; / : liquid; sat :

saturation; v : vapor

Table 2 Correlations for the relation between heat flux (q") and

the wall superheat temperature (7y - Tu)
Authors Correlations
¢/ G, Mo/ lg(p = p, N}
1
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Stephan and "y 1/0.327
Adelsalam™® ¢ = 38Ty =T}
Cp : specific heat at constant pressure; 7, : latent heat of vaporization;

Prea = P/P., (subscript) W : wall
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Fig. 11 The change of bubble departure diameter with respect
to the location at the heater surface with 90.54 kW/m’
heat flux
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