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A Study on the Transient Cooling Process of a Vertical-High Temperature
Tube in an Annular Flow Channel

D.I. Jung, K.K. Kim

Abstract

In the case of boiling on high temperature wall, vapor film covers fully or parcially the
surface. This phenomenon, film boiling or transition boiling, is very importent in the surf-
ace heat treatment of metal, design of cryogenic heat exchanger and emergency ccolirg of
nuclear reactor.

Mainly supposed hydraulic-thermal accidents in nuclear rezctor are LCCA (Lcss ¢f Ceol-
ant Accident) and PCM(Power-Cooling Mismatch). Recently, world-wide studies cn reflco-
ding of high temperature rod bundles after the occurrence of the etove accidents fccus attent-
ion on wall temperature history and required time in transient cooling prccess, wall superh-
eat at rewet point, heat flux—wall superheat relationship beyond the transition boiling
region, and two-phase flow state near the surface. It is considered that the further syste-
matical study in this field will be in need in spite of the previcus results in ref. (2), (3),
@.

This paper is the study about the fast transient cooling process following the wall temp-
erature excursion under the CHF(Critical Heat Flux) condition in a forced ccnvective subc-
ooled boiling system. The test section is a vertically arranged concentric annulus of 80Cmm
long and 10 mm hydraulic diameter. The inner tube, SUS 204 of 400 mm long, 8§ mm L. D,
and 7 mm O.D., is heated uniformly by the low voltage AC power. The wall temperatare
measurements were performed at the axial distance from the inlet of the heating tube,
z=390 mm. 6 chromel-alumel thermocouples of 76 #m were press fitted to the inner surface
of the heating tube periphery. To investigate the heat transfer characteristics during the
fast transient cooling process, the outer surface (fluid side) temperature and the surface
heat flux are computed from the measured inner surface temperature history by means of
a numerical method for inverse problems of transient heat conduction. Present cooling
(boiling) curve is sufficiently compared with the previous results,
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C ; Specific heat

D ; Inside diameter of pipe

f s Weighting factor

g ; Gravity acceleration

H ; Latent heat

%k 3 Thermal conductivity

L ; Length

P; ;s =bi/(agi—ciPiiy)

Qi 3 =di—ciQi)/(@i—ciPi_y)
g  Heat flux

T ; Temperature

t 5 Time

x ; Distance

a ; Heat transter coefficient
¢ ; Density

% 3 Viscosity

a

; surface tension

Subscript
0
1
¢

; Time ¢

5 Time ¢+ 4t
3 Critical

fg ; Evaporation
g ;Gas
i 3 i-—node

1 3 Liquid

s ; Saturation
w 5 Wall
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1. Main pump 2. Flowmeter
5. Liquid-vapor seperator

9. Recorder

3. Control heater
6. Condenser
10. Excess temperature trip

4. Test section

7. Storage Tank 8. Filter and dryer
11. Voltage regulator

Fig.2-1 Schematic diagram of experimental apparatus.
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Fig.2-2 Detailed diagram of test section and TC
position.
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Fig.2-3 Assembly of deflon plug for thermo-
couples.
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Fig.3-1 Nodal points and control volumes for the one dimensional situation,
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(6= 261 kg/m?s,aTgyp = 10 K )

Fig.4-1 Measured results of inside wall temperature during the CHF and rapid-cooling process.
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