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Effect of Liquid Subcooling on Film Boiling Heat Transfer
from Finite-Size Horizontal Surfaces Facing Downward

#L No.97-1572

Takashi YAMADA, Toru SHIGECHI, Satoru MOMOKI,
Kuniyasu KANEMARU and Tomohiko YAMAGUCHI

The effect of liquid subcooling on the convective film boiling heat transfer from a finite-size
horizontal downward-facing surface was investigated both theoretically and experimentally. The
approximate solution with some simplified assumptions was obtained by solving the two-phase
boundary layer equations including the energy equation for the liquid boundary layer. The average
Nusselt number, Nuco, derived from the solution may be expressed in a simple form with the
parameters of Grashof number, density ratio, (density-viscosity) ratio, liquid Prandtl number,
dimensionless degree of wall superheating and dimensionless degree of liquid subcooling. The
theoretical results were compared in terms of a ratio of the average Nusselt number for the case of
subcooled liquid to that for the case of the saturated liquid, Nutco/ Nttco,sar, with the experimental data
obtained by Nishio ef al. under the steady-state condition and those obtained by the present authors
using a quenching methed. For the case of subcooled liquids, a correlation equation of heat transfer
was proposed to effectively correlate the experimental data obtained under both quenching and
steady-state conditions within *15 percent.

Key Words: Film Boiling, Heat Transfer, Downward-Facing Horizontal Surface, Subcooled
Liquid
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Fig.2 Vapor film distribution along the plate
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1. Heat transfer cylinder 2. Boiling bath
4. Temperature controller 5. Power controller 6. Heater
7. Glass box 8, K type thermocouple 9. K type thermocouple
10. Gas burner 11. Heating device 12, Video camera
13. Video cassette recoder 14, Digital AV mixer 15. Video monitor

3. Lifting device

Fig.4 Schematic diagram of experimental apparatus
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Fig.6 Boiling curve for subcooled water
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