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A Study on the Boiling Heat Transfer
from a Horizontal Heating Surface Facing Downward

by

Yuji TOKITA*, Nobuji KAWAE**, Tohru SHIGECHI**,
Takashi YAMADA** and Nobuhiro HOKAQ***

The boiling heat transfer from a downward-facing, horizontal heating surface to saturated or
subcooled water has been studied experimentally. The heating surface is one end of a copper cylinder
with a diameter in 20 mm, which is heated by an electric heater wound around it. Heat flux at the
heating surface may be increased up to about 1.7X10° W/m?. The system pressure was changed in the
range from 0.01 MPa to 0.3 MPa and the subcooling in the range from 0°C to 70°C. The experiments
are performed under two conditions; (1) the heating surface is kept stationary in water and (2) the
heating surface can be moved reciprocally between the vapor and the liquid at a period of 0.67 sec to
2 sec and cooled intermittently. Boiling curves are obtained for these two cases.

From the observations, it is seen that, on the downward-facing heating surface, bubbles formed
beneath the heating surface can easily coalesce and form a large blanket of vapor which prevents
primary bubbles from separating on the heating surface. In such a case, the boiling curves obtained
become discontinuous in the nucleate boiling region and, at low heat flux, they are shifted to the film
boiling region. k

The burn-out heat fluxes are lower in comparison with that for an upward-facing, horizontal

surface. The intermittent cooling due to the reciprocal motion of the heating surface and the pressures

less than atmospheric pressure may reduce the value of burn-out heat fluxes.
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Fig. 1 Schematic diagram of experimental apparatus
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(®copper block s

® insulator

®heater sensor tip
thermocouple for measuring heat flux

(® thermocouple

@heating surface of area As

@ sensor

(® supporting plate

Fig. 2
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Cross section through heater block
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Vapor blanket beneath the downward-
facing heating surface
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Fig. 5 Boiling curves for saturated water on a
downward-facing surface (0.1MPa)
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downward-facing surface (0.3MPa)
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Fig. 11 Boiling curves for saturated water on a
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Table 1 Effects of pressure, water temperature
and period of reciprocal motion on the
characteristics of boiling heat transfer
from a downward-facing heating sur-
face
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