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“The wiiect oI Heating Surtace Conditions on the
Nucleate Boiling Heat Transfer”

J Y. Cha, C.S. Yim, J.Y. Seo.

Abstract

The importance of surface conditions of nucleate boiling is well recognized and it has been
known that the heat transfer to boiling liquid is closely related to the bubble population
density.

The bubble population density should depend on various factors such as heat flux, surface
roughness, surface contamination, properties of liquid, etc. In this paper the effect of surf-
ace conditions on heat transfer in nucleate boiling is treated.

The experiments were carried out with distilled water boiler, on the horizontal heating
surfaces, sintered with various bronze particle, under atmospheric pressure,

In addition, experimental investigation for the polished bronze surface was performed. By
studing a coefficient Xb defined by eq. (9), which represents the bubble foaming ability of
heating surface, generalized fomula on the heat transfer in the nucleate boiling were expr-
essed.

The coefficient X, determined empirically, is not constant and indicates a major influence
of the sintered metal surfaces on the 47, necessary to sustain nucleate boiling at any given
heat flux.

In this study, the main results are obtained as follows;

(1) At low temperature difference, the coefficient X, of sintered metal surface was found
to be higher than the polished surface throughout the full range of experiments.

(2) The optimum sintered structure showing the maximum coefficient X, has been confirmed

to exist and it is encountered when particle diameter is 256 p.
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Nomenclature

A =heating surface area, m?®
Ap =bubble surface area, m?
A;; =bubble surface area at heating surface when

first formed, m

Q

=thermal diffusivity of liquid, m?/hr
=specific heat of the fluid, Kcal/kg°C
={requency of bubble formation, 1/hr

&

==mechanical equivalent of heat, 427kg-m/Kcal
=latent heat of evaporation, Kcal/kg

Vo~

=number of points of origin of bubble columns
per m? of heating surface

Q =heat-transfer rate from heating surface, K-
cal/hr

€ =heat-carried away by bubbles, Kcal/hr

Qo» =heat-transfer rate from liquid to vapor bub-
ble, Kcal/hr

R =bubble radius, m
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R; =bubble radius at heating surface when first
formed, m .

R, =bubble radius at heating surface before lea-
ving surface, m

T =fluid temperature, deg C

T, =temperature of heating surface, deg C

T, =saturation temperature, deg C

4T =temperature difference equal to 7T,-T, deg C

¢t =time variable, hr

7, =specific gravity of liquid, kg/m?

7, =specific gravity of vapor, kg/m®

o =surface tension, Kcal/m?

X, =coefficient defined by equation(9), nondim~
ensional

A =thermal conductivity of saturated liquid,

Kcal/hr.m.deg C
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Fig. 1. Schematic Diagram of Experimental Apparatus

Table 1. Metals used for experiment

No. Meterials ?;gft?:(i:glec?llilaﬁitfign T};(IESE;
B Bronze metal (Polishing (Emery 4/0 2.0
§—1 | Sintered metal 12.8 2.2
§—2 | Sintered metal 32 2.1
§—3 | Sintered metal 64 2.0
§—4 | Sintered metal 128 2.3
S—5 | Sintered metal 256 2.1
S—6 | Sintered Metal 448 2.0
§—7 | Sintered metal 769 2.8
Outlet Thermocouple

inlet

Condenser i
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Cock vdve
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hegter

Thermocouple
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