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The Effect of Tube Orientation on Pool Boiling Heat Transfer
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Abstract

In order to clarify the effect of tube orientation on pool boiling heat transfer, the experiments were
carried out for the saturated pool boiling of water at atmospheric pressure. Through the tests a series
of data sets for heat flux versus wall superheat has been obtained using various combinations of tube
diameters (D=9.7~25.4mm), surface roughness ( ¢ =15.1~60.9nm), and tube orientations (horizontal and
vertical). The experimental results show that the slope of heat flux versus wall superheat becomes
smaller than that of the horizontal tube as the surface roughness decreases from &=60.9 to £=15.1
nm. Such that, two curves for the horizontal and vertical tubes cross each other in accordance with

surface roughness and the crossing point can be suggested as ¢’ =—4.768+ 1,334+ 0,055&° .
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(a) Overall arrangement (b) Water storage tank and heated tube
Fig. 1 Schematic diagram of the experimental apparatus
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Table 1 Values of tube surface roughness
measured by PMI
Test section rms Surface roughness, nm
(sand paper) | Circumferential Axial Average
# 800 70.3 51.5 60.9
# 2000 30,6 21.8 26.2
# 3000 17.2 13.0 15.1

Table 2 Test sections and test matrix

Heated Tube Number of
Tube D 3 L
Orientation (mm) (nm) (mm) Data
Horizontal 19.05 60.9 530.5 373
Vertical 19.05 60.9 530.5 131
Horizontal 19.05 26.2 530.5 121
Vertical 19.05 26.2 530.5 147
Horizontal 19,05 15.1 530.5 85
Vertical 19.05 15.1 530.5 121
Horizontal 9.7 60.9 300.0 90
Vertical 9.7 60.9 300.0 76
Horizontal 9.7 151 300.0 63
Vertical 9.7 15.1 300.0 87
Horizontal 14.0 60.9 300.0 116
Vertical 14.0 60.9 300.0 121
Horizontal 254 60.9 3000 148
Vertical 25.4 60.9 300.0 123
Horizontal 254 15.1 300.0 20
Vertical 25.4 15.1 300.0 84
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Fig. 3 Heat flux versus tube wall superheat to verify reproducibility of the experimental data.
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Fig. 4 Effect of water type (boiled tap water and distilled water) on pool boiling heat transfer.
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