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An Experimental Study on the Pressure Drop and Heat Transfer
Performance in Tubes with Three Dimensional Roughness
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Abstract

In this study, pressure drop and heat transfer coefficients were measured in tubes with
three dimensional roughness. Dimples were made by rotating the saw-tooth shaped finning
disc on the outer tube surface. Resultant dimple shape was oval. Friction and heat transfer
tests were performed with a range of roughness variables—roughness height ‘¢’, axial rough-
ness pitch ‘p’, circumferential roughness pitch ‘z’. Within the test range, tube with e=0.5mm,
z=5mm, p=3mm performed best. The efficiency ratio(rati of the heat transfer improvement
and the pressure drop increase) of the tube approached 1.0 at low Reynolds number, and it
was higher than that of the two-dimensional roughess tube of the same roughness height.
Test data were predicted by ‘discrete element method’. Results show that discrete element
method underpredicts the friction data by 2% to 32%, and overpredicts the heat transfer
data by—12% to 113%.
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Table 1 Geometric Dimensions of Tubes
with Three Dimensional Roughness
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Fig.4 Photo of a finnig disc
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Table 2. Data predicted by Discrete Element Method'"

Tube # Re f, meas f, pred f, p/f, m | Nu, meas | Nu, pred | Nu, p/Nu, m
e04z5p3 17,675 0.01074 0.00939 0.88 140 150 1.08
61,733 0.00986 0.00903 0.92 307 441 1.43
e05z3p3 17,077 0.01886 0.01320 0.70 144 190 0.76
60,762 0.01680 0.01340 0.80 249 531 2.13
e05z5p3 18,694 0.01281 0.01250 0.98 171 175 1.02
63,292 0.01200 0.01090 0.91 482 481 1.00
e05z5p5 18,542 0.01433 0.00976 0.68 178 \ 157 0.88
60,811 0.01138 0.00905 0.79 445 430 0.97
e05z5p7 18,056 0.01337 0.00907 0.68 143 144 1.00
59,598 0.01114 0.00813 0.73 292 399 1.37
e05z7p3 16,680 0.01288 0.01024 0.79 136 150 1.10
57,511 0.01071 0.09670 0.90 221 427 1.92
e06z5p3 17,308 0.01934 0.01360 0.70 175 184 1.05
55,480 0.01582 0.01330 0.84 353 474 1.35
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