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Effect of Buoyancy on Laminar Forced Convection
Heat Transfer in a Horizontal Tube

Toru SHIGECHI*, Nobuji KAWAE*, Kuniyvasu KANEMARU**
and Takashi YAMADA*

An analysis of the effect of buoyancy on a laminar forced convection heat transfer in a horizontal

tube is presented. The heating condition is a uniform heat flux at the tube wall along the tube and

around the circumference. The fluid flow is assumed to be hydrodynamically and thermally fully

developed and the resulting partial differential equations are solved by the perturbation method.

The velocity, temperature and average Nusselt numbers obtained from the perturbation method are

compared with available experimental data.

The comparison shows that the analytical perturbation solution, where the terms are taken up to a

second order approximation, should be modified to satisfactorily represent the behaviors of velocity

‘and temperature data.

The modified solutions for the velocity, temperature and average Nusselt numbers are also present-

ed.
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line : modified 2nd order perturbation)
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+96.45) 7%+ (631.25Pr +26.75) n° — (181.25Pr 4 54.25) * — (13.4345Pr + 36.946) 7°}cos2¢ — 9.42 X
-10’9F(—0.00001247/18+0.0004967/”—0.00866877“+0.05067/12*0.1255277f°+0.11667778+0.075521776
—0.242237"40.133159%)cos2 ¢ +0.181 X 10~ I"*{(0:000000185Pr +0.0000000185) 7'* —(0.000010334 Pr
+0.000001476)7**+(0.0001744Pr+0.0000271) 7" —(0.001612Pr+0.00031) »'*+(0.01085Pr
+0.002658) 7'°—(0.1042Pr+0.02849) 7° 4 (0.4036 Pr+0.1117) °— (0.626 Pr+0.174) 7* +(0.3172Pr

+0.08842) %} cos2¢]

(33)

Nu/Nuo = 1.0+ (4573096 X 10-*Pr?+1.28746 X 10~"Pr +3.6605 % 10712) (34)
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