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Combined Forced and Natural Convection Heat Transfer
for Upward Flow in a Uniformly Heated Vertical Pipe

Hiroaki TANAKA, Shunichi HATANO, and Shigeo MARUYAMA

For predicting the fully developed upward flow in a uniformly heated vertical pipe by taking
account of the buoyancy force, the £-& models of turbulence for low Reynolds number flows were
adopted. The regime map for forced, mixed and natural convections as well as for laminar and
turbulent flows was plotted from the numerical calculations. At the same time, an experiment was
carried out at Reynolds numbers of 3 000 and 5 000 with the Grashof number varied over a wide range
by using pressurized nitrogen gas as a test fluid. In agreement with the prediction, buoyancy-induced
impairment of heat transfer was measured right in the mixed convection region. Further, from
hot-wire measurement, complete laminarization was demonstrated in the mixed convection region at

a Reynolds number of 3 000.

Key Words: Convective Heat Transfer, Pipe Flow, Mixed Convection, Aiding Flow, Uniformly
Heated, Turbulence, £-& Model, Wall Temperature Measurement
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