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Heat Transfer Characteristics of the Thermal Entrance Region

inside a rectangular Duct. ( 2nd report : Flow and heat trans-
fer characteristics of mixed convection due to asymmetric heat-
ing through bottom or side wall.)
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Abstract

In this paper, an attempt has been made to present basic informations concerning the buoyancy effect
on both of the flow and heat transfer characteristics of the thermal entrance region for a laminar free-
forced mixed convection flow inside an asymmetrically heated rectangular duct with a uniform heat flux
throughout its bottom or side wall, while the other walls are kept adiabatic. Water with minute chemical
compounds was used as a working fluid.

A modified electro-chemical visualization method was applied with thymol-blue as a pH-indicator and
platinum wires of 0.025 mm diameter as electrodes.

It was found that, due to the effect of buoyancy, laminar flow changes into three identified regions :
build-up (slightly affected), waving and turbulent. The turbulent region length extends towards the test
section entrance as Grashof number increases or Reynolds number decreases. Wall temperature fluctua-
tions were recorded along the third region length. Heat transfer promotion due to the buoyant forces
effects was found of the same order of magnitude for both bottom and side heating cases, where Nusselt
number increases to about 3 times of the corresponding classical forced convection value.

The present results were intended to be useful for solar field design purposes, especially when consi-
dering the solarenergy stored in the field soil as a booster source,

Key Words Heat transfer, Solar water desalination plants, Laminar flow, Free-forced combined
convection, Asymmetric heating, Thermal entrance region, Flow visualization, pH-
indicator, Flow stability, Solar fields.
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