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ABSTRACT

A theoretical study for a three-dimensional natural convection heat transfer from an isothermal
horizontal , vertical and inclined heated square flat plates (with and without circular hole) has been
done in the present work. The study involved the numerical solution of the transient Navier-Stokes
and energy equations by using finite deference method (F.D.M.). The complete Navier-Stokes
equation are transformed and expressed in terms of vorticity-vector potential. The Energy and
Vorticity equations were solved by using an Alternating Direction Implicit (ADI) method because
they are transient equations of parabolic portion, and the Vector potential is solved by using an
equations Successive Over-Relaxation (S.0.R) method because it is from elliptic portion. The
numerical solution is capable of calculating the Vector potential, three components of Vorticity and
temperature field of the calculation domain. The numerical results were obtained in rang of Grashof
number (103§Gr§5x104) with Prandtl number of (0.72) for square flat plate and the other consist a
circle hole with ratio 0.6 and 0.8 diameter of the hole to main square side length.

The numerical results showed that the main process of heat transfer is conduction for Grashof
number less than 10° and convection for Grashof number larger than 10° and the results of local
Nusselt number show fairly large dependence on inclination angle. For horizontal plate facing upward
and downward, average Nusselt number is proportional to one-fifth power of Rayleigh number, and
there is a significant difference in heat transfer rates between the upward and downward cases. For
horizontal plate with circle hole facing upward for Grashof number 10%, the effect of core portion
caused a limited increment in the heat transfer rate, where as for the facing downward case, the effect
was larger and the maximum value of heat transfer rates is be for square flat plate with circle hole by
ratio 0.6 for all inclination angles. With the increase of Grashof number to 5x104 heat transfer rates
decrease except the square horizontal flat plate with circle hole by ratio 0.6 .

The average Nusselt number increases with the increase of inclination of plates facing upward
to reach to the higher average Nusselt number at vertical position then decrease with increase of
inclination of plates. And the maximum value of average Nusselt number is depended on the ratio of
diameter of the hole to main square side length, showed that the maximum temperature gradient
occurs at the external edge of the horizontal plate (with and without circle hole) facing upward and at
the lower external edge in inclined case. The numerical results was made through comparison with a
previous numerical and experimental work, the agreement was good.
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I. M.Fayed Numerical Study for A three Dimensional Laminar Natural
Y.Hameed Convection Heat Transfer From an Isothermal Heated
Horizontal and Inclined Square plate and with A circular Hole
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