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ABSTRACT

This work documents a theoretical study of hydrodynamic e'imd thermal
behavior in a porous media. This porous medium was modeled as!bundles of
parallel square rods arranged in a regular pattern inline and stagger arrangements
with infinite length in the direction perpendicular to the flow direction. The flow
was assumed laminar, incompressible, and two-dimensional. The hydrodynamic
and thermal behaviors were studied numerically due to impulsive start of flow and
it's propagation with time assuming that the square rods have constant wall

temperature.

The study was applied in two parts:- |
In the first one, the flow was assumed to be fully deveioped.
In the second one, the entrance region effect wasrtaken into cons'id%ration.

- Moreover, the numerical investigation was carried out at the following ranges:-

- Darcian Reynolds number range 0.01 < Rep < 100 for inline arrlangement
and 0.01 <Rep <25 for stagger‘arrangement.

- - The fluid phase is water and the range of the Prandtl number is 1.78 < Pr<
13.44.
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- The macroscopic flow angle “©” was varied as 0°, 15° 30° and 45°
- The media porosity, 8% < & < 84% for inline arrangement and, 60% < ¢

< 84% for stagger arrangement.

A detailed numerical algorithm was established and .a. Delphi computer
program was designed ‘in this work to solve the governing equations and give
values of the dlmensmnless variables (stream ¥ , vorticity ®" and temperature ©),
until the steady state condition is reached. The results were transformed to contour

plots to indicate the corresponding distributions inside the calculation domain.

The effect of changing the macroscopic flow angle “©”, Darcian Reynolds
number “Rep” and system porosity “g” on the dimensionless pressure drop was
investigated. Empirical equations, relating the media porosity “&” with the media

permeability “K” for both inline and stagger arrangements were extracted.

The empirical equation resulted from this work for the inline arrangement

was compared with the existing equation obtained and proved good agreement,

The average Nusselt number was calculated in case of macroscopic flow

angle © = 0° and media porosity ¢ = 60% over each individual cell of the porous

v



array until thermal equilibrium reached. Consequently, the row averaée Nusselt
number Nu was caléulated at different values of Darcian Reynolds numb]ers “Rep”.
In addition, the thermal behavior of the square rods was compared withi that if the
rods were assumed to have circular cross-section having the same|hydraulic

diameter and cell height.

An empirical exponential formula, relating the average Nusselt number Nu

with the Reynolds number based on the hydraulic diameter and average velocity

over the minimum cross-section, (Re, . ) was extracted for both inline and

stagger arrangements.
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