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Abstract

This study investigates fluid flow and heat transfer mechanisms—namely
convection, conduction, and radiation—within a horizontal and inclined square
channel. The channel walls are composed of a porous material and enclose a
centrally located square insulating obstacle. A magnetic field is applied
perpendicular to the plane of the channel. The working fluid is assumed to be
incompressible, steady, and laminar, with the right wall maintained at a lower
temperature than the left wall.

The governing equations were formulated using the vorticity—stream function
approach and transformed from their differential form into algebraic equations
via the finite difference method. The temperature field was determined using the
heat conduction equation, while fluid motion was described by the momentum
equation.

The study explored the impact of key dimensionless parameters—including the
radiation parameter, Rayleigh number, Darcy number, Hartmann number, and
Prandtl number—on temperature and velocity profiles within the channel. The
influence of the channel's inclination angle was also examined.

Numerical results revealed that the presence of the porous medium significantly
influences the heat transfer process. An increase in the Rayleigh and Prandtl
numbers enhances both heat transfer and fluid flow rates, particularly at an
inclination angle of 6 = 5°. Conversely, higher values of the Darcy number,
Hartmann number, and radiation parameter tend to reduce temperature and fluid
flow rates when the channel is horizontal (6 = 0°).

At a Darcy number of Da = 0.01, increasing the inclination angle directly raises
both temperature and fluid flow rates. However, fluid velocity tends to decrease
with higher tilt angles, while temperature is only slightly affected. At a Hartmann
number of M = 0.01 and a fixed radiation parameter (Rd = 30), the temperature
distribution shows minimal variation with inclination, whereas fluid flow
decreases with increasing tilt.

Finally, for a fixed Prandtl number (Pr = 0.05) and Rayleigh number (Ra = 5),
fluid velocity within the channel decreases as the temperature rises with
increasing tilt angle.
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