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Abstract. A model of heat transfer in a channel of porous walls under the influence of
a vertical electromotive force (EMF) with natural convection and thermal radiation of
a dissipative fluid is discussed in the channel plane. Using the finite difference method,
the partial differential equations that govern the issue have been formulated and solved.
Where, using successive iterations of the above method on the equations that are in
the time-dependent form, we were able to reach the required solution to the problem.
Besides, the temperature distribution behaviour inside the channel was noticed, and the
effect of the thermal behaviour of Rayleigh number, Brinkman number, Prandt] num-
ber, Eckert number and Hartmann number was also studied. By creating a computer
program using MATLAB, we solved the system.

Keywords: transfer of heat, porous medium, Brinkman number, Eckert number,
Hartmann number, Prandtl number.

1. Introduction

The study of fluid flow in a porous wall channel is very interesting since it has
a wide range of implementation, and this is because these flows have many en-
gineering and geophysical applications that include geothermal resources, blood
flow inside human bodies, building insulation, oil extraction, heat salt leaching
in soils, lymph transport flow system , urinary circulatory system [1]. A analysis
of some previous work in this field is provided below.

In enclosures with localized heating natural convection was studied from
below the creeping flow to the onset of laminar instability (see [2]).

*. Corresponding author
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The convection in a rotating cylindrical annulus under the influence of its
symbol MF only mention in [3]. They examined the effect MFs radial and
azimuthal components on the convection columns in the fluid-filled gap between
two cylinders rotating stiffly numerical around their shared vertical axis, cooling
the inner cylinder, heating the outer one so that the centrifugal force provides
the buoyancy force driving the convection.

The effects of radiative in magneto fluid-dynamic channel flow demonstrate
ref. [4], he has expanded plane Hartmann flow to account for thermally radia-
tive effects with variable absorption coefficient and non-uniform temperature of
channel walls. In addition, several dimensions of stability have been reviewed.

While uses a 2-dimensional Galerkin formulation of the 3-dimensional
Oberbeck-Boussinesq equations to evaluate the convection beginning in an infi-
nite rigid horizontal channel that has a uniformly lower heat source [5]. In order
to include convection patterns, they expanded the previous findings to higher
truncation levels.

In a fluid layer with a lower heat source, the thermal convection issue is
introduced [6] and numerically resolved when the layer has high vertical MF
parameters. The stability of 2-dimensional convection rolls is studied by using
various values of the Hartmann number within the area (200-400).

The convection inside a rotating cylindrical annulus, by a system that con-
tains three coupled amplitude equations, is investigated [7]. They described
many features to a good approximation, and show that the time integrations
based on the Galerkin expansion display transitions to chaotic convection at a
high number of Rayleigh.

The fully defined free convection problem of two fluid magneto hydrodynamic
(MHD) flow in a slanted channel is addressed, its observed that the flow can
be effectively dominated by adequate adjustment of the values for the heights,
electrical conductivity, and viscosity ratios of two fluids [8].

In [9] studied linear stability to obtain the numerical solution of a multi-layer
system consisting of the onset of finger convection in a fluid layer overlying a
porous layer using the spectral Chebyshev polynomial process.

In [10] the investigation of combined effects of a transverse magnetic field
and irradiative heat transfer on the unsteady flow of a conducting optically thin
fluid through a channel filled with the saturated porous medium the temper-
ature of a non-uniform wall, his results showed that increasing magnetic field
intensity reduce wall shear stress while increasing radiation parameter through
heat absorption causes an increase in the magnetic of wall shear stress.

In [11] proposed a solution to the magneto hydrodynamic(MHD) problem
analytically free convection flow of an electrically conducting fluid between two
heated parallel plates in the existence of an induced MF. It has been noted
that the skin-friction increases first then gradually decreases with the increase
of Hartmann number at y=1.
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The impacts of radiation on (MHD) flow of Maxwell fluid in a channel with a
porous medium by employing the homotopy analysis method (HAM) discussed
[12].

In [13] investigated the 2-dimensional steady flow of electrically conducting
incompressible power-law fluid past an infinite porous flat plate subjected to
suction or blowing, they are also analyzed the heat transfer flow in the case
when the plate is held at a fixed temperature. In the same year, the homotopy
analysis method (HAM) is applied to obtain the analytic solution of partial
differential equations. Numerical results and graphical representation strongly
reconfirm the efficiency of the proposed scheme [14].

In [15] addressed the stability analysis in the glass cavity, and this analysis
was achieved by finding the self-values for the system that could or could not
be determined by the growth of the disturbance after making linear equations.

In [16] Studied the approximated solutions for heat transfer over a porous
plate and steady MHD mixed convection boundary layer flow in the existence
of the thermal and velocity stumble, they found the MF impact on a viscous
incompressible fluid increase the fluid velocity by reducing the drag on the flow
that causes a decrease in the temperature fluid.

In [17] Presented the mass transfer impact, viscous suction parameter, and
dissipative on the 2-dimensional steady hydro magnetic viscous fluid flow be-
tween two parallel plates in the presence of thermal radiation and we find that
velocity, temperature, and concentration decrease with the increase of variable
suction parameter and Reynolds number as well as the relation between the
different quality physicals.

In [18] Presented a Crank-Nicolson finite difference method to solve the time-
fractional 2-dimensional sub-diffusion equation in the case where the Grunwald-
Letnikov definition is used for the time-fractional derivative. The stability and
convergence of the proposed Crank-Nicolson scheme are also analyzed as well
as the numerical examples are presented to test that the numerical scheme is
accurate and feasible. In the same year, The modified implicit finite difference
approximation of the stability and convergence of the proposed scheme is ana-
lyzed [19]. Its founded that show that the scheme is unconditionally stable and
the approximate solution converges to the exact solution.

Numerical Solution the motion, heat transfer, and diffusion of the equation
in the Porous medium with the presence of Radiation and magnetic field (MF)
was studied [20]. It has been found that the parameters have a major effect on
the Solution of these Equations. The goal of this research is to study the flow of
fluids in a cross-section under the influence of the electromagnetic field(EMF)
and to solve the partial differential equations that regulate the problem using
the method of (ADI). In addition to showing the behaviour of temperatures
inside the cross-section and the effect of physical quantities.
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2. Statement of issue

After applying a continuous (EMF) to the fluid, we can research the flow of
an electrically conductive fluid inside a segment of a horizontal channel so that
the fluid transforms into a magnetized fluid. Assume that the temperature
of the horizontal and vertical walls is expressed by 7,7, and 75, > 7.. The
distance between the lower and upper walls is expressed by H and the cross-
section length is represented by L. The y — axis is defined by reprinted vertical
projected electromagnetic field (EMF) and a magnetic fluid(MF) is created after
the electromagnetic field (EMF) is shed that flows to the z —azis and an (EMF)
is produced in the direction of the z — axis that is small enough to be ignored
as shown in Figure 1:
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Figure 1: Physical Model and System of Coordinates.
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dv]? L [ov 2

Ox oyl |-
We differentiate the equation (2) for y and the equation (3) for = in order to get
the general motion equation, and then subtract the two equations, we get:
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where v, v are the velocity components in z,y respectively, t is the time and
7, P, p,0,FEy, 80,82, 11, 9, 8, Cp, @, ¢z, gy temperature, pressure, density, kinematic
viscosity, Electric field vector, The magnetic field vector is in the direction of x
and y, viscosity, gravitational acceleration, thermal expansion coefficient, spe-
cific heat at constant pressure, thermal diffusivity, radiation components in x, y
respectively. With the boundary conditions below:

T [ZL‘, (y =0, H)] =Tcs Th

(6) % =0,z =0,L
’U[(:U:OaL)vy] :l/[(iL':O,L),y] =0,
U[xa(y:()?H)] :V[.Z‘,(y:O,H)]:O.

3. Non-dimensional form

We need to add the following non-dimensional quantities to solve the governing
equations (1), (4) and (5) with the boundary conditions (6) [24].

L
u = vov*, v=uwv, vy=+gBATL, t=—t",

Vo

T —T, S =
< = 1l0Q.

(7) r = Lz*, y = Ly*, Y=

9
Th — Te

When these quantities are substituted into equations (1), (4) and (5), the gov-
erning equations become:
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But v* = %\5: and v* = —g‘i’: stream function [23], then the equation of
. . d 2 _ P o4 2 [P o2

general motion becomes: —zmVAU* = — [ 2EVIUT — (Hy)* /[ £2V 0" Put

e* = —v2U*, and then:

Oe* Pr 2 % 2 PT *
1 = [t (H)? e,
(10) oy RV (Ha) R.C

o ov ov 1 FB8gR. _ =
11 * f— = v — Y
(11) o Vor "V oy JBR. PR
FS ov* 2 ov* 2
2
TP, <(8x*) +<8y*)

and that is about it V.Q = 16w*0 — 12w* [4], equation (11) then becomes:

o9 . oY v 1, FBR.
12 * « OV V20 — 1660 — 12w") + ¢,
12) e Ve TV e T U R P (10w W)+ ¢

Let ¢ = \/% <(gg: )2 + (gZ:)z) physical quantities, and I = g—g, E. = %,
*3

_ pgB(th—Tc) L3 _ hpv* _ _ pv e _
R, = PPCTL R = MU Wt = agh, By = 20, Py = U2, Fy = PEL,

H, =8yL %, are Inductance, Eckert number, Rayleigh number, Reynolds num-

ber, Bouger number, Boltzmann number, Prandtl number, Brinkman number,
and Hartmann number respectively. The non-dimensional boundary condition
becomes:

9 = 0,1.0 at y*=0,1,

09 x
(13) F = 0 at 2t =0,1,
vt = v*=0.0 at y =0,1.

4. Solution process

To solve the system of equations (8), (10) and (12) with the boundary conditions
(13), we use the ADI finite difference method [22], and achieve this we have to
start with the last equation(12), heat equation and finally equation(10), motion
equation as follows:

4.1 Equation of heat

* L. * _ *
U7 ;= Dijn L Vim0 Pijrin — Vij—1n

) + V*

FsBoR. L 05— 200+ 00
14 = — 16 *19 . _ 12 *\ ) »J 5J
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Yijain — 205 + Vi j—1m
* (B )? s
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L. _ * * _ * . .
Vijm+1 — 97 . Ui U « Yijyins1 =V, —1,n+1
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Under boundary conditions,
(16) Yion = 0,9 nn = 1.0.

Equations (14) and (15) can be reduced in order to give,
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4.2 Equation of motion
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Equations (19) and (20) can be reduced in order to give,
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Followed,
(23) Ag(1)€ij-1n+1 + Ba(i)eijnt1 + Ca(i)ei j+1,n+1 = Da(i)

where

. At P,
A4(/L) - (2(A$*)2 ]%a> )
2

. At P, , At P\ .,
Ca(i) = — (W -Ra> ;D (i) = (W Ra> €i-1,j

+ 1_i & * +L &*
222\ R, | ©9 T 2(Azr2 Y R,

The coefficients v*, v* are treated as constants during any one time-step of the
calculation [4], each of the equations (heat, motion) producing a tridiagonal
system that is solved by the Gauss elimination process, all details are given in
reference no. [18].

5. Results and data

In this section, we present some of the results obtained from the calculation
carried out, and these results have been expressed by figures to explain how the
solution for various cases becomes, as well as the effects of different parameters
as follows figures:

6. Conclusions

In this work, we have used the ADI method in the solution of the governing
equations completely without reducing or modifying, and from the results ob-
tained we conclude that the steady-state can be reached after some iterations
for all equations and this is clear from the figures given in the previous section,
and the most important thing that has been achieved is the ADI method:

1. The higher the time stage, the further away from stability, as seen in the
two Figures 2, 10.

2. The temperature within the boundary layer increases as the Brinkman
number Fiincreases. This is shown in Figure 4.

3. The temperature within the boundary layer decreases as the Boltzmann
number 83y increases.This is shown in Figure 5.
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4. The temperature within the boundary layer increases as the amount of
Reynolds number R, increases. This is shown in Figure 6.

5. Figures 7, 12 shows that the effect of Rayleigh number R, is constant in
energy equation and motion, the higher the number of Rayleigh, the closer
to equilibrium.

6. The effect of Prandtl number P, on the equation energy was different from
its effect on the equation of motion, as the more in the energy equation
the further we moved away from stability, while we approached stability
in the equation of motion by increasing the number as shown in Figures
8, 11.

7. The increase in Eckert number E. is balanced by an increase in stability
as shown in Fig. 9.

8. By reducing the Hartman number H,, he offsets his stability convergence
as shown in Fig.(13).
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