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Abstract 
     In this paper, we built a mathematical model for convection and thermal radiation 

heat transfer of fluid flowing through a vertical channel with porous medium under 

effects of horizontal magnetic field (MF) at the channel. This model represents a 2-

dimensional system of non-linear partial differential equations. Then, we solved this 

system numerically by finite difference methods using Alternating Direction 

Implicit (ADI) Scheme in two phases (steady state and unsteady state). Moreover, 

we found the distribution and behaviour of the heat temperature inside the channel 

and studied the effects of Brinkman number, Reynolds number, and Boltzmann 

number on the heat temperature behaviour. We solved the system by building a 

computer program using MATLAB. 

 

Keywords: Heat transfer, Porous medium, Brinkman number, Pouger number, 

Boltzmann number, Reynolds number. 

 

العددي لمعادلة الطاقة في القنوات المسامية جحث جأثير مجال الإشعاعالحل   
 

3اتحمود دة, عاب2 البيرقدار أسامة, 1علاء حمودات   

العخاق نيظؽى، الطؽصل،جامعة  الصخفة،التخبية لمعمؽم كمية  الخياضيات،قدػ 1  
العخاقإقميػ كخدستان،  45كؽيهكؽيه،  جامعة والصحة، كمية العمؽملخياضيات، قدػ ا2  

العخاق نيظؽى،الطؽصل، جامعة العمؽم، كمية لفيدياء، قدػ ا3  
 

 الخلاصة
لقج تػ تؽظيف هحا البحث لبظاء نطؽذج رياضياتي لانتقال الحخارة بالحطل الحخاري والاشعاع الحخاري لطائع      

,والحي يطثل ( عطؽدي عمى مدتؽى القظاة MFيجخي في قظاة مدامية أفقية  وتحت تأثيخ مجال مغظاطيدي)
نعاما مؼ الطعادلات التفاضمية الجدئية غيخ الخطية في بعجيؼ. ومؼ ثػ معالجة الطعادلات التفاضمية الظاتجة 

 (Alternative Direction Implicit Method)(ADI) خيقة الضطظية للاتجاهات الطتعاقبةباستخجام الط
(، اذ تػ steady stateالحالة اللازمظية )و  (unsteady stateوفي كلا الحالتيؼ الطعتطجة عمى الدمؼ )

 Brinkmanايجاد تؽزيع وسمؽك درجات الحخارة داخل القظاة، ثػ دراسة تأثيخ كل مؼ عجد بخيظكطان )
number( وعجد ريظؽلجز )Reynolds number( بالاضافة الى عجد بؽلتدمان )Boltzmann 
number)  في سمؽك درجات الحخارة وذلغ عؼ طخيق بخنامج( حاسؽبي باستخجام لغةMATLAB.) 
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1. Introduction 

     Fluid is a substance that cannot resist a shear force or stress without moving. Fluid flow 

may be classified in different manners, such as turbulent, laminar, real, ideal, steady, unsteady, 

uniform, compressible, incompressible, etc. [1]. 

     The heat transfer in electrically conducting fluid in circulatory and channels pipes, subject 

to the effects of magnetic transverse fields, is conducted in magneto hydrodynamics (MHD), 

flow meters, and pumps, and have applications in filtration, nuclear reactors, geothermal 

systems, and others. 

     The natural convection in enclosures with localized heating from below creeping flow to 

the onset of laminar instability was studied [2]. 

     The stability of convection in a container of arbitrary shape when heated from below was 

also investigated [3]. The authors analyzed the stability of two forms of convection, one with 

the top flow and the other with the down flow, in a bounded domain and a layer with only one 

stable form and mentioned the chaotic conditions. 

     Another work investigated the convection in a rotating cylindrical annulus under the effect 

of MF [4]. The authors investigated the effects of radial and azimuthal components of MF on 

the convection columns in a fluid filled gap between two cylinders rotating rigidly about their 

common vertical axis numerically; the inner cylinder is cooled and the outer one is heated, 

such that the buoyancy force driving the convection is provided by the centrifugal force.  

    The effects of radiation in a magneto fluid-dynamic channel flow was shown [5]. The plane 

Hartmann flow was extended to account for thermally radiative effects with variable 

absorption coefficient and non-uniform temperature of channel walls. Furthermore, some 

aspects of stability were examined. 

    The convection beginning in an infinite rigid horizontal channel that has uniformly lower 

heat source was determined by using a 2-dimensional Galerkin formulation of the 3-

dimensional Oberbeck-Boussinesq equations. The authors extended the previous results to the 

higher truncation levels to involve patterns of convection.  

      The thermal convection problem in a fluid layer with a lower heat source was introduced 

[7] and solved numerically when strong vertical MF parameter the layer. When the values of 

Hartmann number between  (200-400), the stability of the 2-dimensional convection rolls was 

studied. 

      The convection inside a rotating cylindrical annulus was investigated by using a system 

that contains three coupled amplitude equations [8]. The authors described many features of a 

good approximation and showed that the time integrations based on the Galerkin expansion 

display transitions to chaotic convection at a high Rayleigh number. 

      The fully developed free convection problem of two fluid MHD flow in a slanted channel 

were discussed [9]. It was observed that the flow could be dominated effectively by the 

appropriate adjustment of the values of height ratio, electrical conductivity, and viscosity of 

the two fluids. 

       Another study proposed a solution to the magnetohydrodynamic (MHD) problem by the 

analytically free convection flow of an electrically conducting fluid between two heated 

parallel plates in the presence of an induced MF [10]. It was noted that the skin-friction 

increases first, then gradually decreases with the increase of Hartmann number to y=1. 

      The effects of heat and slip transfer on the peristaltic flow of a 3th fluid in an inclined 

asymmetric channel were reported [11]. In the same year, the impacts of radiation on MHD 

flow of Maxwell fluid in a channel with a porous medium were examined by employing the 

homotopy analysis method (HAM) [12].  

        The 2-dimensional steady flow of electrically conducting incompressible power-low 

fluid passing an infinite porous flat plate subjected to suction or blowing was investigated 

[13]. The authors also analyzed the heat transfer flow in the case when the plate is held at a 
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fixed temperature. In the same year, HAM was applied to obtain an analytical solution of 

partial differential equations. Numerical results and graphical representation strongly 

reconfirmed the efficiency of the proposed scheme [14]. 

       Another work [15] studied the approximated solutions for heat transfer over a porous 

plate and steady MHD mixed convection boundary layer flow in the presence of thermal and 

velocity. The MF impact on a viscous incompressible fluid was found to increase the fluid 

velocity by reducing the drag on the flow, which causes a decrease in the temperature of the 

fluid. 

        An earlier investigation [16] presented the impacts of mass transfer, viscous suction, and 

dissipation on the flow of 2-dimensional steady hydromagnetic viscous fluid between two 

parallel plates in the presence of thermal radiation. The authors found that velocity, 

temperature, and concentration decrease with the increase of suction and Reynolds number. 

They also reported associations among different physical properties. In this work, the solution 

of the equation of heat transfer in a porous channel with the presences of MF and radiation 

was investigated. It was found that the parameters of Brinkmann number (Fs), Reynolds 

number (Re), and Boltzmann number(    )have significant effects on the equation solution. 

      Another study [17] 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 were also analysed and the numerical examples were 

presented to test whether the numerical scheme is accurate and feasible. In the same year, the 

modified implicit finite-difference approximation for the stability and convergence of the 

proposed scheme were analysed [18]. It was found that the scheme is unconditionally stable 

and the approximate solution converges to the exact solution. 

      The numerical solutions of the equations of motion, heat transfer, and diffusion in a 

porous medium with the presences of  radiation and MF were studied [19]. It was found that 

the parameters of   ,  ,    and    have significant impacts on the  solutions of these 

equations. The aim of this article is to study the numerical solution to the problem of 

convection and radiation heat transfer of a fluid in a porous channel under the influence of 

magnetic field (MF) using the alternative direction implicit method (ADI). We found that the 

parameters of               had significant effects through increasing and decreasing the 

fluid temperature within the channel. 

2. Conservation Equation 

              In the present study, the steady laminar flow of fluid between parallel horizontal 

walls, distanced 2h apart, is considered. The velocities     are zero at edges, while    and  

   represent the temperature of the lower and upper plates, respectively. 

 

           The governing equation is:  
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 where           are the values of velocity in x and y,                    temperature, density, 

permeability, and specific heat, and           are radiation values in x and y directions, 

respectively. 
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with the following boundary conditions: 
         
       

}             

                                                                                                                             (   )  
3. Non-dimensional Energy Equation 

          To solve the governing equation (2.1) with the boundary conditions (2.2), we need to 

introduce the following non-dimensional quantities [5, 20]: 
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By substituting these quantities into equation (2.1), the governing equation becomes: 
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But    ⃗⃗           [5]; therefore, multiplying equation (3.2) by  
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  are Eckert number, Reynolds number, Bouger number, Boltzmann number, 

Specific heat ratio, Prandtel number, Brinkman number, and the new physical quantities, 

respectively. The non-dimensional boundary conditions become: 
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4. Solution of Heat Equation 

          In this section, we derive a new second-order ADI method for the numerical solution of 

the parabolic equations (3.3)-(3.4).   

4.1: On X-direction 

         Using the central difference formula we have: 
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In addition, suppose that                   , then by substituting the equations 

(4.1.1)-(4.1.6) in equation (3.3), we obtain: 

 *
    

        

     
 

      
        

 

    
      
  

                 

    
      
 +

 
      

       
        

 

(   ) 
   

  
                         

(   ) 
                

  

Moreover, this implies that: 

 *
    

        

     
+  

      
       

        
 

(   ) 
 

                         

(   ) 
   

 

   *
      

        
 

    
      
  

                 

    
      
 +              

                               (     )  
  

By multiplying equation (4.1.7) by 
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 By multiplying (4.1.11) by 
  

 
 
, we obtain: 
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Equation (4.1.13) can be reduced to give: 
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From equation (4.1.13), a tri-diagonal system can be created, which is solved numerically 

using the Gauss elimination method and using MATLAB at the time-step       [21]. 

4.2: On Y-direction 

     Using the formulas of the central differences, we have: 
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Equation (4.2.14) can be reduced to give: 
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From equation (4.2.14), we create a tri-diagonal system which is solved numerically using the 

Gauss elimination method and using MATLAB at the time-step     [21].      

With boundary conditions: 
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5. Results and Discussion 

     The numerical computations were performed using the described alternative direction 

implicit method on the energy equation to study the effects of physical parameter values that 

appear  in this equation, such as Brinkman parameter    , Reynolds  parameter   , and 

Boltzmann  parameter      as shown in Figures 1-4. 

     In Figure 1, the xy plane represents the location of points on the lattice, that is, the 

coordinates of the point in the t-matrix resulting from the numerical solution of the energy 

equation, while the third dimension z represents the temperature values  at those points. It is  

noticed that the increase in    causes an increase in temperature inside the boundary layer, as 

shown in Figure 2. From Figure 3, we observe that the increase in    causes an increase in 

temperature inside the boundary layer. Finally, we found that the decrease in    causes an 

increase in temperature inside the boundary layer, as shown in Figure 4. 
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Figure 1- Temperature Behaviour 

 

 
Figure 2- The effects of Brinkman Number    at two selected points with             
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Figure 3- The effects of Reynolds Number    at two selected points with            =15 

 

 
Figure 4- The effects of Boltzmann Number    at two selected points with             
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