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1.Introduction: 
 

  Because of its wide variety of applications in nuclear engineering and industry, heat and mass 

transfer in boundary layer flow has gotten a lot of attention in recent years. These research' findings are 

utilized in modeling and simulation. Thermal and concentration boundary layers develop when a fluid 

of a particular temperature and concentration flows across a surface of a different temperature and 

concentration. 

The behavior of non-Newtonian fluids in permeable media differs depending on the model used. The 

flow between parallel plates under the effect of the transverse magnetic field and heat transfer was 

examined by Nigamf and Singhj [11]. Raptis et al. [13] investigated hydro-magnetic free convection 

flow between two parallel plates in a porous medium. For the unstable flow of a thin fluid in, Hamza et 

al [4] addressed the impacts of the sliding state, as well as the transverse magnetic field and radiative 

heat transfer. Hussain et al. [5] suggested using a stretching cylinder with Newtonian heating to 

Authors Names 
a.  Dheia G. Salih Al-Khafajy 

b.  Wedyan A .Muhi Al-Kaabi 
 
 

Article History 

Received on:25/6/2021 
Revised on:20/7/2021 
Accepted on: 25/7/2021 

Keywords: 

Prandtl-Eyring fluid, 
               , the 
concentration, Grashof 
number  

 

ABSTRACT 

 
      The aim of this research is to study the effect of heat transfer on the 
oscillating flow of the hydrodynamics magnetizing Prandtl-Eyring fluid 
through a porous medium under the influence of temperature and 
concentration for two types of engineering conditions "Poiseuille flow 
and Couette flow". We used the perturbation method to obtain a clear 
formula for fluid motion. The results obtained are illustrated by graphs. 
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analyze the MHD flow of Prandtl-Eyring fluid. Lqaa and Dheia [9] investigated the effect of Heat 

Transfer MHD Oscillatory Flow for an Eyring-Powell Fluid with Variable Viscosity through a Porous 

Medium. Lqaa and Dheia [2] published Influence of Heat Transfer on MHD Oscillatory Flow for 

Eyring-Powell Fluid via a Porous Medium with Varying Temperature and Concentration. The goal of 

this study is to look at how heat transfer affects the oscillating flow of a magnetizing Prandtl-Eyring 

fluid through a porous material under the impact of temperature and concentration under two different 

engineering conditions: Poiseuille flow and Couette flow. See [3], [7], [12], [14], [15], [16]. Some 

studies have been conducted in the study of Prandtl-Eyring fluid, which is a non-Newtonian fluid, 

where the flow of this fluid has been studied in different conditions, different channels and at different 

times for several researchers, including [1], [6], [8], [10], [17]. 

Stimulated by this, assume a mathematical model for analyzing the effect of electrical 

conductivity on the oscillatory flow for Prandtl-Eyring fluid through the porous channel, in addition to 

studying the effect of fluid flow on its temperature. 

2.Mathematical Formulation:  

As shown in Figure 1, a Prandtl-Eyring fluid passes through an h-width channel under the 

effect of an electrically generated magnetic field and nuclear heat transfer. The fluid is thought to 

produce very little electromagnetic force and to have low electrical conductivity. In a Cartesian 

coordinate system, ( (   )    )  is a velocity vector in which u represents the x-component of 

velocity and y is perpendicular to the x-axis. . 
 

Figure 1 Channel format : (a) Poiseuille flow  and (b) Couette flow. 

 

3.Basic Equations: 

The basic equations that control the Pradtl-Eyring fluid are as follows: 

The equation for continuity is: 

  ̅

  ̅
 
  ̅

  ̅
                                                                                                                                          (1) 

The momentum equations are: 

In the   – direction: 

𝑈0  

a b 
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The temperature equation is given by:    

   .
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 +   (   0)                                          (4) 

The concentration equation is given by: 

  

  ̅
  

   

  ̅ 
   

 (   0)  
    

  

   

  ̅ 
 .                                                                                         (5) 

where   ( (   )    ) is the velocity field,  (   ) is a fluid temperature,  0 is a magnetic field 

strength,   is a fluid density,   is a conductivity of the fluid, k is a permeability,    is a specific heat at 

constant pressure,    is a thermal conductivity,   is a radioactive heat flux,    is heat generation,   is 

the concentration,   is the coefficient of mass diffusivity, (      ) is the angle between velocity 

field and magnetic field strength and     is the thermal diffusion ratio. The corresponding boundary 

conditions are given below: 

   0     0      ̅                          ̅                                                          (6)  

The radioactive heat flux is given by:    
  

  
    ( 0   )                                                                                                                           (7) 

The radiation absorption denoted by  . 

The fundamental equation for Prandtl - Eyring fluid is given as: 

    ̅                                                                                                                                    ( 8) 

  
 

  ̇
      .
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/    ,  ̇  √

 

 
   ( )  ,      ̅  (  ̅)                                                  (9) 

   ̅  [

      
      
      

]   ,    (  ̅)  [

      
      
      

]  The Rivlin-Ericksen tensors are given as 

    ̅  (  ̅) , where (  ̅) is the velocity field in the cartesian coordinates system (     ) and 

(  ̅)  is the transpose of the velocity field.  

The stress component is given by:     
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And        ̅ (      ̅)    ̅̅ ̅
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.                                                                                                         (11)                                                   

4. Method of Solution:  

We can introduce non-dimensional circumstances to the governing equations of motion as 

follows:  
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where   is the mean flow velocity. 

With                  and                 .   

  implies that 
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Substituting equation (12) into equations (1) - (7) and (10), we have the following of non- dimensional 

equations will by gained as follows; 
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where        ( ) 

   
   

  
 is a Reynolds number,    

 

  
 is a Darcy number,   √

   
   

  
 is a magnetic parameter, 

   
     

  
 is a Peclet number,   √

     

  
 is the radiation parameter,    

       

   
   is a Grashof 
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number,    
    

  
 is a Prandtl number,    

  

     
 is an Eckert number, 

   
    

 

 
                                    Brinkman number, 

   
   (     )

    (     )
                   ,   

     
 (     )

   
   is solutal Grashof number,     

   
 

 
                                ,   

  
   

   

  
    ( )     

  

 
 is the Schmidt number, and 

.  
 

   
   

   

     
/ are the dimensionless Prandtl-Eyring fluid parameters. 

The temperature equation and the concentration equation both include boundary conditions    

{
     0   0      0   0        
      0          0                

}                                          

  

5.Solution of the problem: 

5.1.Solution of the temperature equation  

To solve the heat equation (17) with associative boundary conditions  ( )     ( )   . Let 

 (   )   0( ) 
    and by substituting into equation (17), after simplifying the result, we obtain 

    

   
 (         ) 0                                                                                                    (19) 

Therefore, the temperature function is :  

 (   )     ( )     (  )                                                                                                        (20)  

where    √          

5.2. Solution of the concentration equation; 

 To solve the concentration equation (18) with boundary conditions:  

 ( )       ( )     Let  (   )   0( ) 
    . Substituting equations (18) after simplifying the 

result, we obtain 

  

    

   
   (     ) 0        

    

   
                                                                    (21) 

Therefore, the concentration equation function is :  

 (   )  

       ( √  [
 √     (         )

(     √ )(   )
]    √  [ 

 √     (         )

(     √ )(   )
]  

             ,√ -   ,√  -

   
) .                                                                                                 

(22) 

Where     (     ),     
        . 

5.3.Solution of the momentum equation 
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There are two forms of flow in this section: Poiseuille flow and Couette flow. 
 

A.Poiseuille flow 

 By above assumption (no-slip) condition the boundary conditions are  ̅         ̅     . From 

equations (16) the non-dimensional boundary conditions are  ( )   ( )   .  

From equation (3), we have 
  

  
  , so the pressure   depends on   only. Set   be an oscillation of 

frequency, and let 

 

 
  

  
       ,  (   )   0( ) 

                                                                          (23)

                            

where   is a real constant. 

  By Substituting equations (23) by equation (16), we have         
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/  0( )                                                                                                                          (24) 

With boundary condition  0( )   0( )        

   The equation (24) is a nonlinear differential equation and it is hard to find an exact solution, so will 

use the perturbation technique to find the solution of the equation, as follows:   

 0   00     0   ( 
 )  .                                                                                                         (25) 

    By substituting equation (25) into equation (24), with boundary conditions  0( )   0( )   , then 

equating the like powers of  , we obtain the following results presented in the forthcoming 

subsections: 

  - Zeros-order system (  )  

     

   
 
.       
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/   
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 (           )

√  
 .                                                                                 (26)  

The boundary criteria are as follows:  00( )   00( )     

   – First - order system (  ) 

   
     

   
 
.       

  
( )

  
/    
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.
     

   
/                                                              (27) 

 The associated boundary conditions are:  0 ( )   0 ( )     

From the solution of equations (26) and (27), and the resulting substitution in equation (25) after 

substitution in equation (24), we obtain the solution of the equation of motion in the case of Poiseuille 

flow 
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As a result, the momentum equation solution for the 
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Where    
.       

  
( )

  
/

√  
 , H = 

 (           )

√  
 

B.Couette flow 

The only change between this portion of the equation (24) and the preceding part is the boundary 

condition, which becomes  0( )     0( )   0 
    . In Couette flow, we perform the same thing 

we did in Poiseuille flow. In the Couette flow, The solution has been calculated by the perturbation 

technique and the results have been discussed through graphs 

6.Results and Discussion: 
 

On the basis of some observations made during the graphics illustrations, the impact of fluid 

parameters on velocity and temperature in the MHD oscillatory flow of Prandtl-Eyring fluid through a 

porous medium for Poiseuille flow and Couette flow in order to have a clearer description of the 

physiological matter. 

The (MATHEMATICA-12) program was used to collect the statistical solutions and graphs. 

The momentum equation is solved using the perturbation technique, and all of the results are graphed 

in area      , which is the diameter of the flow channel. 

1. Figures (4-17)show the velocity profile. Each figure is divided into two halves, with (a) representing 

Poiseuille flow and (b) representing Couette flow, respectively. Each of these forms will be explained 

in terms of the two geometric types of flow states. The velocity profile u decreases as t increases, as 

seen in Figure 2. The velocity profile u rises as Gc increases, as seen in Figure 3. Figure 4 illustrates 

that as the parameters M are increased, the velocity profiles u decrease. Figure 5 illustrates that as the 

parameters Sc are increased, the velocity profiles u decrease. Figure 6 illustrates that as the 

parameters Sr are increased, the velocity profiles u decrease. The velocity profile u rises as N 

increases, as seen in Figure 7. Figure 8 demonstrates how the impact of Pe on velocity profiles u 

diminishes. The velocity profile u rises as Gr increases, as seen in Figure 9. The velocity profile u 

rises with the increasing   as seen in Figure 10 The velocity profile u rises as Da increases, as seen in 

Figure 11. Figure 12 demonstrates how the impact of F on velocity profiles u diminishes. Figure 13 

illustrates that when the parameters are reduced, the velocity profiles u rise.   . The impact on the 

velocity profiles function u vs. y is seen in Figure 14. It has been discovered that raising the velocity 

profiles of function   increase. 1. The velocity profiles u rise when the parameters are increased, as 

seen in Figure 15 Q. As seen in Figure 16, velocity profiles decrease as the parameters rise. The 

velocity profiles decrease as the parameters rise, as seen in Figure 17. Figures (2- 17) illustrate the 
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velocity profile of a (b) Couette flow (b). It is noticed that increasing each of the parameters ,      

        ,   , and   increases the velocity profile u, whilst increasing t M,                , and  . 

Because the upper wall of the channel moves at a constant velocity (U 0=0.3), the fluid flow velocity 

in Couette flow is greater than that of Poiseuille flow. This is why the highest value of the fluid 

velocity in Poiseuille flow is in the middle of the flow channel, while the highest value of the speed in 

Couette flow is at the upper wall. 

2. Figures (18-21) illustrate the temperature profile. Figure 18 indicates that as Q increases, the 

temperature rises. As seen in Figure 19, the temperature drops as rises. The temperature rises as N 

increases, as seen in Figure 20. In Figure 21, we can observe that as Pe grows, the temperature 

lowers. 

3. Figures 22 depict the focused profile 28. The concentration profile decreases with increasing Q, 

as seen in figure 22. Figure 23 illustrates that when the value of drops, so does the concentration 

profile. The concentration profile rises with increasing Pe, as seen in Figure 24. It can be seen in 

Figure 25 that as N increases, the concentration profile diminishes. It can be seen in Figure 26 

that when Sr increases, the concentration profile diminishes. The impact of Sc on the 

concentration profile may be seen in figure 27 by the increasing Sc, then decreasing Sc. The 

concentration profile diminishes as Kr increases, as seen in Figure 28. 

 

      
Figure 2  Velocity profile with different values   *               + for (a) Poiseuille flow and (b) 

Couette flow,  with                                                
           

 

 
                          0     . 

     
Figure 3 Velocity profile with different values    *           + for (a) Poiseuille flow and (b)      

Couette flow,  with                                                 
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Figure 4 Velocity profile with different values   *             + for (a) Poiseuille flow and (b) 

Couette flow, with                                                    
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Figure 5 Velocity profile with different values   *               + for (a) Poiseuille flow and (b) 

Couette flow, with                                                 
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Figure 6 Velocity profile with different values   *               + for (a) Poiseuille flow and (b) 

Couette flow, with                                                 
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Figure 7 Velocity profile with different values  *               +  for (a) Poiseuille flow and (b) 

Couette flow, with            
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 Figure 8 Velocity profile with different values   *       +for (a) Poiseuille flow and (b) Couette 

flow, with                                                           
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Figure 9 Velocity profile with different values   *             +for (a) Poiseuille flow and (b) 

Couette flow, with                                                 
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Figuer 10 Velocity profile with different value   *                 +for (a) Poiseuille flow and (b) 

Couette flow, with                                                     
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Figure 11 Velocity profile with different value    *             +for (a) Poiseuille flow and (b) 

Couette flow, with                                                 
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Figure 12 Velocity profile with different value   *               + for (a) Poiseuille flow and (b) 

Couette flow, with                                                      
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Figure 13 Velocity profile with different value    *           +  for (a) Poiseuille flow and (b) 

Couette flow, with                                                 
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Figure 14 Velocity profile with different value   *               +  for (a) Poiseuille flow and (b) 

Couette flow, with                                                    
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Figure 15 Velocity profile with different value   *       +  for (a) Poiseuille flow and (b) Couette 

flow, with                                                        
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Figure 16 Velocity profile with different value    *             + for (a) Poiseuille flow and (b) 

Couette flow, with                                                
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Figure 17 Velocity profile with different value   {

 

 
 
 

 
 
 

 
 
 

 
} for (a) Poiseuille flow and (b) Couette 
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Figure 19 Influence 
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Figure 18 Influence 
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Figure 21 Influence of 
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Figure 20 Influence 
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Figure 23 Influence  of   𝜔  on  

concentration for 𝑄    𝑅  
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Figure 22 Influence  of  𝑄  on  
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Figure 25 Influence  of     on  
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Figure 28 Influence  of K   on  concentration for                  = 2,           

           K           
 

 

7. Conclusion: 

The effect of heat transfer on Prandtl-Eyring fluid MHD oscillatory flow through 

a porous medium with changing temperature and concentration is discussed. We 

discovered the velocity, temperature, and concentration using the perturbation approach. 

The findings of relevant parameters, such as the Darcy number and the radiation 

parameter, are calculated using various values, Magnetic parameter, Soret number, 
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the terminology used include Prandtl-Eyring fluid parameters, heat generation 

parameter, Soret number, oscillation frequency, and Reynold number..  

 The velocity of two forms of flow, Poiseuille and Couette, rises when the 

parameters  ,   ,   ,  , Da,   and   increase, whereas the velocity decreases 

with the parameters  ,    ,   ,   ,         and   increase. 

 Increases in N and Q raise the temperature, whereas increases in and Pe lower it. 

 With an increase in   , the concentration rises. With the rise of all parameters,  , 

 ,  ,   ,   ,    and t, the concentration falls. 
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