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Abstract-In the present paper a study on heat and mass transfer during the flow of a non-Newtonian fluid between two parallel plates in a magnetic field has been made 
and after forming the governing equations of the flow and establishing the boundary conditions according to the nature of the flow, the equations have been solved for 
velocity profile and graphical study has been done with respect to various parameters to verify the results which are very useful in metallic industries. 
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     1       INTRODUCTION                 

The flow of visco-elastic fluids through various 

channels placed in a magnetic field has got importance 
in many industries of chemical processing, food 
preservation, petroleum production, polymer 
production and electro-static precipitation. Such flows 
occur in these areas as they transfer heat and mass 
which needs a deep knowledge of MHD flow. Several 
researchers have contributed their work in this field. 
Ganesan and Palani (2013) studied the convective flow 
over an inclined plate with variable heat and mass flux. 
Nandeppanavar et al. (2008) worked on the heat transfer 
in MHD visco-elastic boundary layer over a stretching 
sheet with thermal radiation and non-uniform heat 
source. Goyal M. and Kumari K. (2013) discussed the 
heat and mass transfer in MHD oscillatory flow between 
two inclined porous plates with radiation absorption 
and chemical reaction.  
  
In the present paper, the concentration exists on non-
Newtonian fluids flowing through parallel plate channel 
placed in a magnetic field. It is assumed that channel is 
filled with porous medium and is inclined with the axis. 
Different equations are formed by inserting the 
necessary terms of various parameters as required by 
the physical nature of the problem in the standard 
equation of continuity, momentum, energy and 
diffusion. They have been solved using non-dimensional 
parameters and the derived equation between magnetic 
field and the velocity profile has been used for graphical 
study and analyzing the result. The result has been 
found consistent in physical nature of the problem. 
 
2    FORMULATION OF THE PROBLEM 

The MHD oscillatory flow of non-Newtonian fluid 
between two inclined porous plates in the presence of 
magnetic field is considered subject to thermal radiation, 
absorption and chemical reaction. Let 𝑋𝑋-axis be along the 
lower plate and straight line perpendicular to that as the 
𝑌𝑌-axis. In this present visco-elastic fluid model, a non-
Newtonian parameter has been introduced in the 
momentum equation and its study has been conducted 
with respect to transversely applied magnetic field. 
Under such assumptions the momentum equation, 
energy equation and diffusion equation which govern 
the flow field are:  

𝜕𝜕𝜕𝜕 ,

𝜕𝜕𝑡𝑡 ′
= − 1

𝜌𝜌
𝜕𝜕𝜕𝜕 ′

𝜕𝜕𝑥𝑥 ′
+ 𝑣𝑣1

𝜕𝜕2𝑢𝑢 ′

𝜕𝜕𝑦𝑦 ′2
+ 𝑣𝑣2

𝜕𝜕3𝑢𝑢 ′

𝜕𝜕𝑦𝑦 ′2𝜕𝜕𝑡𝑡 ′
− 𝑣𝑣1

𝐾𝐾′
𝑢𝑢′ − 𝜎𝜎𝑒𝑒  𝐵𝐵𝑜𝑜2𝑢𝑢 ′

(1+𝑊𝑊2)
+ 𝑔𝑔𝛽𝛽𝑇𝑇�𝑇𝑇 ′ − 𝑇𝑇𝑜𝑜 ′�𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 +

 𝑔𝑔𝛽𝛽𝑐𝑐�𝐶𝐶 ′ − 𝐶𝐶𝑜𝑜 ′�𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠                                                           (1) 

 𝜌𝜌𝐶𝐶𝑃𝑃
𝜕𝜕𝜕𝜕 ′

𝜕𝜕𝜕𝜕 ′
= 𝐾𝐾 𝜕𝜕2𝑇𝑇 ′

𝜕𝜕𝜕𝜕 ′2
− 𝜕𝜕𝜕𝜕

𝜕𝜕𝑦𝑦 ′
− 𝑄𝑄�𝑇𝑇 ′ − 𝑇𝑇𝑜𝑜 ′� + 𝑄𝑄𝑐𝑐(𝐶𝐶 ′ − 𝐶𝐶𝑜𝑜 ′)       (2) 

𝜕𝜕𝜕𝜕 ′

𝜕𝜕𝜕𝜕 ′
= 𝐷𝐷 𝜕𝜕2𝐶𝐶 ′

𝜕𝜕𝜕𝜕 ′2
− 𝐾𝐾𝑟𝑟(𝐶𝐶 ′ − 𝐶𝐶𝑜𝑜 ′)                                               (3) 

 

The boundary conditions become: 

𝑢𝑢′ = 0,𝑇𝑇 ′ = 𝑇𝑇𝑤𝑤 ′,𝐶𝐶 ′ = 𝐶𝐶𝑤𝑤 ′ 𝑎𝑎𝑎𝑎 𝑦𝑦 = 1                  

𝑢𝑢′ = 0,𝑇𝑇 ′ = 𝑇𝑇𝑜𝑜 ′,𝐶𝐶 ′ = 𝐶𝐶𝑜𝑜 ′ 𝑎𝑎𝑎𝑎 𝑦𝑦 = 0                                    (4) 

 The heat flux is given by: 

𝜕𝜕𝜕𝜕
𝜕𝜕𝑦𝑦 ′

= 4𝛼𝛼2�𝑇𝑇 ′ − 𝑇𝑇𝑜𝑜 ′�                                                           (5) 

Non-dimensional variables are: 
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𝑥𝑥 = 𝑥𝑥 ′

𝑎𝑎
,𝑦𝑦 = 𝑦𝑦 ′

𝑎𝑎
,𝑢𝑢 = 𝑢𝑢 ′

𝑈𝑈
,𝑅𝑅𝑅𝑅 = 𝑈𝑈𝑈𝑈

𝑢𝑢1
,𝜃𝜃 = �𝑇𝑇 ′−𝑇𝑇𝑜𝑜 ′�

�𝑇𝑇 ′𝑤𝑤−𝑇𝑇𝑜𝑜 ′�
,  

𝐶𝐶 = �𝐶𝐶 ′−𝐶𝐶𝑜𝑜 ′�
�𝐶𝐶 ′𝑤𝑤−𝐶𝐶𝑜𝑜 ′�

,𝐺𝐺𝐺𝐺 = 𝑔𝑔𝛽𝛽𝑐𝑐(𝐶𝐶 ′𝑤𝑤−𝐶𝐶𝑜𝑜 ′)𝑎𝑎2

𝑢𝑢1𝑈𝑈
,𝐺𝐺𝐺𝐺 = 𝑔𝑔𝛽𝛽𝑟𝑟(𝑇𝑇 ′𝑤𝑤−𝑇𝑇𝑜𝑜 ′)𝑎𝑎2

𝑢𝑢1𝑈𝑈
′  

𝑃𝑃 = 𝑎𝑎𝑃𝑃 ′

𝜌𝜌𝑢𝑢1𝑈𝑈
,𝐷𝐷𝐷𝐷 = 𝐾𝐾′

𝑎𝑎2 ,𝐻𝐻2 = 𝑎𝑎2𝜎𝜎𝑒𝑒𝐵𝐵0
2

𝜌𝜌𝑣𝑣1(1+𝑊𝑊2)
,𝑄𝑄 = 𝑄𝑄𝐶𝐶(𝐶𝐶 ′𝑤𝑤−𝐶𝐶𝑜𝑜 ′)𝑎𝑎2

𝑘𝑘�𝑇𝑇 ′𝑤𝑤−𝑇𝑇𝑜𝑜 ′�
 

𝑃𝑃𝑃𝑃 = 𝑈𝑈𝑈𝑈𝑈𝑈 𝐶𝐶𝑝𝑝
𝑘𝑘

,𝑅𝑅2 = 4𝛼𝛼2𝑎𝑎2

𝑘𝑘
, 𝑆𝑆𝑆𝑆 = 𝐷𝐷

𝑎𝑎𝑎𝑎
, 𝑆𝑆2 = 1

𝐷𝐷𝐷𝐷
, 

𝐸𝐸 = 𝑄𝑄𝑎𝑎2

𝑘𝑘
, 𝐽𝐽 = 𝐾𝐾𝜌𝜌𝑎𝑎

𝑈𝑈
                                                                (6) 

In view of above non dimensional variables, the system 
of the equation (1) – (3) reduce to the following 
dimensionless form 

𝑅𝑅𝑅𝑅 𝜕𝜕𝜕𝜕
𝜕𝜕𝜕𝜕

= −𝜕𝜕𝜕𝜕
𝜕𝜕𝜕𝜕

+ 𝜕𝜕2𝑢𝑢
𝜕𝜕𝑦𝑦2 + 𝛾𝛾 𝜕𝜕3𝑢𝑢

𝜕𝜕𝑦𝑦2 − �𝑠𝑠2 + 𝐻𝐻2

(1+𝑊𝑊2)
� 𝑢𝑢 + 𝐺𝐺𝑟𝑟1𝜃𝜃 +

𝐺𝐺𝑐𝑐1𝐶𝐶                                                                             (7) 

𝑃𝑃𝑒𝑒
𝜕𝜕𝜕𝜕
𝜕𝜕𝜕𝜕

= 𝜕𝜕2𝜃𝜃
𝜕𝜕𝑦𝑦2 + (𝑅𝑅2 − 𝐸𝐸)𝜃𝜃 + 𝑄𝑄1                                 (8) 

𝜕𝜕𝜕𝜕
𝜕𝜕𝜕𝜕

= 𝑆𝑆𝑆𝑆 𝜕𝜕2𝑐𝑐
𝜕𝜕𝑦𝑦2 − 𝐽𝐽𝐽𝐽                                   (9) 

Where 𝐺𝐺𝑟𝑟1 = 𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺 𝑎𝑎𝑎𝑎𝑎𝑎 𝐺𝐺𝑐𝑐1 = 𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺  

The corresponding boundary conditions in 
dimensionless form are: 

𝑢𝑢 = 0,𝜃𝜃 = 1,𝐶𝐶 = 1 𝑎𝑎𝑎𝑎 𝑦𝑦 = 1  

𝑢𝑢 = 0,𝜃𝜃 = 0,𝐶𝐶 = 0 𝑎𝑎𝑎𝑎 𝑦𝑦 = 0                              (10) 

2.1      SOLUTION OF THE PROBLEM 

In order to solve equations (7) – (10) for purely 
oscillatory flow, let 

− 𝜕𝜕𝜕𝜕
𝜕𝜕𝜕𝜕

= 𝜆𝜆𝑒𝑒𝑖𝑖𝑖𝑖𝑖𝑖 ,𝑢𝑢(𝑦𝑦, 𝑡𝑡) = 𝑢𝑢𝑜𝑜(𝑦𝑦)𝑒𝑒𝑖𝑖𝑖𝑖𝑖𝑖 ,𝜃𝜃(𝑦𝑦, 𝑡𝑡) = 𝜃𝜃𝑜𝑜(𝑦𝑦)𝑒𝑒𝑖𝑖𝑖𝑖𝑖𝑖 ,  
𝐶𝐶(𝑦𝑦, 𝑡𝑡) = 𝐶𝐶𝑜𝑜(𝑦𝑦)𝑒𝑒𝑖𝑖𝑖𝑖𝑖𝑖                                                         (11) 

Substituting in equation (11) into equations (7) - (10), we 
obtain 

(1 + 𝑖𝑖𝑖𝑖𝑖𝑖) 𝑑𝑑2𝑢𝑢𝑜𝑜
𝑑𝑑𝑦𝑦2 −

𝑀𝑀2
2

(1+𝑊𝑊2)
𝑢𝑢𝑜𝑜 = −𝜆𝜆 − 𝐺𝐺𝑟𝑟1𝜃𝜃0 − 𝐺𝐺𝑐𝑐1𝐶𝐶0     (12)

                                         
𝑑𝑑2𝜃𝜃𝑜𝑜
𝑑𝑑𝑦𝑦2 +𝑀𝑀1

2𝜃𝜃𝑜𝑜 + 𝑄𝑄1𝐶𝐶0 = 0                                              (13)

                         

𝑑𝑑2𝐶𝐶𝑜𝑜
𝑑𝑑𝑦𝑦2 −𝑀𝑀3

2𝐶𝐶𝑜𝑜 = 0                                                            (14) 

                                                                                                   
Where, 

𝐿𝐿2 = 1 + 𝑖𝑖𝑖𝑖𝑖𝑖 

𝑀𝑀1
2 = 𝑅𝑅2 − 𝐸𝐸 − 𝑖𝑖𝑖𝑖𝑃𝑃𝑒𝑒  

𝑀𝑀2
2 = 𝑆𝑆2 +

𝐻𝐻2

(1 + 𝑊𝑊2) + 𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 

𝑀𝑀3
2 =

𝐽𝐽 + 𝑖𝑖𝑖𝑖
𝑆𝑆𝑆𝑆

 

𝑘𝑘1 =
𝑄𝑄1

𝑀𝑀1
2 + 𝑀𝑀3

2 

The corresponding boundary conditions are: 

𝑢𝑢𝑜𝑜 = 0,𝜃𝜃𝑜𝑜 = 1,𝐶𝐶𝑜𝑜 = 1 𝑎𝑎𝑎𝑎 𝑦𝑦 = 1  

𝑢𝑢𝑜𝑜 = 0,𝜃𝜃𝑜𝑜 = 0,𝐶𝐶𝑜𝑜 = 0 𝑎𝑎𝑎𝑎 𝑦𝑦 = 0                                   (15)                                       

Solving equations (12) to (14) under the boundary 
conditions (15), we get the solution of the velocity, 
temperature and concentration distributions as follows:  

𝑢𝑢(𝑦𝑦, 𝑡𝑡) =   

⎣
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎡

𝐺𝐺𝑟𝑟1

⎩
⎪⎪
⎨

⎪⎪
⎧
� 1+𝑘𝑘1

𝑀𝑀1
2𝐿𝐿2+ 𝑀𝑀22

�1+𝑊𝑊2�

� 𝑠𝑠𝑠𝑠𝑠𝑠𝑀𝑀1𝑦𝑦
𝑠𝑠𝑠𝑠𝑠𝑠𝑀𝑀1

+ � 𝑘𝑘1

𝑀𝑀3
2𝐿𝐿2+ 𝑀𝑀22

�1+𝑊𝑊2�

� 𝑠𝑠𝑠𝑠𝑠𝑠𝑀𝑀3𝑦𝑦
𝑠𝑠𝑠𝑠𝑠𝑠𝑀𝑀3

−

� 1+𝑘𝑘1

𝑀𝑀1
2𝐿𝐿2+ 𝑀𝑀22

�1+𝑊𝑊2�

+ 𝑘𝑘1

𝑀𝑀3
2𝐿𝐿2+ 𝑀𝑀22

�1+𝑊𝑊2�

�
𝑠𝑠𝑠𝑠𝑠𝑠 𝑀𝑀2

𝐿𝐿��1+𝑊𝑊2�
𝑦𝑦

𝑠𝑠𝑠𝑠𝑠𝑠 𝑀𝑀2

𝐿𝐿��1+𝑊𝑊2� ⎭
⎪⎪
⎬

⎪⎪
⎫

+

𝐺𝐺𝑐𝑐1

𝑀𝑀3
2𝐿𝐿2− 𝑀𝑀22

�1+𝑊𝑊2�

�
𝑠𝑠𝑠𝑠𝑠𝑠ℎ 𝑀𝑀2

𝐿𝐿�(1+𝑊𝑊2)
𝑦𝑦

𝑠𝑠𝑠𝑠𝑠𝑠ℎ 𝑀𝑀2

𝐿𝐿�(1+𝑊𝑊2)

− 𝑠𝑠𝑠𝑠𝑠𝑠𝑀𝑀3𝑦𝑦
𝑠𝑠𝑠𝑠𝑠𝑠𝑀𝑀3

�

+ 𝜆𝜆
𝑀𝑀22

(1+𝑊𝑊2)

�1 − 𝑐𝑐𝑐𝑐𝑐𝑐ℎ 𝑀𝑀2

𝐿𝐿�(1+𝑊𝑊2)
𝑦𝑦��1 −

𝑠𝑠𝑠𝑠𝑠𝑠ℎ 𝑀𝑀2

𝐿𝐿�(1+𝑊𝑊2)
𝑦𝑦

𝑠𝑠𝑠𝑠𝑠𝑠ℎ 𝑀𝑀2

𝐿𝐿�(1+𝑊𝑊2)

�

⎦
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎤

𝑒𝑒𝑖𝑖𝑖𝑖𝑖𝑖   

                                                                                          (16) 

 

𝜃𝜃(𝑦𝑦, 𝑡𝑡) = ��1 + 𝑄𝑄1
𝑀𝑀1

2+𝑀𝑀3
2�

𝑠𝑠𝑠𝑠𝑠𝑠𝑀𝑀1𝑦𝑦
𝑠𝑠𝑠𝑠𝑠𝑠𝑀𝑀1

− � 𝑄𝑄1
𝑀𝑀1

2+𝑀𝑀3
2�

𝑠𝑠𝑠𝑠𝑠𝑠𝑀𝑀3𝑦𝑦
𝑠𝑠𝑠𝑠𝑠𝑠𝑀𝑀3

�  𝑒𝑒𝑖𝑖𝑖𝑖𝑖𝑖    (17) 

 

𝐶𝐶(𝑦𝑦, 𝑡𝑡) = �𝑠𝑠𝑠𝑠𝑠𝑠𝑀𝑀3𝑦𝑦
𝑠𝑠𝑠𝑠𝑠𝑠𝑀𝑀3

� 𝑒𝑒𝑖𝑖𝑖𝑖𝑖𝑖                          (18) 

 
To observe the velocity profile with respect to applied 
magnetic field, suitable values for different parameters 
are chosen to plot the curve between Hartmann Number 
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and velocity profile for different values of non-
Newtonian factors. 
 
2.3     RESULT AND DISCUSSION 
 
TABLE: Hartmann Number and Velocity 
Profile 
 

 

 
 
The graphical study indicates that the velocity increases 
in the beginning obtaining a maximum value, it starts 
decreasing for each value of non-Newtonian factor but 
somehow the velocity profile shows a resonance 
character, the curvature is highly dominated by the non-
Newtonian factor. Also the derived relation for the 
velocity has a non-Newtonian factor as an important 
component in controlling the velocity. However the 
presence of other terms cannot be ignored. The applied 
magnetic field creates a resistive force due to which the 
particle loose the velocity, the presence of trigonometric 
function bearing non-Newtonian terms put the motion 
in hyperbolic nature and for a certain value of magnetic 
field the resonance occurs. Therefore this value can be 
used in controlling the metallic flow in industries by 
applying the magnetic field. 

 
3      NOMENCLATURE 
____________________________________________________________________________________________________ 
              
               Symbol                                       Quantity 
 
                  T ′                                   Fluid temperature 

                  u′                                       Axial velocity 
                  U                                     Flow mean velocity 

                 eR                                     Reynolds number 

                 eP                                        Peclet number 

                 cS                                     Schmidt number 

                 rG                                     Grashof number 

                 cG                              Solutal Grashof number 

                 pC                  Specific heat at constant pressure 

                 1Q                     Radiation absorption parameter 

                  Β                                        Magnetic field 
                    k                                   Thermal conductivity 
                    E                                 Heat source parameter 
                    R                                   Radiation parameter 
                    H                                    Hartmann number 
                     J                          Chemical reaction parameter 
                     S                          Porous medium shape factor 

                    θ                                     Fluid temperature 
                    W                            non-Newtonian parameter 

                 wTT ,                             Walls of temperature  

             𝛼𝛼           Mean radiation absorption coefficient 
 ____________________________________________________________________________________________________ 
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