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Abstract: An exact analysis of a radiative hydromagnetic flow behavior over a parabolic plate through 

a permeable medium along with variable species concentration and fluid temperature in the presence of 

a slated magnetic field parameter, chemical reaction, soret effect, radiation, and heat generation has 

been carried out closed-form analytical benchmark solutions for flow governing equations are obtained 

by using Laplace transform method. The effects of the parameters entering the problem on the flow and 

transport characteristics are studied graphically. It is observed that the velocity decreases with the 

increase of magnetic parameter, whereas it increases with the increasing value of Soret number, thermal 

Grashof number, and solutal Grashof number. Also, the magnitude of skin friction increases with 

accelerating parameters. 
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Nomenclature 

q   fluid velocity vector;        fluid density,
3

kg

m
; 

   kinematic viscosity,

2m

s
;   J   current density vector; 

B   magnetic flux density vector;  g   acceleration vector due to gravity; 

   thermal conductivity, 
.

W

m K
 ;  p   fluid pressure; 

K  chemical reaction;    w   dimensional velocity field; 

ow   reference velocity;    b   accelerating parameter; 

b   dimensional accelerating parameter;      *a   heat absorption; 

*   Stefan-Boltzmann constant;   MD   mass diffusivity,

2m

s
 ; 

TD   thermal diffusivity, 

2

.

m kmol

K s
 ;  T    fluid temperature, K; 

C   molar species concentration, 
3

kmol

m
 ; u   dimensional fluid velocity; 
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t    time;     SC    species concentration at the plate; 

rq   radiative heat flux;    
pC   specific heat at constant pressure, 

Joule

kg K
  

   electrical conductivity, 
( )

1

.ohm m
 ;  E   electrical field; 

  , coefficient of thermal expression, 
1

k
 ; *   coefficient of solutal expansion, 

1

kmol
 ; 

Q   heat source;     Q  dimensional heat source;                    

                  

 K  chemical reaction;                oB   strength of the applied magnetic field, Tesla; 

   inclination angle of the plate;                          pk    dimensional permeability; 

T
   undisturbed temperature, K;         angle of inclination of magnetic field;   

pk   permeability;        C
   free stream species concentration,  kmol/m3;        

w   plate velocity;
                                      ST    fluid temperature at the plate; 

N   radiation parameter;                                coefficient of viscosity, 
kg

ms
 ; 

   dimensionless temperature;                        dimensionless concentration; 

Pr  Prandtl number;    Sc Schmidt number; 

Sr  Soret number;                 Gr thermal Grashof number; 

Gm solutal Grashof number;         M  magnetic parameter;
 
 

1. Introduction 

MHD, also known as Magneto-Fluid Dynamics, is concerned with studying the 

interaction of magnetic fields and electrically conducting fluids in motion in the presence of 

the magnetic field. Numerous examples of applying MHD principles are found in our natural 

life systems. Dynamo and motor are considered to be classic examples of the MHD principle. 

Applications of MHD principles are widely seen in the case of fusion reactors, the design of 

MHD pumps, MHD generators, MHD flow meters, etc. The principles of MHD are also 

utilized in medical and biological sciences. Alfven [1], Shercliff [2], Cowling [3], Ferraro and 

Plumpton [4], and Crammer and Pai [5] are some notable authors whose contributions lead 

MHD to the present form. 

A material containing voids or pore spaces, free of solid, embedded in the solid or semi-

solid matrix is a porous material. Its permeability mainly characterizes it to a variety of fluids. 

That is, fluids can penetrate through one face of a material sample and emerge on the other 

side. Therefore, the porous material is encountered everywhere in day-to-day activities in 

nature and technology. Many different technologies, such as hydrology and petroleum 

engineering, depend on porous material. Due to this reason, fluid flows in porous media have 

gained the great attention of many scholars. A model for boundary conditions of a porous 

material under the issues of viscous fluid flow past a porous solid has been investigated by 

Taylor [6] and Richardson [7]. Moreover, the following researchers, Chen et al. [8], Chavent 

and Jaffri [9], Endalew and Sarkar [10], and Ahmed and Bordoloi [11], are widely devoted to 

the investigations of transport through porous media. 
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When heat and mass transfer coincide in a moving fluid, the relations connecting the 

fluxes and driving potentials are more intricate. It is seen that a mass flux can be generated not 

only by composition gradient but by temperature gradient as well. The effect concerned with 

the mass flux under temperature gradient is the Soret effect. Renowned Chemist Charles Soret 

first performed the experimental investigation of this effect in 1879, and so this effect is known 

as the Soret effect in honor of his name. The Soret effect is concerned with separating heavier 

gas molecules from lighter ones by ramped temperature gradient over a given volume of a gas 

containing particles of different manners. The Soret effect is also termed the thermal diffusion 

effect. Roughly speaking, the thermal diffusion effect deals with the mass flux resulting from 

the temperature difference. A comprehensive literature on various aspects of thermal diffusion 

on different kinds of mass transfer-related problems can be found in Eckert and Drake [12], 

Kafousias and Williams [13], Nandi and Kumbhakar [14], Ahmed and Sarma [15], Kalyan and 

Ahmed [16], Singh et al. [17], Illias et al. [18], and Ahmed et al. [19]. Recently Ahmed [20] 

has obtained an exact solution to the problem of MHD-free convective mass transfer flow of 

an incompressible viscous electrically conducting non-gray optically thin fluid past an 

impulsively started semi-infinite vertical plate with ramped wall temperature in the presence 

of thermal radiation, thermal diffusion, and under the imposition of a uniform transverse 

magnetic field. 

None of the studies mentioned above incorporate radiation, which can play a vital role 

in industrial and space technology applications. Physically speaking, thermal radiation is an 

energy emission as subatomic particles in motion, especially particles with a high amount of 

energy that can cause ionization. The infrared radiation emitted by a typical household radiator 

or electric heater can be considered a typical thermal radiation example. Analytical 

investigation of the effects of thermal radiation parameters on time-dependent hydromagnetic 

flow over an inclined linearly moving plate through a permeable medium has been discussed 

by Endalew and Nayak [21]. The influence of thermal radiation parameters on a non-

Newtonian fluid flow through a porous medium was investigated by Sobamowo et al. [22]. 

An inclined magnetic field is an additional consideration of equivalent utility, 

particularly for industrial applications and biological examinations. The variation of the 

inclination angle of this magnetic field is between 0 and 90 degrees. The influence of an 

inclined magnetic field on time-dependent hydromagnetic flow over an inclined oscillatory 

plate and linearly accelerating plate is discussed by Endalew et al. [23] and Endalew and Nayak 

[24]. An inclined magnetic field on the time-dependent squeezing flow between parallel plates 

with suction/injection is discussed by Su and Yin [25]. 

MHD flow problems dealing with the motion caused by suddenly starting infinitely 

long vertical plates with parabolic (non-linear) velocity have been studied by many researchers 

due to their possible applications in astrophysics, geophysics, missile technology, etc. Some of 

them are Muthucumarswamy and Sivakumar [26], Rajaiah et al. [27], and Agarwalla and 

Ahmed [28]. Most recently, Endalewand and Sarkar [29] performed an exact analysis of the 

problem, which deals with incidences of a tilted magnetic field on a transit radiative 

hydromagnetic flow over a slanted parabolic accelerated plate through a porous material with 

the occurrence of the chemical reaction and heat-generating parameter. 

The study of the effect of chemical reactions on heat and mass transfer in a flow is of 

great practical importance to Engineers and Scientists because of its almost universal 

occurrence in many branches of science and technology. Heat and mass transfer occur 

simultaneously in many processes, such as drying, energy transfer in a wet cooling tower, and 
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flow in a desert cooler. Possible applications of these types of flow problems are found in many 

industries. Many researchers have studied the effect of chemical reactions on different 

convective heat and mass transfer flows, of whom Ramakrishna et al. [30], Devi et al. [31], 

Hazarika and Ahmed [32], Gurram et al. [33], Megaraju and Shekar [34], Choudhury et al. 

[35], and Shera et al. [36], are worth mentioning. Reddy and Reddy [37] investigated the 

problem dealing with the effects of viscous dissipation on free convection MHD flow through 

a porous medium across an exponentially stretching surface in the presence of a chemical 

reaction. Usharani and Selvaraj [38] investigated the influence of an MHD stream passing 

through an exponentially inclined vertical plate of first-order chemical reaction with variable 

mass diffusion and thermal radiation.  

As per the author's knowledge, no attempt has been made to date to investigate the 

problem of free convective MHD flow of a viscous incompressible electrically conducting non-

Gray optically thick chemically reactive and radiating fluid past an impulsively started semi-

infinite vertical plate with parabolic plate velocity, temperature, and concentration in the 

presence of thermal radiation taking into account the thermal diffusion effect. However, such 

an attempt has been made in the present work. 

2. Materials and Methods 

2.1. Basic equations. 

Equation of continuity: 

. 0q =          (1) 

Magnetic field continuity equation: 

. 0B =          (2) 

Ohm's law for moving conductor: 

( )J E q B= +          (3) 

MHD momentum equation with buoyancy force: 

( ) 2.
p

q q
q q p J B g q

t k


  
 

+  = − +  + +  − 
 

   (4) 

Energy equation: 

( ) ( )2. .P r

T
C q T T q Q T T

t
  

 
   +  =  − + −  

   (5) 

Species continuity equation: 

( ) ( )2 2. M T

C
q C D C K C C D T

t



     +  =  − − + 


   (6) 

Equation of state according to classical Boussinesq approximation: 
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( ) ( )*1 T T C C     
    = + − + −       (7) 

All the physical quantities are defined in the Nomenclature. 

2.2. Mathematical formulation. 

Consider the one-dimensional unsteady hydromagnetic flow of electrically conducting, 

incompressible, heat-generating, as well as chemically reacting fluid over an inclined parabolic 

accelerated plate within the porous medium. A rectangular Cartesian Co-ordinate system is so 

chosen that x  and y  -axes to be in vertical and horizontal directions. A constant magnetic 

field oB  is applied at an arbitrary angle   with the x  axis so that the magnetic field vector 

influencing the flow is given ( cos , sin , 0)o oB B B = . In addition, the plate is supposed to 

be slanted by an arbitrary angle   . At the initial time, ( )0t =  the plate is stationary. However 

0t   , the plate starts to move in its own plane parabolically with velocity ( )2

ow w b t =  . In 

Figure 1, the geometry of the problem is clearly demonstrated. In order to make the 

mathematical model idealized, the present theoretical investigation is carried out under the 

following assumptions: 

I. All the fluid properties, excluding the density in the buoyancy force term, are 

constants. 

II. The Magnetic Reynolds number is too small to ignore the induced magnetic field. 

III. Viscous and Ohmic dissipations of energy are negligible. 

IV. No external electric field is applied to the system. 

V. The plate is an electrical insulator. 

VI. Both inclinations are supposed to be in the vertical direction. 

VII. Levels of both temperature and concentration are changed linearly with time. 

 
Figure 1. Physical configuration. 

The above assumption leads to the governing equations of motion in terms of mass 

continuity, momentum, energy, and species continuity, which are as follows: 

0
w

x


=


            (8) 
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( ) ( ) ( ) ( )
2 22

2

sin
cos * coso

p

Bw w
w g C C g T T

t ky

  
    


 

  
   = − + + − + − 

     

   (9) 

( )
2

2

r
P

qT T
C Q T T

t y y
  

  
  = − + + −

    
                  (10) 

( )
2 2

2 2M T

C C T
D D K C C

t y y


    
  = + − −

    
                  (11) 

Subject to initial and boundary conditions 

( )
( ) ( )

( ) ( )

2

2

2

0 : 0, ,

0 : ,

,

, 0,

0, , .

o

S o

S o

t w C C T T for all y

t w w b t

T T T T w t

C C C C w t at y

w C C T T at y





 

 

 

 

      = = = 


   = 


    − = − 


     − = − = 
     → → → →


                  (12) 

Here, considered an optically thin gray gas, then we have (England and Emery [39]) 

the following mathematical expression: 

( )4 44 * *rq
a T T

y
 


 = − −


                    (13) 

Noting the fact that | |T T
 −  is very small, 4T   may be expanded as follows 

( ) ( ) 
44 3 44 3T T T T T T T T T T     

         = − + = + − = −                  (14) 

By using Equations (13) and (14), in (10) we have 

( ) ( )
2

3

2
16 * *P

T T
C a T T T Q T T

t y
     

  
     = − − + −

  
                (15) 

Now, to make the mathematical model of the problem normalized, the following group 

of non-dimensional quantities is introduced 

( )

( )

( )

( )

2

3

2

3 4

2 2

2 2 2

3

2 2

, , , ,

*
, , ,Pr

, , , ,

16 * *
, , ,

So o

o o

S P

So o

p o o

p

S o o

T S

M SP o P o

g T Ty w t w w
y t u Gr

w w

g C C T T Cb
Gm b

T Tw w

k w BC C K
k K M

C C w w

D T Ta T Q
N Q Sc Sr

D C CC w C w

 

 

  




 


 

   

 



 











  − 
= = = =

 −   −
= = = =

 −

  −
= = = =

 −

 − 
= = = =

 −














               (16) 
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So, Equations (9), (11), and (15) are transformed into the non-dimensional form are as 

follows: 

( ) ( )
2

2

2

1
sin cos cos

P

u u
M u Gr Gm

t ky
     

  
= − + + + 

   
               (17) 

2

2
Pr ( Pr)N Q

t y

 


 
= − −

 
                    (18) 

2 2

2 2

1
Sr K

t Sc y y

  


  
= + −

  
                    (19) 

The initial and boundary conditions in the non-dimensional form are 

2

0 : 0, 0, 0

0 : , , , 0

0, 0, 0

t u for all y

t u bt t t at y

u as y

 

 

 

= = = = 


 = = = = 
→ → → → 

                  (20) 

2.3 Method of solution. 

On taking Laplace Transforms of Equations (17)-(19) and condition (20), the combined 

initial and the boundary value problem gets reduced to a pure boundary value problem 

governed by the following linear ordinary differential equations: 

2

2
( ) cos cos 0

d u
s u Gr Gm

dy
    − + + + =                  (21) 

( )
2

2
Pr 0

d
s

dy


 − + =                     (22) 

( )
2 2

2 2
0

d d
Sc K s Sc Sr

dy dy

 
− + + =                    (23) 

where 2 1
sin

p

M
k

 = +   and PrN Q = −   

Subject to the conditions: 

3 2 2

1 1
, , 0

0, 0, 0

b
u at y

s s s

u as y

 

 


= = = = 


→ → → →

                   (24) 

The equations (21) - (23) are solved subject to the condition (24) and the solutions are 

as follows: 

Pr

2

y se

s




− +

=                       (25) 
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( )
( )

( )

Pr

12 2

1

1
y Sc s k y s

y Sc s K e e
e

s s s



 


− + − +
− +

 −
= +  

−  

                 (26) 

( )

( )

( )

( )

( )( ) ( )( )

Pr

2 33 2 2

2 3

Pr

5 62 2

1 3 1 2

y Sc s Ky s y s y s
y s

y Sc s K y s y s y s

b e e e e
u e

s s s s s

e e e e

s s s s s s

  


  

 
 

 
   

− +− + − + − +
− +

− + − + − + − +

  − −
= + + +  

− −     

   − −
+   

− − − −     

              (27) 

where, 1
Pr

ScK

Sc




−
=

−
 , 2

1 Pr

 


−
=

−
 , 3

1

ScK

Sc




−
=

−
  

( )

( )1

Pr

Pr

ScSr s

Sc




+
=

−
 , 

( )2

cos

1 Pr

Gr 
 =

−
 , 

( )3

cos

1

Gc

Sc


 =

−
 , 

( )4

cos

1 Pr

Gc 
 =

−
 , 5 1 3  =  , 6 1 4  =   

Taking inverse Laplace Transforms of the solutions (25) – (27), the expressions for 

non-dimensional temperature   , concentration   , and velocity field u are  in the following 

forms: 

Pr, , ,
Pr

f y t



 

=  
 

                     (28) 

( )

( )

( )

( )

1

1 12

1

1

1

2

1

1
, , , Pr, , ,

Pr

1
, , , , , , Pr, , ,

Pr

1
, , , Pr, , ,

Pr

te Sc K y t y t

f Sc K y t f Sc K y t f y t

Sc K y t y t

 
   




 




 



   
+ − + −   

   
   
 = + − −  

   
 

   −      

            (29) 
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( ) ( ) ( )

( ) ( ) ( )

( ) ( )

2

3

1 2 12 2 13 2

2 12 2 2 3 14

3 15 2 3 14 3

, , Pr, , , , , Pr, , , , ,
Pr Pr

Pr, , , , , , , , , ,
Pr

, , , , , ,

t

t

u b t y t h y t f y t t

e y t h y t Sc K y t h y t

f Sc K y t t e Sc K





 
         


         

       

      
=  + − + −  −      

      

  
 + − + + − +    

  

 −  − +  ( ) ( )

( ) ( ) ( ) ( )

( ) ( ) ( ) ( )

( ) ( )

1

3

3

5 7 4 5 2 5 5

1 1 5 6 3 3

6 8 6 9 2

, , , ,

, , , , , , , , , ,

, , , , , , , , , ,

, , Pr, , , , , Pr, , ,
Pr Pr

t

t

y t h y t

Sc K y t h y t f Sc K y t t e

Sc K y t h y t e Sc K y t h y t

h y t y t t f y t





 

         

         

 
       

 − + + 

   − + −  +   

   + − + + + − + +   

   
− +  −  

   

( ) ( )

1

2

6 10

1 1 6 11 2 2, , Pr, , , , , Pr, , ,
Pr Pr

t

t

e

h y t y t e h y t y t





 

 
         















  
+   

  
      

+ − + + + − +       
       




 

                      (30) 

where  
2

y

t
 =  ,  4

1 3

1


 
=  ,  

( )
5 2

1 1 3

1


  
=

−
 , 

( )
6 2

3 3 1

1


  
=

−
 ,  7 5 6  = − −  ,  8 10 11  = − −  , 

9

1 2

1


 
=  ,  

( )
10 2

1 1 2

1


  
=

−
 ,  

( )
11 2

2 2 1

1


  
=

−
 , 

12 2

2

1



= −  ,  13

2

1



= −  ,  14 2

3

1



= −  , 15

3

1



= −  , 

( ) ( ) ( )2 2

1 , ,
t t

t e erfc t e erfc t
   

      
−

= + + −  , 

( ) ( ) ( )2 2

1 , ,
t t

t e erfc t e erfc t
   

      
−

= + − −  , 

( )
( )

( )
( )

( )
( )2

2

1 1 13
2

1 4
, , , , , ,

4 28

tt t t t t
t t t e

     
       

  

− ++ −
 = − −  , 

( ) ( ) ( )2 2

2

1
, ,

2

t tt t
t t e erfc t t e erfc t

   
       

 

−
     

 = + + + − −       
     

 , 

( ), , ,
2 4 2 2 4 2

ScK y ScK yt y Sc y Sc t y Sc y Sc
f Sc K y t e erfc Kt e erfc Kt

K t K t

−
       

= + + + − −              
       

( ) ( ) ( )2 21
, ,

2

t t
h y t e erfc t e erfc t

   
    

− = + + −
 

 , 
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( )
1

, , ,
2 2 2

ScK y ScK yy Sc y Sc
Sc K y t e erfc Kt e erfc Kt

t t
 −

    
= + + −       

     

 , 

2.4 Coefficient of the rate of momentum transfer. 

The viscous drag per unit area on the plate in the direction of the plate velocity, based 

on Newton's law of viscosity velocity, is as follows: 

0y

u

y
 

=

 
= −  

  

The coefficient of skin friction or the coefficient of the rate of momentum transfer at 

the plate is given by 

( ) ( ) ( )

( ) ( ) ( ) 

( )

2

0

1 2 12 2 13 2

2 12 2 2 3 14

3 15

, , Pr, , , , , Pr, , , , ,
Pr Pr

Pr, , , , , , , , , ,
Pr

, , ,

y

o o o o o

y y y y y

t o o o o

y y y y

o

y

u

y

b t y t h y t f y t t

e y t h y t Sc K y t h y t

f Sc K y t





 
         


         

 

=


= − 

 

      
 + − + −       

      

  
− + − + + − +  

  

−

= −

( )  ( ) ( ) 

( ) ( )  ( ) ( ) 

( ) ( )  ( ) ( ) 

( )

3

1

3

2 3 14 3 3

5 7 4 5 2 5 5

1 1 5 6 3 3

6 8

, , , , , , ,

, , , , , , , , , ,

, , , , , , , , , ,

, , Pr, , ,
Pr

to o o

y y y

to o o o

y y y y

to o o o

y y y y

o o

y y

t e Sc K y t h y t

Sc K y t h y t f Sc K y t t e

Sc K y t h y t e Sc K y t h y t

h y t y t







       

         

         


   

 − + − + +

+ − + −  +

+ − + + + − + +

 
−  

 
( )

( ) ( )

1

2

6 9 2 6 10

1 1 6 11 2 2

, , Pr, , ,
Pr

, , Pr, , , , , Pr, , ,
Pr Pr

to o

y y

to o o o

y y y y

t f y t e

h y t y t e h y t y t






     

 
         

 
 
 
 
 
 
 
 
 
 
 
 
 

     +  − +         
 
       

+ − + + + − +       
         

                      (31) 

where  

( )1

2
2

t
o

y

e
erf t

t



  


−

= − −

,  

( )1 2o

y erf t = −
 

( )
( )2

1 1 1 3
2

1 4
, ,

4 416

o o o t

y y y

tt t
t e 


   

  

−
−

 = − −  ,  

( ) ( ), , ,o Kt

y

Sc
Sc K y t e ScKerf Kt

t




−
 

= − + 
 

 , 

( ) ( ), ,
t

o

y

e
h y t erf t

t



  


−

= − −  ,  

https://doi.org/10.33263/BRIAC13X.000
https://biointerfaceresearch.com/


https://doi.org/10.33263/BRIAC13X.000 

 https://biointerfaceresearch.com/ 11 of 18 

 

( ) ( ) ( ), , ,
4

o Kt

y

Sc tSc
f Sc K y t erf Kt t ScKerf Kt e

K 

−
 

= − + + 
 

 , 

( )
( )

( )2 , ,
2

o t

y

erf t t
t t erf t e 


   



− = − − −   

2.5 Coefficient of the rate of mass transfer. 

The mass flux wM  at the plate 0y =  , determined by Fick's law of diffusion, is given 

by
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Thus, the coefficient of the rate of mass transfer at the plate in terms of Sherwood 

number is given by  
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2.6 Coefficient of the rate of heat transfer. 

The heat flux *q  from the plate 0y =  to the fluid specified by the Fourier law of 

conduction is given by 
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The coefficient of the rate of heat transfer at the plate in terms of Nusselt number Nu is 

expressed as  
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3. Results and Discussion 

In order to assess the physical situation of the theoretical problem, numerical 

computations for the velocity field u, temperature field  , concentration field  , skin friction 

 , Nusselt number Nu, and the Sherwood number Sh are performed by assigning some specific 

values to the physical parameters, viz. thermal Grashof number Gr, solutal Grashof number 

Gm, chemical reaction K, thermal radiation N, Prandtl number Pr, Schmidt number Sc, heat 

source Q, magnetic parameter M, Soret number Sr, the permeability of the medium kp, plate 

inclination angle  , angle of inclination of the magnetic field  , accelerating parameter b and 

time t. The calculated results are represented graphically in Figures 2 to 16. 

The variations in the velocity field u against y under the influence of magnetic 

parameter M, Soret number Sr, thermal Grashof number Gr, and solutal Grashof number Gm 

are displayed through graphs in terms of Figures 2-5. It is evident from Figure 2 that the fluid 

velocity decreases comprehensively for increasing magnetic parameter M. In other words, the 

fluid motion is decelerated due to the imposition of the transverse magnetic field. This 

observation is consistent with the physical fact that a magnetic body force develops due to the 

interaction of fluid velocity and magnetic field, which serves as a resistive force to the flow. 

Consequently, the fluid flow gets decelerated. It is observed from Figures 3, 4, and 5 that fluid 

velocity increases with the increase of Soret number Sr, thermal Grashof number Gr, and 

solutal Grashof number Gm. Thermal buoyancy force (Figure 4) and solutal buoyancy force 

(Figure 5) cause the velocity field to rise substantially. This is happening due to the direct 

proportionality of buoyancy force to those of Grashof numbers. 

Figures 6-8 exhibit the variation temperature distribution   versus y under the influence 

of thermal radiation N, Prandtl number Pr, and heat source Q. A clear fall in fluid temperature 

under the radiation effect is reflected in Figure 6. This phenomenon is in good agreement with 

the physical fact that thermal radiation always has a tendency to minimize the atmosphere's 

temperature. It is inferred from Figure 7 that an increase in Prandtl parameter Pr causes the 

fluid temperature to fall gradually. Prandtl number is described as a quotient of kinematic 

viscosity to thermal diffusivity. More precisely, it has an inverse proportionality with thermal 

diffusivity. Therefore, the larger Prandtl number generates the smaller thermal diffusivity. 

Hence, as the Prandtl number increases, the fluid temperature reduces due to the reduction of 

thermal diffusivity. A significant rise in temperature profile under the heat source Q effect is 

noticed in Figure 8. Heat source or heat-generating parameter Q yields the mechanism 

generating or producing thermal energy from the surrounding itself. It is more pronounced that 

more heat generation from its ambiances yields a high spread of fluid temperature. Therefore, 

when the heat-generating parameter increases, the fluid temperature also increases. 

The effect of the Schmidt number Sc and chemical reaction K on the concentration 

profile are presented in Figures 9 and 10. A clear hike in concentration under Sc is reflected in 

Figure 9. It is noted that an increase in Sc means a fall in mass diffusivity. Thus, the 

concentration at the plate gets enhanced for low mass diffusivity. There is a significant rise in 

fluid concentration level under the effect of chemical reaction, which is visualized in Figure 

10. This observation agrees with the physical reality that the consumption of species leads to a 

rise in species concentration. 

The variation in skin friction   against t under the influence of inclination angle    and 

accelerating parameter b is displayed in Figures 11 and 12. From Figure 11, we can see that 

the coefficient of the rate of momentum transfer or viscous drag reduces with the increment of 
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an inclination angle   of the plate, while a reverse trend is observed in Figure 12 with the 

increase in the value of accelerating parameter b. 

The change of behavior of the coefficient of the mass transfer rate versus t under the 

influence of heat source Q and Soret number Sr is illustrated in Figures 13 and 14. These figures 

show that the Sherwood number increases with the effects of Q and Sr. 

Figures 15 and 16 depict how the behavior of the coefficient of the rate of heat transfer 

changes with the variation of the values of the physical parameters thermal radiation N and 

heat source Q. It is observed from these figures that Nusselt number Nu rises due to the N 

effect, but falls under Q effect. 

                   

Figure 2. Velocity u versus y for 1Gr = ,

1Gm = , 2K = , 5N = , Pr .7= , .6Sc = ,

5Q = , .5kp = , 
3

 =
, 3

 =
 ,

2Sr =
 ,

1b =
 ,

1t =
 
  

Figure 3. Velocity u versus y for 1Gr = ,

1Gm = , 2K = , 5N = , Pr .7= , .6Sc = ,

5Q = , 1M =  , .5kp = , 
3

 =
, 3

 =
 , 

1b =
 ,

1t =
 
  

                       

 

 

 

 

Figure 4. Velocity u versus  y for 1Gm = , 

2K = , 5N = , Pr .7= , .6Sc = , 5Q = ,

1M =  , .5kp = , 
3

 =
, 3

 =
 ,

2Sr =
 ,

1b =
 ,

1t =  

 

Figure 5. Velocity u versus y for 1Gr = , 

2K = , 5N = , Pr .7= , .6Sc = , 5Q =

, 1M =  , .5kp = , 
3

 =
, 3

 =
 ,

2Sr =
 ,

1b =
 ,

1t =  
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Figure 6. Temperature  versus y for 

Pr .7=  , .5Q =  , 1t =  

Figure 7. Temperature  versus y for 

5N =  , .5Q =  , 1t =  

 

Figure 8. Temperature  versus y for 

Pr .7=  , 5N =  , 1t =  

 

Figure 9. Concentration   versus y for .3K =  ,

Pr .7=  , 2Sr =   ,
3

 =  ,
3

 =  , 5N =  ,

1M =  , .5Q =  , 1t =   

 

Figure 10. Concentration   versus y for

  , 2Sr =  , .2Sc =  ,
3

 =  ,

3
 =  , 5N =  , 1M =  , 5N =  , 1M =  

 

Figure 11. Skin friction   versus t for 

1Gr = , 1Gm = , .1K = , 6N = , 

Pr .7= , .6Sc = , .5Q = , 1M =  ,

.5kp =
, 3

 =
 ,

2Sr =
 ,

1b =  
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Figure 16. Nusselt number Nu versus t for 5N =  , Pr .7=   

4. Conclusions 

This paper analyzes the fluid flow problem over a tilted parabolic plate through a porous 

material with the occurrence of thermal radiation, Soret number and inclination of the magnetic 

field, and variable velocity, temperature, concentration, and transport properties investigated. 

Finally, the outcomes of the present investigation are: (i) The fluid velocity increases with the 

Figure 12. Skin friction   versus t for 1Gr = , 

1Gm = ,  , 6N = , Pr .7= , .6Sc = ,

.5Q = , 1M =  , .5kp = , 
3

 =
, 3

 =
 ,

2Sr =  

 

 

 

Figure 13. Sherwood number Sh versus t for 

1N =  , Pr .7=  , .2Sc =  , 1K =  ,

5Sr =  

Figure 14. Sherwood number Sh versus t for 

1N =  , .6Q =  , Pr .7=  , .2Sc =  ,

1K =  

Figure 15. Nusselt number Nu versus t for 

.5Q =  , Pr .7=  
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increment of Soret number and buoyancy forces, reducing the magnetic parameter; (ii) The 

temperature reduces as Prandtl number and thermal radiation increase with the increase of heat 

source; (iii) Schmidt number and chemical reaction effects have significant contributions in 

raising the concentration level of the plate; (iv) The viscous drag increases with the accelerating 

parameter, whereas the increment in the plate inclination angle causes its reduction; (v) Rate 

of heat transfer or Nusselt number boosts when thermal radiation increases whereas it decreases 

with an increment in heat-generating parameter; (vi) Rate of mass transfer at the surface of the 

plate becomes high as Soret number and heat source become high. 
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