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Abstract 

  

In this paper, the effects of thermal conductivity and chemical reaction on the magneto hydrodynamic 

flow of a micropolar fluid over a continuously moving stretching surface with heat source/sink are 

considered. The analysis accounts for thermophoresis and thermal radiation. The surface temperature 

is assumed to vary as a power-law temperature. The governing conservation equations of mass, 

momentum, angular momentum, energy and concentration are converted into a system of non-linear 

ordinary differential equations by means of similarity transformation. The resulting system of coupled 

non-linear ordinary differential equations is solved numerically. The numerical results show that the 

thermal boundary thickness increases as the thermal conductivity parameter S increases, while it 

decreases as the radiation parameter R increases. Also, it was found that the Nusselt and Sherwood 

numbers increase as R increases and decreases as S increases. 
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1. INTRODUCTION 

 

In many industrial manufacturing processes, the 

problem of heat and  mass transfer in two-

dimensional boundary layers on a continuous 

stretching surface, moving in an otherwise 

quiescent fluid medium, have attracted 

considerable attention during the last few 

decades. Examples may be found in continuous 

casting, glass-fiber production, metal extrusion, 

hot rolling, wire drawing, paper production, 

drawing of plastic films, metal and polymer 

extrusion and metal spinning [1–3]. Sakiadis 

[4] first investigated boundary layer flow over 

a continuous solid surface moving with 

constant speed. This problem was extended by 

Erickson et al. [5] and Fox et al. [6] to include 

the wall suction or injection and explained its 

effects on the heat and mass transfer in the 

boundary layer. Crane [7] first studied the flow 

caused by an elastic sheet whose velocity varies 

linearly with the distance from a fixed point on 

the sheet. Gupta and Gupta [8] presented the 

heat and mass transfer corresponding to the 

similarity solution for the boundary layer over 

a stretching sheet subject to suction or blowing. 

Chen and Char [9] investigated the effects of 

the variable surface temperature and variable 

surface heat flux on the heat transfer 

characteristics of a linearly stretching sheet 

subject to blowing or suction. Chakrabarti and 

Gupta [10] analysed the hydromagnetic flow 

and heat transfer over a stretching sheet. All of 

the above investigators restricted their analysis 

to flows of a Newtonian fluid.  

 

In last two decades, a new stage in the 

evaluation of fluid dynamic theory is in 

excellent progress because of the increasing 

importance in the processing industries and 

elsewhere of materials whose flow shear 

behavior cannot be characterized by Newton 

relationships. The theory of micropolar fluids 

was first introduced and formulated by Eringen 

[11]. This theory display the effects of local 

rotary inertia and couple stress. The theory is 

expected to provide a mathematical model for 

the non-Newtonian fluid behavior observed in 

certain fluid such as exotic lubricants, 

polymeric fluid, colloidal fluids, liquid crystals, 

ferroliquid, etc., which is more realistic and 

important from a technological point of view. 

The theory of thermomicropolar fluids was 

developed by Eringen [12] by extending his 

theory of micropolar fluid. The flow 

characteristics of the boundary layer of 

micropolar fluid over a semi-infinite plate in 

different situations have been studied by many 

authors in Refs. [13–21].  

 

At high operating temperatures, radiation 

effects can be quite significant. We know that 

the radiation effect is important under many 

non-isothermal situations. If the entire system 

involving the polymer extrusion process is 

placed in thermally controlled environment, 

then radiation could become important. The 

knowledge of radiation heat transfer in the 

system can perhaps lead to a desired product 

with a sought characteristic. Radiation effects 

on Newtonian and non-Newtonian fluids with 

and without magnetic field has been considered 

by many authors [22–27].  

 

Thermophoresis is a mechanism of particle 

deposition, besides other ones like inertial 

impaction, sedimentation, Brownian diffusion 

etc. Thermophoresis phenomenon has many 

engineering applications in removing small 

particles from gas streams, in determining 

exhaust gas particle trajectories from 

combustion devices, and in studying the 

particulate material deposition on turbine 

blades. Duwairi and Damesh [28] investigated 

the effects of thermophoresis particle 

deposition on mixed convection from vertical 

surfaces embedded in saturated porous 

medium. Rahman et al. [29] analyzed the local 

similarity solutions for unsteady two-

dimensional forced convective heat and mass 

transfer flow along a wedge with 

thermophoresis. Very recently, Adrian 

Postelnicu [30] studied the thermophersis 

partical deposition in natural convection over 

inclined surfaces in porous media. 

 

The combined heat and mass transfer problems 

with chemical reaction are of importance in 

many processes and have, therefore, received a 

considerable amount of attention in recent 

years. In processes, such as drying, evaporation 

at the surface of a water body, energy transfer 

in a wet cooling the tower, and the flow in a 

desert cooler, the heat and mass transfer occurs 

simultaneously. Das et al. [31] considered the 

effects of first order chemical reaction on the 

flow past an impulsively started infinite vertical 

plate with constant heat flux and mass transfer. 
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Muthucumarswamy and Ganesan [32] and 

Muthucumarswamy [33] studied first order 

homogeneous chemical reaction on flow past 

infinite vertical plate. Ibrahim et al. [34] 

presented the effects of the chemical reaction 

and radiation absorption on the unsteady MHD 

free convection flow past a semi-infinite 

vertical permeable moving plate with heat 

source and suction. Demesh et al. [35] 

investigated combined effect of heat generation 

or absorption and first-order chemical reaction 

on micropolar fluid flow over a uniformly 

stretched permeable surface.   Pal et al. [36] 

used perturbation analysis to study unsteady 

magnetohydrodynamic convective heat and 

mass transfer in a boundary layer slip flow past 

a vertical permeable plate with thermal 

radiation and chemical reaction. The buoyancy 

and chemical reaction effects on MHD mixed 

convection heat and mass transfer in a porous 

medium with thermal radiation and Ohmic 

heating was investigated by Pal and Talukdar 

[37].  

 

In all of the previous studies the effects of 

thermal radiation and chemical reaction on 

MHD mixed convective flow of a micropolar 

fluid over a stretching surface with variable 

thermal conductivity were not studied. Hence, 

the aim of this work is to study the influence of 

temperature dependent thermal conductivity, 

chemical reaction and thermal radiation on 

MHD flow and mass transfer of a micropolar 

fluid over a continuously moving stretching 

surface in the presence of heat generation or 

absorption with suction or injection. 

 

2. BASIC EQUATIONS 

 

Consider a steady two-dimensional flow of an 

incompressible, electrically conducting 

micropolar fluid, subject to a transverse 

magnetic field over a semi-infinite stretching 

plate with variable temperature in the presence 

of radiation. The x-axis is directed along the 

continuous stretching plate and points in the 

direction of motion. The y-axis is perpendicular 

to x-axis and to the direction of the slot (the z-

axis) whence the continuous stretching plate 

issues. It is assumed that the induced magnetic 

field and the Joule heating are neglected. The 

fluid properties are assumed to be constant, 

except for the fluid thermal conductivity which 

is taken as a linear function of temperature. 

Then under the usual boundary layer 

approximations, the governing equations for 

the problem can be written as follows [35]: 

 

(i)    Continuity 

  0
u v

x y

 
 

 
                                                                                                                         (1)      

(ii)   Linear  momentum 
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(iii)  Angular momentum 
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(iv) Concentration:  

 
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x y y y


  
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     (5) 

 

where u  and v  are the velocity components in the x  and y directions respectively,  S     is 

the apparent kinematic viscosity,   is the fluid density, S a constant characteristic of the fluid, g  is 

the acceleration due to gravity,   is the density of the fluid,   is the electrical conductivity, B0 is the 
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externally imposed magnetic field in the y-direction, f  and c  are the thermal and concentration 

expansion coefficients, T , wT and T  is the temperature of the fluid inside the thermal boundary layer, 

the plate temperature and the fluid temperature in the free stream, respectively. 
1G (>0) is the 

microrotation constant, N is the components of microrotation or angular velocity whose rotation is in 

the direction of the xy –plane, 
1 1( 0)K S K   is the coupling constant, S is a constant characteristic 

of the fluid,
0Q  is the heat generation (>0) or absorption (<0) coefficient, While C , 

wC and C
 are the 

corresponding spices concentration, k  is the thermal conductivity, 
pc is the specific heat at constant 

pressure,
rq  is the radiative heat flux in the y –direction, D  is the molecular diffusivity, 

TV is the 

thermophoretic velocity, 
*Kr is the rate of chemical reaction, 

* 0Kr   represents for destructive 

reaction, 
* 0Kr   represents for generative reaction and 

* 0Kr   represents for no reaction.. The 

second and third terms on the RHS of concentration equation (5) represent the thermophoresis and 

chemical reaction effects, respectively.     

 

The appropriate boundary conditions for the above model are as follows: 

0, , 0, , 0,

0, 0, 0, ,

w w wu U ax v v T T C C at y

u v T T C C as y



  

      

     
               (6) 

 

where wU ax  is the velocity of the stretching sheet and  0v  is the suction/injection velocity.   

The wall temperature is assumed to vary along the plate according to the following power-law 

 

  
wT T x          (7) 

 

where   and   (the surface temperature parameter) are constants. 

The fluid thermal conductivity is assumed to vary as a linear function of the temperature in the form 

[44] 

 

  [1 ( )]k k b T T           (8) 

 

where b  is a constant depending on the nature of the fluid and k is the ambient thermal conductivity. 

In general, 0b   for air and liquids such as water, while 0b   for fluids such as lubrication oils. 

 

By using the Rosseland approximation [45], we have    
44

3

s
r

e

T
q

k Y

 
 


         (9) 

 

where s the Stefan-Boltzmann constant and ek the mean absorption coefficient. 

It should be noted that by using the Rosseland approximation, the present analysis is limited to optically 

thick fluids. If the temperature differences within the flow are sufficiently small, then Equation (6) can 

be linearized by expanding 
4T  into the Taylor series aboutT , which after neglecting higher order 

terms takes the form  

 
3 44 4 3T T T T                                     (10) 

 

In view of Equations (9) and (10), Eq. (4) reduces to 
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Now the thermophoretic velocity VT , which appears in the Eq. (4) can be written as [43]: 

 

T

ref ref

T kv T
V kv

T T y

  
  


        (12) 

 

where refT  is a reference temperature and k is the thermophoretic coefficient with range of value from 

0.2 to 1.2 as indicated by Batchelor and Chen [42] and is defined from the theory of Talbot et al. [41] 

by 

 

   
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where C1, C2, C3, Cm, Cs, Ct are constants, 
g and 

p  are the thermal conductivities of the fluid and 

diffused particles respectively and nK  is the Knudsen number.  

A thermophoretic parameter  can be defined as follows [43]: 

 

 w

r

k T T

T
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           (14) 

 

Typical values of   are 0.01, 0.05 and 0.1 corresponding to approximate values of  wk T T   equal 

to 3K, 15K and 30 K for a reference temperature of 300rT K . 

In order to write the governing equations and the boundary conditions in dimensionless form, the 

following non-dimensional quantities are introduced. 
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      (15) 

The continuity equation (1) is automatically satisfied by the Cauchy-Riemann Equations u
y





 and 

v
x


 


. 

In view of the Equation (15), and following the analysis of El-Arabawy, [11], the equations (2), (3), (5) 

and (11) reduce to the following non-dimensional form 

 1 0K f ff Gr Gc Kg Mf                   (16) 

(2 ) 0G f                                                                                                         (17) 

   4 3 1 3 Pr 0R S R f                     (18) 

    0Sc f Sc Kr                      (19) 

 

For air 0S 6, for water 0S 0.12, and for lubrication oils -0.1 :S 0 [30]. 
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The corresponding dimensionless boundary conditions are 

(0) , (0) 1, (0) 0, (0) 1, (0) 1,

( ) 0, ( ) 0, ( ) 0, ( ) 0

wf f f g

f g
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     (20) 

In the previous equations, prime indicates differentiation with respect to ,  

Where 0
w

v
f

a
  is the permeability of the porous surface which is positive for suction and 

negative for injection. 
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  is the heat generation ( 0  ) or absorption ( 0  ) parameter. 
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  is the Schmidt number, 

and 

*Kr
Kr

Da


 is the chemical reaction parameter. 

To analyze the behavior of fluid at surface results are constructed for the physical quantity of interest. 

The skin-friction coefficient, couple stress, Nusselt number (rate of heat transfer) and Sherwood number 

(rate of mass transfer) are important physical parameters for this type of boundary layer flow.  

From the velocity field, the skin-friction at the plate can be obtained, which in non-dimensional form is 

given by 
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From the angular velocity field in the boundary layer, we can now calculate the couple stress coefficient 

at the wall of the plate, which in the non-dimensional form is given by 
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From the temperature field, the rate of heat transfer coefficient can be obtained, this in non-dimensional 

form, in terms of the Nusselt number, is given by 
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From the concentration field, the rate of mass transfer coefficient can be obtained, which in non-

dimensional form, in terms of the Sherwood number, is given by 

   0 (1 2)

0

Re 0
y

x x

C
D

y
Sh

U C


 



 
  

 
         (24)  

where 0Rex

U x


  is the Reynolds number 

 

3. NUMERICAL TECHENIQUE  

 

The set of coupled non-linear governing boundary layer equations (16) - (19) together with the boundary 

conditions (20) are solved numerically by using Runge-Kutta fourth order technique along with 

shooting method. The computations were done by a program which uses a symbolic and computational 

computer language (Mathematica 11.0) on a Pentium 1 PC machine. The step size 0.01   is used 

to obtain the numerical solution with five decimal place accuracy as the criterion of convergence. From 

the process of numerical computation, the skin-friction coefficient, the plate couple stress, the Nusselt 

number and the Sherwood number, which are respectively proportional to  0f  ,  0g ,  0  and

 0  are also sorted out and their numerical values are presented in a tabular form. 

 

Fig.1(a). Effect of fw on velocity 

 

 

Fig.1(b). Effect of fw on microrotation 

         Fig.1(c). Effect of fw on temperature 

 

        Fig.1(d). Effect of fw on concentration 
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Fig.2(a). Effect of M on velocity 

 

Fig. 2(b).  Effect of M on microrotation 
 

Fig. 2(c). Effect of M on temperature 

 

Fig. 2(d). Effect of M on concentration 
 

Fig. 3(a) Effect of   on velocity   

 

Fig. 3(b). Effect of   on microrotation 
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Fig.3(c). Effect of   on temperature 

 

Fig. 3(d). Effect of   on concentration 
 

Fig. 4(a) Effect of  s  on velocity 

 

Fig. 4(b). Effect of s  on microrotation 
 

Fig.4(c)  Effect of s  on  temperature 

 

Fig.5(a). Effect of R on velocity 
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Fig. 5(b). Effect of R on microrotation 

 

Fig. 5(c) Effect of R on temperature 
 

 Fig. 6(a) Effect of Ec on velocity 

 

 
 
Fig.6(b) Effect of Ec on microrotation     

 

 

Fig.6(c) Effect of Ec on temperature 

 

 
Fig.7(a). Effect of Kr on velocity 
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Fig. 7(b). Effect of Kr on microrotation 

 

7(c). Effect of  Kr on concentration 
 

8(a). Effect of    on velocity 

 

 

Fig. 8(b). Effect of   on microrotation 

Fig. 8(c). Efect of   on temperature 

 

 

Table 1:  Various values of  ''(0)f , '(0) , '(0) , '(0)  with fw 0.3          

                 1 1.0, 2.0, 1.0, 1.0, 1.0,Pr 0.71, 0.22.G K Gr Gc M Sc        

           M      S        R                 Kr           ''(0)f              '(0)               '(0)              '(0)  
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          1.0       1.0      1.0      1.0       0.5      0.5   1.420038           0.179025           0.304299            0.372532 

          2.0                                                            1.399627           0.237252           0.264226            0.375292 

          3.0                                                            1.382628           0.285132           0.240495            0.381126 

          1.0       1.0      1.0      1.0       0.5     0.5    1.420038           0.179025           0.304299            0.372532 

                      2.0                                                1.368912           0.172776           0.345996            0.368695 

          1.0       3.0                                                1.342940           0.167093           0.384807            0.365435   

          1.0       1.0      1.0      1.0       0.5     0.5    1.420038           0.179025           0.304299            0.372532 

                                 2.0                                     1.365619           0.188929           0.345996            0.368695 

                                 3.0                                     1.300212           0.195004           0.384807            0.365435    

          1.0       1.0      1.0      1.0       0.5     0.5    1.420038           0.179025           0.373382            0.370172 

                                            2.0                          1.358033           0.181576           0.340074            0.371327 

                                            3.0                          1.322152           0.184053           0.304299            0.372532 

                                                        0.5     0.5    1.204576           0.179025           0.373382            0.370172 

         1.0       1.0      1.0      1.0        1.0              1.325645           0.187625           0.340074            0.371327 

                                                        1.5              1.442152           0.192341           0.304299            0.372532 

                                                        0.5     0.0    1.360028           0.181124           0.285298            0.376532 

          1.0       1.0      1.0      1.0       0.5     0.5    1.420038           0.179025           0.304299            0.372532 

                                                                  1.0    1.488912           0.175316           0.326986            0.368095 

 

Table 2:  Various values of  ''(0)f , '(0) , '(0) , '(0)  with fw 0.3           

                1 1.0, 2.0, 1.0, 1.0, 1.0,Pr 0.71, 0.22.G K M Gr Gc Sc        

           M      S        R                 Kr            ''(0)f              '(0)               '(0)              

'(0)  

          1.0       1.0      1.0      1.0        0.5    0.5      1.355315           0.105398           0.304299            

0.372532 

          2.0                                                              1.353483           0.173331           0.264226            

0.375292 

          3.0                                                              1.351025           0.228557           0.240495            

0.381126 

          1.0       1.0      1.0      1.0        0.5     0.5     1.355315           0.105398           0.304299            

0.372532 

                      2.0                                                  1.348912           0.100374           0.345996            

0.368695 

                      3.0                                                  1.342940           0.098685           0.384807            

0.365435   

          1.0       1.0      1.0      1.0        0.5    0.5      1.355315           0.105398           0.304299            

0.372532 

                                 2.0                                       1.365619           0.112315           0.345996            

0.368695 

                                 3.0                                       1.372002           0.116605           0.384807            

0.365435    

          1.0       1.0      1.0      1.0        0.5    0.5      1.355315           0.105398           0.373382            

0.370172 

                                            2.0                            1.367422           0.107523           0.340074            

0.371327 

                                            3.0                            1.375694           0.109612           0.304299            

0.372532 

          1.0       1.0      1.0      1.0        0.5    0.5      1.355315           0.105398           0.373382            

0.370172 

                                                         1.0               1.351186           0.113426           0.340074            

0.371327 

                                                         1.5               1.344268           0.118461           0.304299            

0.372532 

                                                                  0.0      1.420038           0.179025           0.304299            

0.372532 
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         1.0       1.0      1.0      1.0        0.5     0.5      1.360038           0.179025           0.304299            

0.372532 

                                                                  1.0      1.301038           0.179025           0.304299            

0.372532 

 

In this paper, the effect of suction/injection on a 

steady magnetohydrodynamic free convective 

heat and mass transfer flow of incompressible 

micropolar fluid past a continuous moving plate 

in the presence of thermal radiation and viscous 

dissipation has been investigated using Runge-

Kutta fourth order technique along with 

shooting method. In order to get a physical 

insight of the problem, a parametric study is 

carried out to illustrate the effect of various 

thermophysical parameters  fw,  M, , S, R, Ec 

and Kr on the velocity, microrotation, 

temperature, concentration, local skin friction, 

couples stress,  local Nusselt number and 

Sherwood number and are presented in figures 

and tables.  

 

Figs. 1(a)-(d) depict the velocity, microrotation, 

temperature and concentration profiles for 

various values of the suction parameter fw,  

respectively. It is seen from these figures that as 

the suction parameter fw  increases, there is a 

fall in the velocity, temperature and 

concentration as well as their boundary-layer 

thicknesses, but there is increases in the 

microrotation near the plate and then decreases 

away from the plate.  

 

Figs. 2(a)-(d) display the influence of the 

magnetic field parameter M on the velocity, 

microrotation, temperature and the 

concentration, respectively. The presence of a 

magnetic field has the tendency to produce a 

drag-like force called the Lorentz force which 

acts in the opposite direction of the fluid’s 

motion. This causes the fluid velocity and 

microrotation to decrease and the fluid 

temperature and concentration to increase as the 

magnetic field parameter M increases. In 

addition, the boundary-layer thickness 

decreases while the thermal boundary-layer 

thickness increases as M increases. It is also 

observed from Fig. 2(b) that with an increase in 

M, the microrotation first increases near the 

plate and then gradually decreases away from 

the plate for both the cases of suction as well as 

injection. From Fig. 2(c) it is seen that M results 

in a decrease in the temperature. From Fig. 2(d), 

it is noticed that as the magnetic field parameter 

M increases, the concentration increases. 

 

The effect of the thermophoretic parameter   

on the velocity, microrotation, temperature and 

the concentration are depicted in Figs. 3(a)–(d), 

respectively. It is observed from Fig. 3(a) that 

the fluid velocity decreases with increase in the 

thermophoretic parameter and so the 

momentum boundary layer thickness decreases. 

It is also observed that duo to an increase in 

thermophoretic parameter  , the microrotation 

first increases near the surface and then 

gradually decreases for both the cases of 

suction as well as injection in sketched in Fig. 

3(b). From Fig. 3(c) it is also seen that   results 

in a decrease in the temperature. In the 

boundary layer region, the concentration of the 

fluid decreases with increasing the values of 

thermophoretic parameter as depicted in 

Fig.3(d). So, thermophoretic parameter   is 

expected to alter the concentration boundary 

layer. 

 

Figs. 4(a)–(c) illustrate the velocity, 

microrotation and temperature profiles, for 

variation in the thermal conductivity parameter 

S for both suction as well as injection. Fig. 4(a) 

shows that an increase in thermal conductivity 

parameter tends to increase the fluid velocity in 

the boundary layer region. The physics behind 

the results is that the thermal conductivity 

parameter increases the thickness of 

momentum boundary layer, which ultimately 

enhances the velocity. Fig. 4(b) it is observed 

that as R increases, the microrotation increases 

near the plate and decreases away from the 

plate. From Fig. 4(c), it is also seen that the 

temperature increases with increasing S. Thus, 

by rising in thermal conductivity parameter S, 

thermal boundary layer thickness enhances. 

 

Figs. 5(a)–(c) illustrate the velocity, 

microrotation and temperature profiles, for 

variation in the thermal radiation parameter R 

for both suction as well as injection. Fig. 5(a) 

shows that an increase in radiation parameter 

tends to increase the fluid velocity in the 

boundary layer region. The physics behind the 
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results is that the thermal radiation increases the 

thickness of momentum boundary layer, which 

ultimately enhances the velocity. Fig. 5(b) it is 

clearly seen that as R increases, the 

microrotation increases near the plate and 

decreases away from the plate. From Fig. 5(c), 

it is also observed that the temperature 

distribution increases uniformly with 

increasing thermal radiation parameter R. Thus, 

by escalating R, thermal boundary layer 

thickness enhances.  

 

The effect of viscous dissipation parameter i.e., 

Eckert number Ec on the velocity, 

microrotation and temperature are illustrated in 

Figs. 6(a)-(c), respectively. Fig. 6(a) shows that 

the velocity field increases with the increase of 

Ec for fluid suction as well as for injection. Fig. 

6(b) displays that the microrotation increases 

near the plate and then decreases away from the 

plate with the increase of Ec for fluid suction as 

well as for injection. Fig. 6(c) also, shows that 

the temperature increases with increasing 

values of Ec for fluid suction as well as for 

injection. 

 

Figs. 7(a)-(c), illustrate the dimensionless 

velocity, microrotation and concentration 

profiles for various values of the chemical 

reaction parameter Kr. From Fig. 7(a), it is 

noted that the velocity decreases as Kr increases 

for both the cases of constant fluid suction or 

injection. Fig. 7(b) shows that as Kr increases, 

first the microrotation increases near the plate 

and then decreases away from the plate for both 

the cases of constant fluid suction and injection. 

Further, from Fig. 7(c) it is also seen that 

concentration increases as Kr increases for both 

the cases of constant fluid suction and injection.  

 

Figs. 8(a)-(c), illustrate the dimensionless 

velocity, microrotation and temperature profiles 

for various values of the heat 

generation/absorption parameter δ. From Fig. 

8(a), it is noted that the velocity increases as δ 

increases for both the cases of constant fluid 

suction or injection. Fig. 8(b) shows that as δ 

increases, first the microrotation decreases near 

the plate and then increases away from the plate 

for the cases of constant fluid suction as well as 

injection. Further, from Fig. 8(c) it is also seen 

that the temperature increases as in δ increases 

for the cases of constant fluid suction or 

injection. 

 

The effects of all pertinent physical parameters 

on the local skin friction coefficient, couple 

stress coefficient, the local Nusselt number and 

the local Sherwood number for the both the 

cases of constant fluid suction and injection are 

shown in Table 1 and 2, respectively. From this 

table, we can see that the skin friction 

coefficient rises as Kr, whereas it reduces with 

the increment in S, R, δ and   for fluid suction 

as well as for injection. Couple stress 

coefficient increases as M, R,  and Kr, 

whereas it decreases with the increment values 

in S and δ for fluid suction as well as for 

injection. Nusselt number increases as M, R 

whereas it decreases with the increment values 

in M,  and Kr for both fluid suction and 

injection, But they have opposite behavior on 

the Sherwood number for fluid suction as well 

as for injection. 

 

4. CONCLUSIONS 

 

The present work helps us understanding 

numerically as well as physically the 

thermophoresis phenomenon on heat and mass 

transfer flow of Newtonian fluid past an 

inclined permeable surface in the presence of 

magnetic field and thermal radiation with 

viscous and magnetic dissipations. Based on the 

obtained graphical results, the following 

conclusions may be drawn: 

1. Increasing magnetic field strength decreases 

the wall shear stress, rate of heat transfer and 

mass deposition flux from the radiate porous 

surface. Magnetic field significantly controls 

the flow, heat, and mass transfer characteristics. 

2. Increasing radiation parameter leads to 

decrease the hydrodynamic as well as thermal 

boundary layer thickness whereas increases the 

concentration boundary layer thickness. 

3. The heat transfer rate is decreased due to 

viscous dissipation as it works like a heat 

source. 

4. Increasing thermophoretic parameter 

decreases the concentration as well as the local 

Stanton number inside the boundary layer. 

           In this work, the results indicate that the 

magnetic parameter has the effect of increasing 

the value of the skin-friction and reducing the 

rate of heat transfer. However, the radiation 

parameter and the surface temperature 

parameter, have the effect of increasing the 

value of the Nusselt number, while the thermal 

conductivity parameter has the opposite effect 

on the Nusselt number. 
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