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               ABSTRACT 

 The present study comprises of steady two dimensional 

magnetohydrodynamic heat and mass transfer forced convection flow along a 

vertical stretching sheet in the presence of magnetic field. The problem has been 

analyzed by applying Nachtsheim-Swigert shooting iteration technique with 

sixth order Runge-Kutta integration scheme. The nonlinear partial differential 

equations governing the flow fields occurring in the problems have been 

transformed to dimensionless nonlinear ordinary differential equations by 

introducing suitably selected similarity variables. The ensuing equations are 

simultaneously solved by applying numerical iteration scheme for velocity, 

temperature and concentration. The results are displayed graphically in the form 

of velocity, temperature and concentration profiles. The corresponding skin-

friction coefficient, Nusselt number and Sherwood number are displayed 

graphically and also in tabular form as well. The effects of several important 

parameters on the velocity, temperature and concentration profiles are 

investigated.  
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INTRODUCTION 

 The concept of boundary allows simplifying the equation of fluid flow by 

dividing the flow field into two areas: one inside the boundary layer, where 

viscosity is dominant and the majority of the drag experienced by a body 

immersed in a fluid is created, and other outside the boundary layer where the 

viscosity can be neglected without significant effects on the solution. This 

allows a closed form solution for the flow in both areas, which is a significant 

simplification over the solution of the Navier-Stoke equations. The Navier-Stoke 

equations are time-dependent and consist of a continuity equation for 

conservation of mass, three conservation of momentum equations and 

conservation of energy equation. The majority of the heat transfers to and from a 

body also take places within the boundary layer. The thickness of the velocity 

boundary layer is normally defined as the distance from the solid body at which 

the flow velocity is 99% of the free stream velocity. The hydro-magnetic flow 

and heat transfer problems have become important industrially. To be more 

specific, it may be pointed out that many metallurgical processes involve the 

cooling of continuous strips or filaments by drawing them through a quiescent 

fluid and that in the process of drawing, these strips are sometimes stretched. In 

all the cases the properties of the final product depend on the rate of cooling to a 

great extent. By drawing such strips in an electrically conducting fluid subjected 

to a magnetic field, the rate of cooling can be controlled and a final product of 

desired characteristics can be achieved. Finally it can be said that the study of 

boundary layer flow and heat transfer over a continuously stretched surface is 

very important because of its various possible applications in countless places 

such as hot rolling, wire drawing and plastic extrusion, continuous casting, glass 

fiber production, crystal growing, paper production and many other places that 
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are important for our industrial developments and financial developments as 

well. Out of two types of convective heat and mass transfer, forced convection is 

the one where the velocity of flow dominates over the other parameters. Some 

kind of external forces are employed here. The cooling system in a car engine is 

an example of forced convection. Thermal radiation has a significant role in 

surface heat transfer, when convective heal transfer is similar. The radiation 

effect on forced and free convection have been studied in recent years 

extensively, as the magnetohydrodynamic [MHD] flow and heat transfer 

problems have become more important in many engineering and industrial 

applications. These include magnetohydrodynamic power generators, 

accelerators, and crystal growth. Mujtaba et al. [1] studied the effect of thermal 

radiation flow adjacent to a non-isothermal wedge in the presence of heat source 

or sink. Hossain and Takhar [2] studied thee radiation effects using the 

Rosseland diffusion approximation [3] that leads to non similar boundary layer 

equation governing the mixed convection flow of an optically dense viscous 

incompressible fluid past heated vertical plate with a free uniform velocity and 

surface temperature.  Shateyi et al. [4] studied the thermal radiation and 

buoyancy effects on heat and mass transfer over a semi-infinite stretching 

surface with suction and blowing.  Ali et al. [5] studied the radiation effect on 

natural convection flow over a vertical surface in a gray gas. Following Ali et al. 

Mansour [6] studied the interaction of mixed convection with thermal radiation 

in laminar boundary layer flow over a horizontal, continuous moving sheet with 

suction/injection. Azzam et al. [7] investigated the effects of radiation on the 

MHD mixed free-forced convective steady laminar boundary layer flow of an 

optically thick electrically conducting viscous fluid, past a moving semi-infinite 

vertical plate, for large temperature differences. Elbashbeshy et al. [8] studied 

the determination of the effect of radiation on forced convection flow of a 

micropolar fluid over a horizontal plate. Aydin et al. [9] investigated the mixed 

convection heat transfer about a permeable vertical plate in the presence of 
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magneto and thermal radiation effects. Cess [10] studied to determine the 

influence of radiation heat transfer upon the forced convection Nusselt 

number.Duwairi [11] worked to highlight the viscous and joule heating effects 

on forced convection flow in the presence of magneto and thermal radiation 

effect. Duwairi et al. [12] studied the MHD forced convection heat, transfer 

from radiate surfaces in the presence of a uniform transverse magnetic field 

with, conductive fluid suction or injection from a porous plate. Rahman et al. 

[13] analyzed a two dimensional steady MHD mixed convection and mass 

transfer flow over a semi-infinite porous inclined plate in the presence of 

thermal radiation with variable suction and thermophoresis. Samad and Rahman 

[14] investigated thermal radiation interaction with unsteady MHD flow past a 

vertical porous plate immersed in a porous medium. Samad and Karim [15] 

studied thermal radiation interaction with unsteady MHD free convection flow 

through a vertical flat plate with time dependent suction in the presence of 

magnetic field. Abo-eldahab [16] studied thermal radiation effects on MHD flow 

past a semi-infinite vertical inclined plate in the presence of mass diffusion. 

Mazumdar and Deka [17] studied the MHD flow past an impulsively started 

infinite plate in the presence of thermal radiation. Damesh [18] studied MHD 

mixed convection from radiate vertical isothermal surface embedded in a 

saturated porous media. As in the case of stretching sheets, Chen [19] studied 

laminar mixed convection adjacent to vertical continuously stretching sheet. 

Chiam [20] investigated MHD heal transfer over non-isothermal stretching 

sheet. Chiam [21] studied heat transfer in a stretching sheet with variable 

viscosity and variable heat transfer in stagnation point flow towards a lower 

stretching sheet. Seddeek et al. [23] studied laminar thermal diffusivity. Sharma 

and Mishra [24] studied steady MHD through horizontal channel, with the plate 

being a stretching sheet and the upper plate fluid with variable thermal 

conductivity over stretching sheet. Mahapatra et al. [22] investigated mixed 

convection adjacent to vertical continuously being a permeable plate bounded by 
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porous medium. Sriramalu et al. [25] investigated the steady flow and heat 

transfer of a viscous incompressible fluid flow through porous medium over a 

stretching surface. Pop et al. [26] studied radiation effect on the flow near the 

stagnation point of a stretching sheet. Sharma and Singh [27] studied the effects 

of variable thermal conductivity and heat source/ sink on MHD flow near a 

stagnation point on a linearly stretching sheet. Abo-eldahab [28] studied flow 

and heat transfer in a micropolar fluid past a stretching surface embedded in a 

non-Darcian porous medium with uniform free stream.  

Mathematical Formulation 

 We consider a steady two-dimensional magneto hydrodynamic heat and 

mass transfer flow of a various incompressible fluid along a vertical stretching 

sheet with constant heat generation absorption with radiation. We take the X-

axis along the sheet and Y-axis is normal to it. Two equal and opposite forces 

are introduced along the X-axis so that the sheet is stretched keeping the origin 

fixed. A uniformed magnetic field of strength  is imposed along the Y-axis. A 

radiation depending on the temperature is applied on the stretching sheet. The 

physical configuration considered here is shown in the following Figure-1.  

 

Figure 1: Flow model with coordinate system 
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 To formulated the problem, at first the two dimensional continuity equation 

will be introduced. On the momentum boundary layer equation the left hand side 

consists of the acceleration terms. The right hand side consists of several terms. 

The first term indicates the viscous term, the second term indicates the buoyancy 

term which will be neglected for the force convection and the third term 

indicates the presence of magnetic field. On the energy equation, in addition 

with the usual terms a new term corresponding to radiation will have to be 

introduced in the right hand side referring to the radiative heat flux gradient. The 

corresponding equation consists of the usual terms.  

Governing Equations  

 The governing equations representing the proposed flow field are: 

Continuity equation: 

                                                                        (1) 

Momentum equations 

               (2)           

Energy equation 

      (3)                                                                  

Concentration equation  

                                               (4) 

Where  are the velocity components along   directions 

respectively,  is the kinematic viscosity of the fluid,  is the acceleration due to 

gravity,  is the volumetric co efficient of thermal expansion,  is the uniform 
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magnetic field strength(magnetic induction),  are the fluid temperature 

within the boundary layer and in the free stream respectively, C is the 

concentration of the fluid within the boundary layer,   is the density of the 

fluid,  is the specific heat at constant pressure,  is the electrical 

conductivity,  is the volumetric rate of heat generation  is the Coefficient 

of mass diffusivity,   is the rate heat transfer and s is a dummy parameter 

stands for  0 for forced convection,+1 for heating problem and -1 for cooling 

problem. 

Boundary conditions: The boundary conditions can be split into two parts. The 

first part is the wall boundary conditions and the second is the free stream 

conditions. 

Boundary conditions: 

   

 =  

                                                                                        

 , at          

 Here is a velocity component at the wall having positive value to indicate 

suction.  is the uniform wall temperature and    are the concentration 

of the fluid at the sheet and far from the sheet respectively. The effect from 

second term on the right hand side of the equation (2) is due to buoyancy force 

and the governing equations (1)-(4) represent force convection flow when we 

take .                                                                                                  
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Similarity Analysis 

 To transform equations (2) to (4) into a set of ordinary differential equations 

the following dimensionless variables are introduced:  

                                                                 (5)          

 =                (6)            

                                                            (7) 

                                                           (8)    

Where, η is the dimensionless distance normal to the sheet,  is the 

dimensionless primary velocity,  is the dimensionless fluid temperature and φ 

is the dimensionless concentration.   

 Finally we get the following local similarity equations:         

                                 (9)                                                    

                  (10)            

                                     (11)  

The transformed boundary conditions are: 

  

Where a prime denotes differentiation with respect to η and 

fw=  is the suction parameter. 
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 The dimensionless parameters appeared into the above equations are 

defined as follows: 

   is the Local rotation parameter  

   is the local magnetic parameter 

 N=  is the radiation parameter and 

   is the Prandtl number  

  is the Schmidt number 

Numerical Computations 

 The system of non-linear differential equations (9)-(11) with boundary 

conditions (12) have been solve numerically by using the aforesaid shooting 

iteration technique  named after Nachtsheim-Swigert [29] (guessing the missing 

value) along with the Runge-Kutta sixth order iteration scheme. A step size of 

has been used together with accuracy of  in all cases. The 

value of was selected in accordance with the value of each group of 

parameters  to satisfy the accuracy requirement. The 

code verifying graphs for different step sizes are shown below. 
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         Fig. 3.2(a):Velocity profiles for 
                various step sizes.
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      Fig. 3.2(b): Temperature profiles for 
                various step sizes.

fw=3.0,Sc=0.6,Pr=0.71,
m=3.0,M=1.0,n=1.0,
l=1.0,Q=1.0,N=2.0
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Fig. 3.2(c):Concentration profiles for 
             various step sizes.

fw=3.0,Sc=0.6,Pr=0.71,
m=3.0,M=1.0,n=1.0,
l=1.0,Q=1.0,N=2.0
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Here we see that for step sizes,  the velocity profiles, 

temperature profiles and the concentration profiles are good agreement among 

them.  

RESULTS AND DISCUSSION 

 We have shown the dimensionless velocity, temperature and concentration 

profiles to present the results obtained in the numerical computations have been 

carried out for various values of parameters entering into the problem in 

compliance with the different physical conditions. These parameters are, the 

Prandtl number ( ), suction parameter (), magnetic field parameter (), 
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radiation parameter (), Schmidt number ( ), heat source parameter (), 

velocity index , temperature index () and concentration index ().  
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Fig. 3.3(b): Temperature profiles for various 
values of Prandlt number, Pr.

fw=3.0,Sc=0.6,m=3.0,M=1.0,
Q=1.0,n=1.0,l=1.0,N=2.0

    Pr=0.71,1.0,3.0,5.0,7.0
θ
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 In Fig. 3.3 the effects of Prandlt number (Pr), on the velocity, temperature, 

and concentration profiles are shown. Here we see that there is no effect on 

velocity due to variation in the values of Prandlt numbers (Pr).  This is because 

in the force convection the velocity is generally high in comparisons with the 

effect of Prandlt number (Pr).  The momentum boundary layer thickness 

remains fixed with the increase of the Prandlt number (Pr). Thus there is no 

visible effect on the velocity profiles. So the velocity of the stretching sheet and 

the fluid particle remain same with the increase of the Prandlt number (Pr). On 

the other hand the temperature profiles show a sharp variation in Fig. 3.3(b) with 

the increase of Prandlt number (Pr) the decreases rate of the temperature 

increases. That is the heat transfer rate in the flow field increases with the 

increase of the Prandlt number (Pr). This is because, for lower Prandlt number 

(Pr), for example Pr=0.71, which represents the air, the heat transferred at much 

slower rate. On the other hand for Pr=7.0, which represents water at C, the 

heat transfer at much higher rate. The thermal boundary layer thickness 

decreases to a large extent with the increase of the Prandlt number. The 

concentration profiles show no variation due to the change in the Prandlt number 

(Pr) and have the same profile for all values of the Prandlt numbers. This is 
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because in the force convection the concentration is generally high in 

comparisons with the effect of Prandlt number. The concentration boundary 

layer thickness remains fixed with the increase of the Prandlt number (Pr). Thus 

there is no visible effect on the concentration profiles. It is inferred that the 

thickness of thermal boundary layer is greater for air (Pr = 0.71) and there is 

more uniform temperature profile across the thermal boundary layer as 

compared to water (Pr =7.0) and electrolyte solution (Pr =1.06). The reason is 

that smaller values of Prandtl number (Pr) are equivalent to increasing thermal 

conductivity and therefore heat is able to diffuse away from the heated surface 

more rapidly than for higher values of Prandtl number (Pr). Thus temperature 

falls more rapidly for water than air and steam. For a high Prandtl number (Pr), 

the thermal boundary layer is larger than the momentum boundary layer. As a 

result, the velocity within the boundary layer is almost constant and temperature 

gradually decreases. Again For a high Prandtl number (Pr), the concentration 

boundary layer and the momentum boundary layer are almost same. So, the 

concentration within the boundary layer is almost constant. 
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Fig. 3.4(a): Velocity profiles for various 
values of magnetic parameter, M.
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Fig. 3.4 (b): Temperature profiles for        
various values of magnetic parameter, M

fw=1.0,Pr=3.0,Sc=0.22,m=3.0,
Q=1.0,n=1.0,l=1.0,N=1.0
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Fig. 3.4(c): Concentration profiles for 
various values of magnetic parameter, M.

fw=1.0,Pr=3.0,Sc=0.22,m=3.0,
Q=1.0,n=1.0,l=1.0,N=1.0
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  In Fig. 3.4 the effect of magnetic field parameter (M) is demonstrated. Fig. 

3.4(a) shows that a variation occurs in the velocity profiles, that is, the rate of 

decrease, increases with the increase of the magnetic field parameter (M). It can 

be explained by the fact that the magnetic field produces a retarded action on the 

velocity field, thus decreasing the velocity at a higher rate. The momentum 

boundary layer thickness decreases slightly with the increase of the magnetic 

parameter (M). Fig. 3.4(b) shows a slight decrease in the decreasing rate of the 

temperature profiles. That is, the heat transfer rate decreases with the increase in 

the magnetic field strength. This is explained due to the retarding action of the 

magnetic field on the boundary layer causing the heat transfer rate getting slower 

and slower. This implies that the thermal boundary layer thickness increases a 

small amount with the increase of the magnetic parameter (M). The 
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concentration profiles in Fig. 3.4(c) also show a similar pattern of decreasing 

transfer rate due to the magnetic field effect. 
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Fig. 3.5(b): Temperature profiles for
various values of radiation parameter, N.

fw=3.0,Pr=7.0,Sc=1.0,m=3.0,
Q=1.0,n=2.0,l=1.0,M=0.5

    N=0.1,0.2,0.5,1.0,2.0
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 Fig. 3.5 shows the effect of radiation number (N) on the velocity, 

temperature, and concentration profiles. Since radiation is in the form of 

electromagnetic waves, no effects are seen on the velocity profiles. It is because 

of the higher velocity in the forced convection. The momentum boundary layer 

thickness remains fixed with the increase of the radiation parameter (N). The 

temperature profiles show that, with the increase of radiation flux, the 

temperature in the vicinity of the boundary layer decreases more rapidly in  

Fig. 3.5(b).  This can be explained easily by the fact that, with the increase of 

the radiation the heat transfer rate must increase. There is a large difference in 

the temperature profiles between the values 0.10 and 0.50 for (N). This is 

because, at the value of 0.10 the radiation is very negligible and upon reaching 

the value of 0.50, it becomes significant in the temperature field in the thermal 

boundary layer. With the increase of the radiation parameter (N) the thermal 

boundary layer thickness reduces very rapidly. The concentration profiles do not 

show any change in the variation of the radiation parameter (N), displayed in 

Fig. 3.5(c). 
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Fig. 3.6(b): Temperature profiles for
various values of Schmidt number, Sc.

fw=3.0,Pr=0.71,m=3.0,M=1.5,
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Fig. 3.6(c): Concentration profiles for 
various values of Schmidt number, Sc.

fw=3.0,Pr=0.71,m=3.0,M=1.5,
Q=3.0,n=2.5,l=1.5,N=3.0

     Sc=0.22,0.3,0.40,0.60,1.0ϕ
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The effects of Schmidt number (Sc) are shown in Fig. 3.6. As usual there are no 

significant effects seen on the velocity. It is because of the higher velocity in the 

forced convection. The momentum boundary layer thickness remains fixed with 

the increase of the Schmidt number (Sc). The temperature profiles show that, 

with the increase of Schmidt number (Sc), the temperature in the vicinity of the 

boundary layer decreases more rapidly in Fig. 3.6(b). This can be explained 

easily by the fact that, with the increase of the Schmidt number (Sc) the heat 

transfer rate must increase. There is a large difference in the temperature profiles 

between the values 0.22 and 0.30 for Sc but very small difference for the values 

Sc are 0.40, 0.60 and 1.0. The thermal boundary layer thickness decrease with 

the increase of the Schmidt numbers (Sc). With the increase of the Schmidt 
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number (Sc) the thermal boundary layer thickness reduces very rapidly. The 

concentration profiles show a strong variation with the increase of Schmidt 

number (Sc) in Fig. 3.6(c). The decreasing rate of the concentration profiles 

increase to a large extent due to the increase in the Schmidt number (Sc). This is 

because with the increase of the Schmidt number (Sc) the kinematic viscosity 

increases and the mass diffusion coefficient decreases causing the concentration 

decrease rapidly. 

0 1 2 3 4 5 6
0.0

0.2

0.4

0.6

0.8

1.0

Fig. 3.7(b): Temperature profiles for
various values of heat source parameter, Q.

fw=2.0,Sc=0.22,Pr=0.71,
m=5.0,M=1.0,n=3.0, l=2.0,N=2.0

       Q=0.0,0.5,1.0,1.5,2.0
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 Fig. 3.7 shows the heat source parameter (Q) effects on the flow field. The 

velocity profiles are almost unaffected, whereas, the temperature profiles show a 

decrease in the decreasing rate of heat source parameter (Q) in Fig. 3.7(b) in 

accordance with the physical requirements. The increase in the heat source 

parameter (Q) causes the temperature to decrease at a slower rate. This can be 

explained due to the fact that the heat source resists the temperature to decrease 

rapidly. In the case of a high heat source, for example, Q =7.0, the temperature 

rises at first and then decreases to the free stream temperature. The thermal 

boundary layer increases at a higher rate with the increase of the heat source 

parameter (Q). In the concentration profiles there is no significant change 

observed with the change in the heat source parameter (Q). 
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Fig. 3.8(a): Velocity profiles for various
values of Suction parameter, fw.

Sc=0.22,Pr=0.71,m=5.0,M=1.0,
Q=1.0,n=3.0,l=2.0,N=2.0

     fw=1.5,2.0,3.0,4.0,5.0f '
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Fig. 3.8(b): Temperature profiles for
various values of Suction parameter, fw.

Sc=0.22,Pr=0.71,m=5.0,M=1.0,
Q=1.0,n=3.0,l=2.0,N=2.0

     fw=1.5,2.0,3.0,4.0,5.0
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Fig. 3.8(c): Concentration profiles for 
various values of Suction parameter, fw.

Sc=0.22,Pr=0.71,m=5.0,M=1.0,
Q=1.0,n=3.0,l=2.0,N=2.0

     fw=1.5,2.0,3.0,4.0,5.0ϕ
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 In Fig. 3.8 the effect of suction parameter (fw) is represented. We see that in 

all the three cases of velocity, temperature and concentration profiles there is 

sharp variation in the curves. The velocity profiles show an increase in their 
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decreasing rate with the increase of the suction parameter (fw), in Fig. 3.8(a). 

This can be explained by the fact that when the suction parameter (fw) increases, 

some of matter is removed from the system and the velocity gets retarded more 

rapidly. Also the momentum boundary layer thickness decreases with the 

increase of the suction parameter (fw) and thus reduces the chance of the 

boundary layer to the transition to turbulence. The temperature profiles in Fig. 

3.8(b) shows also a decreasing trend with the increase of the suction parameter 

(fw). Thus it reduces the thermal boundary layer thickness with the increase of 

the suction parameter (fw) to a significant amount. The concentration profiles in 

the Fig. 3.8(c) show a large variation on the effect of suction parameter (fw).  As 

the two other cases the concentration profiles also show a large amount of 

decreasing trend with the increase of the suction parameter (fw). 
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Fig. 3.9(a): Velocity profiles for various
values of velocity index, m.

fw=2.0,Pr=0.71.0,Sc=1.0,
Q=1.0,n=3.0,l=2.0,M=1.0,N=2.0
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Fig. 3.9(b): Temperature profiles for
various values of velocity index, m.

fw=2.0,Pr=0.71.0,Sc=1.0,
Q=1.0,n=3.0,l=2.0,M=1.0,N=2.0

    m=2.0,3.0,5.0,7.0,9.0θ

η
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Fig. 3.9(c): Concentration profiles for 
various values of velocity index, m.

fw=2.0,Pr=0.71.0,Sc=1.0,
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 In Fig. 3.9 the effect of velocity index (m), is demonstrated. Fig. 3.9(a) 

shows that a variation occurs in the velocity profiles, that is, the rate of increase; 

small increases with the increase of the velocity index, (m). It can be explained 

by the fact that the velocity index produces a retarded action on the velocity 

field, thus decreasing the velocity at a small rate. The momentum boundary layer 

thickness decreases slightly with the increase of the velocity index (m). Fig. 

3.9(b) shows a slight increase in the decreasing rate of the temperature profiles. 

That is, the heat transfers rate increase with the increase in the velocity index 

(m). This is explained due to the retarding action of the velocity index (m) on the 

boundary layer causing the heat transfer rate getting slower and slower. This 

implies that the thermal boundary layer thickness decrease a small amount with 

the increase of the velocity index (m). The concentration profiles in the Fig. 

3.9(c) also show a similar pattern of increasing transfer rate due to the velocity 

index (m) effect. 
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Fig. 3.10(b): Temperature profiles for
various values of temperature index, n.

fw=1.0,Pr=4.0,Sc=0.6,
Q=2.0,m=5.0,l=2.0,M=1.0,N=2.0

    n=2.0,3.0,5.0,7.0,9.0
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 .Fig. 3.10 shows the temperature index, (n) effects on the flow field. The 

velocity profiles are almost unaffected, whereas, the temperature profiles show a 

increase in the decreasing rate of heat source in Fig. 3.10(b) in accordance with 

the physical requirements. The increase in the temperature index, (n) causes the 

temperature to increase at a slower rate. This can be explained due to the fact 

that the temperature index (n) resists the temperature to decrease rapidly. In the 

case of a high temperature index (n), for example, n=9.0, the temperature rises at 
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first and then decreases to the free stream temperature. The thermal boundary 

layer decreases a great amount with the increase of the temperature index (n). In 

the concentration profiles there is no significant change observed with the 

change in the heat temperature index (n). 
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Fig. 3.11(b): Temperature profiles for
various values of concentration index, l.

fw=1.0,Pr=0.71,Sc=0.22,
Q=3.0,m=2.5,n=1.5,M=2.0,N=7.0

    l=0.0,3.0,5.0,7.0,10.0θ
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Fig. 3.11(c): Concentration profiles for 
various values of concentration index, l.

fw=1.0,Pr=0.71,Sc=0.22,
Q=3.0,m=2.5,n=1.5,M=2.0,N=7.0

    l=0.0,3.0,5.0,7.0,10.0ϕ

η

 

 Fig. 3.11 the effect of concentration index (l) is represented. We see that the 

cases of temperature and concentration profiles there is sharp variation in the 

curves.. The velocity profiles are almost unaffected and the momentum 

boundary layer thickness remains fixed with the increase of the concentration 

index (l).The temperature profiles in Fig. 3.11 (b) shows also a decreasing trend 

with the increase of the concentration index (l). Thus it reduces the thermal 

boundary layer thickness with the increase of the concentration index (l) to a 

significant amount. The concentration profiles in Fig. 3.11(c) show a large 

variation on the effect of concentration index (l). As the second case the 
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concentration profiles also show a large amount of decreasing trend with the 

increase of the concentration index (l). 

Skin-friction coefficients, the Nusselt number and the Sherwood number: 

 The skin friction coefficients,  the Nusselt number  and the 

Sherwood number  are significant in the engineering field .These 

parameters refer to the wall shear stress, local wall heat transfer rate and wall 

mass transfer rate respectively. 

 The equation defining skin frictions is: 

                                  (13) 

 The local Nusselt number  is given by: 

                                      (14) 

 The local Sherwood number () is given by 

 :                                        (15) 

Where,  is the local Reynolds number and   , 

 ,    are constant. 

 It is observed from equations (13) to (15) that the Skin-friction coefficient, 

Nusselt number and the Sherwood number are proportional to  

and  respectively.  
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Table 3.1:   ,   and  for different values of  ,  and  

   
Sh M 

  
Sh N 

  
Sh 

0.71 -4.3996 1.7515 3.1013 0.0 -1.7379 1.4734 0.3843 0.10 -3.4392 1.5063 3.2252 

1.0 -3.5032 1.8118 1.9676 1.0 -2.7321 1.1496 1.6209 0.20 -3.4398 2.8757 3.2263 

3.0 -3.5032 5.5373 1.9687 2.0 -2.6878 0.82 1.5366 0.50 -3.4404 5.9737 3.2273 

5.0 -3.5032 9.1915 1.9687 3.0 -2.665 0.903 1.4928 1.0 -3.4404 9.3091 3.2273 

7.0 -3.5032 12.8221 1.9687 4.0 -2.3846 1.3319 0.3464 2.0 -3.4404 12.9495 3.2273 

 

Table 3.2:   ,   and  for different values of   , Q and Sc 

   
Sh Q 

  
Sh Sc 

  
Sh 

1.5 -2.2557 0.7141 0.4716 0.0 -2.6415 1.0855 0.5604 0.22 -3.5651 0.8183 0.7535 

2.0 -2.6415 0.9342 0.5604 0.5 -2.6415 1.0166 0.5604 0.30 -3.5651 0.9297 1.0183 

3.0 -3.4831 1.3483 0.7511 1.0 -2.6415 0.9342 0.5604 0.40 -3.5651 0.9746 1.3448 

4.0 -4.3825 1.7619 0.9528 1.5 -2.6415 0.8258 0.5604 0.60 -3.5651 0.9899 1.9902 

5.0 -5.3148 2.1785 1.1607 2.0 -2.6415 0.6419 0.5601 1.00 -3.5651 0.9899 3.2571 

 

Table 3.3:   ,   and  for different values of  ,   and  

m 
  

Sh n 
  

Sh l 
  

Sh 

2.0 -2.6878 0.82 2.4576 2.0 -1.9032 2.6979 0.9616 0.0 -1.9391 1.7947 0.8206 

3.0 -2.665 0.903 2.3979 3.0 -1.9032 2.8619 0.9616 3.0 -1.9391 1.8944 1.152 

5.0 -2.6415 0.943 2.3365 5.0 -1.9032 3.1675 0.9616 5.0 -1.9391 2.0096 1.3501 

7.0 -2.6296 0.9555 2.3051 7.0 -1.9032 3.4479 0.9616 7.0 -1.9391 2.0095 1.5332 

9.0 -2.6223 0.9609 2.2861 9.0 -1.9032 3.7078 0.9616 10.0 -1.9391 2.1507 1.7857 

 

Wrapping up the above elucidations we can make the following conclusions: 

1. In the forced convection the velocity being large, the Prandtl number (Pr) 

has no    effective dominance over velocity and concentration. Nevertheless 
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the temperature it has a significant effect. With the increase of Prandtl 

number (Pr) the local heat transfer rate increases.  

2.  The radiation parameter  has a large effect on the temperature profiles, 

and hence can be used effectively to control the temperature of the flow 

field. 

3.  The magnetic parameter  has significant effect on the velocity, 

temperature and concentration profiles.   So, magnetic field can effectively 

be used to control the flow field. 

4.   As apparent the temperature increases within the boundary layer with the 

increase of the heat source parameter (Q). 

5.   For the increase of the suction parameter  the velocity, temperature and 

concentration significantly decrease and as a consequence making it one of 

the most essential parameter in the boundary layer control theory. 

6.   The Schmidt number  has large effects on the concentration profiles 

dominating the     mass transfer rate of the flow. 

7.  The velocity index (m) has significant effect on the velocity, temperature 

and concentration profiles. 

8.  The temperature index (n) has large effects on the temperature profiles 

dominating the mass transfer rate of the flow. 

9.  The concentration index (l) has significant effect on the temperature and 

concentration profiles. So, concentration index (l) can effectively be used to 

control the flow field. 
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NOMENCLATURE 

  Uniform magnetic field strength 

C        Species concentration in the flow field 

     Species concentration at the wall 

      Species concentration in the free stream 

       Skin friction coefficient 

       Specific heat at constant pressure 

     Coefficient of mass diffusivity 

f          dimensionless stream function 

fw       Suction parameter 

Gr       Grashof number 

g         acceleration due to gravity 

        Thermal conductivity 

       Mean absorption coefficient 

         Concentration index 

M       Magnetic field parameter 

       Velocity index 

N        Radiation parameter 

         Temperature index 

    Local Nusselt number 

Pr        Prandtl number 

       Heat source parameter 

Q        Heat source parameter 
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       Radiative heat flux (Rosseland approximation) 

Re       Reynolds number 

    Local Reynolds number 

Sc       Schmidt number 

Sh       Sherwood number 

T         Temperature within the boundary layer 

      Temperature at the wall 

      Free stream temperature 

u        Velocity along x-axis 

v        Velocity along y-axis 

      Suction velocity 

x        Coordinate along the plate  

y        Coordinate normal the plate 

Greek symbols 

α         Thermal diffusivity 

β     Volumetric coefficient of thermal expansion 

η     Similarity variable  

       Step size 

θ     Dimensionless fluid temperature 

µ     Coefficient of viscosity  

ν     Coefficient of kinematics viscosity 

ρ     Fluid density 

σ      Electrical conductivity 

φ    Dimensionless fluid concentration Subscript 

ψ      Stream function 
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∞       Outside the boundary layer condition superscript 

         Differentiation with respect to η  
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