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Radiation effects on heat and mass transfer of MHD 1 

fluid over a permeable stretching sheet with  2 

Buoyancy forces 3 

 4 

ABSTRACT: 5 

This paper aims to investigate the influence of Buoyancy effects and thermal radiation of the nonlinear 6 
MHD flow with heat and mass transfer characteristics of an incompressible, viscous, electrically 7 
conducting and Boussinesq fluid along a permeable vertical stretching sheet. A magnetic field is applied 8 
transversely to the direction of the flow. The basic equations governing the flow, heat transfer, and 9 
concentration are reduced to a set of non linear ordinary differential equations by using appropriate 10 
transformation for variables. The non linear ordinary differential equations are first linearised using Quasi-11 
linearization and solved numerically by an implicit finite difference scheme. Then the system of algebraic 12 
equations is solved by using Gauss-Seidal iterative method. The effects of physical parameters on the 13 
velocity, temperature, and concentration profiles are illustrated graphically. Velocity, Temperature and 14 
concentration profiles drawn for different controlling parameters reveal that the flow field is influenced 15 
appreciably by the presence of buoyancy effects, thermal radiation, and magnetic field.  16 
Keywords: Buoyancy parameters; Thermal radiation; Suction parameter; Magnetic field; finite difference 17 
scheme 18 
 19 

INTRODUCTION: 20 
 21 
The analysis of the flow field in a boundary-layer near a stretching sheet is an important part in fluid 22 
dynamics and heat transfer occurring in a number of engineering processes such as extrusion of plastic 23 
and rubber sheets, polymer processing and metallurgy [1]. The interaction of moving fluids with magnetic 24 
fields provides a rich variety of phenomena associated with mechanical energy conversion such as 25 
metals processing, heating and flow control, or power generation from two-phase mixtures [2], but the 26 
major use of MHD is in plasma physics. The study of magneto hydrodynamics is also stimulus due to its 27 
vast application to the delineation of space and astrophysical plasmas. 28 
                  Considering suction/injection effects, Erickson et al. [3] studied heat and mass transfer over a 29 
moving surface. Pal [4] illustrated the impact of different parameters on velocity, temperature and 30 
concentration profiles for both assisting and opposing flows in stagnation-point flow over a stretching 31 
surface with thermal radiation numerically. In recent years, MHD flow problems have become more 32 
important industrially. Indeed, MHD laminar boundary layer behavior over a stretching surface is a 33 
significant type of flow having considerable practical applications in chemical engineering, 34 
electrochemistry and polymer processing. In his pioneering work, Sakiadis [5] developed the flow field 35 
due to a flat surface, which is moving with a constant velocity in a quiescent fluid. 36 

Further investigations on boundary layer flow and heat transfer of viscous fluids over a flat sheet are 37 
very important for development in many manufacturing processes, such as polymer extrusion, drawing of 38 
copper wires, continuous stretching of plastic films and artificial fibers, hot rolling, wire drawing, glass-39 
fiber, metal extrusion, and metal spinning. Both the kinematics of stretching and the simultaneous heating 40 
or cooling during such processes has a decisive influence on the quality of the final products (Magyari & 41 
Keller [6]). Among these studies, Sakiadis [7] initiated the study of the boundary layer flow over a 42 
stretched surface moving with a constant velocity and formulated a boundary-layer equation for two-43 
dimensional and axisymmetric flows. 44 

Bujurke et. al. [8] made an investigation on the heat transfer analysis in a second order fluid flow past 45 
a stretching surface with heat transfer. Datta et. al. [9] has studied the distribution of temperature in a 46 
continuous stretching sheet with uniform wall heat flux. Further flow and heat transfer from a linearly 47 
stretching sheet gained more importance due to practical applications in industrial processes. Abel and 48 
Veena [10] have analyzed visco-elastic fluid flow and heat transfer in a porous medium over a stretching 49 
sheet. 50 
             Understanding MHD is strongly related to the comprehension of physical effects which take place 51 
in MHD. When a conductor moves into a magnetic field, electric current is induced in the conductor and 52 
creates its own magnetic field (Lenz’s law). Since the induced magnetic field tends to eliminate the 53 
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original and external supported field, the magnetic field lines will be excluded from the conductor. 54 
Conversely, when the magnetic field influences the conductor to move it out of the field, the induced field 55 
amplifies the applied field. The net result of this process is that the lines of force appear to be dragged 56 
accompanied by the conductor. In this paper the conductor is the fluid with complex motions. To 57 
understand the second key effect which is dynamical we should know that when currents are induced by 58 
a motion of a conducting fluid through a magnetic field, a Lorentz force acts on the fluid and modifies its 59 
motion. In MHD, the motion modifies the field and vice versa. This makes the theory highly non-linear [11, 60 
12]. 61 
 The main goal of this paper is to find the numerical solutions using numerical techniques for the 62 
velocity, temperature and concentration distributions to study the steady magneto hydrodynamic fluid flow 63 
over a stretching sheet in the presence of buoyancy forces. The effects of different involved parameters 64 
such as magnetic field parameter, suction parameter, Prandtl number, buoyancy parameters due to 65 
temperature and concentration effects, Schmidt number, Biot number and radiation parameter on the fluid 66 
velocity, temperature and concentration distributions are plotted and discussed 67 
 68 

MATHEMATICAL FORMULATION: 69 
 70 
In this paper we examine heat and mass transfer in a steady laminar two-dimensional boundary-layer 71 
flow of an incompressible electrically conducting fluid over a permeable stretching sheet (Fig. 1.1). It is 72 
assumed that the stretching velocity is in the form of uw(x) = c(x)

1/3
 (two equal and opposite forces are 73 

applied along the x – axis with the fixed origin) where c is a constant and the surface of the sheet is 74 
heated by convection from a hot fluid at temperature hf. The flow will be induced through the stretching 75 
sheet. A magnetic field of non-uniform strength B(x) = B0(x)

-1/3
 is applied normal to the sheet. The left 76 

surface of the sheet is heated by convective heat transfer and all of the fluid properties are considered as 77 
constant properties except density. The boundary-layer governing equations and boundary conditions 78 
with the Boussinesq and the boundary-layer approximations are as follows [13]. The induced magnetic 79 
field is neglected in comparison with the applied magnetic field and the viscous dissipation is small.  80 
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Where u and v are velocity components in the direction of x and y along and normal to the surface 86 

respectively (as shown in Fig 1.1). ν is kinematic viscosity, σ is the electric conductivity, ρ is the fluid 87 

Figure 1.1 
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density, B(x) is non-uniform magnetic field parameter, g is the acceleration due to gravity, βT  is coefficient 88 

of thermal expansion, βC is coefficient of thermal expansion with concentration, T is the fluid temperature, 89 

C is fluid concentration, α is the thermal diffusivity, Cp is specific heat at constant pressure, %∗ is the 90 

Stephan-Boltz-man constant, K1  is the Rosseland mean absorption coefficient and D is the coefficient of 91 

mass diffusivity. It should be made clear that the last term in Eqn. (3) refers to the radiation parameter. In 92 

this case, the Rosseland approximation has been supposed and the radiative heat flux is given by &' =93 

− (�∗

�)"
��*

��  . Using the Taylor series �( is defined as a linear function of temperature �( ≅ 4�∞�� − 3�∞( [14]. 94 

The thermal radiation is quite significant and the quality of final product can be controlled by the control of 95 

cooling rate via radiation parameter. In polymer industry, the thermal radiation effect may play an 96 

important role in the control of heat transfer process is directed in a thermally controlled environment. The 97 

desired quality of the final product can be reached by the knowledge of radiative heat transfer [15] 98 

The corresponding boundary conditions are as follow [16] 99 

	 = 	.(/), 
 = 
. , −1 ��
�� = ℎ3(/)(�. − �),   100 

�. = �∞ + 4/, 56 7 = 0,  101 

	 → 0, � → �∞, � → �∞, 59 7 → ∞                                                                                                               -- (5) 102 

After introducing stream function Ψ and similarity variable η, the ordinary form of equations can be 103 

derived. It is assumed that the temperature varies in the x-direction, too(�. = �∞ + 5/). 104 
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                                                                                                      110 

ReQ = RSQ
ν

  is Reynolds number       111 

λT = UβV(TS<T∞)
W� x� �=    is Buoyancy parameter                                      112 

λY = UβZ(YS<Y∞)
W� x� �=     is concentration Buoyancy parameter                                                      113 

P\ = υ

α
   is Prandtl number                                                                                             114 

SW = ν

^  is Schmidt number                                                                                              115 

M = σβ`
�

ρW    is magnetic parameter              116 

The corresponding boundary conditions as follows 117 

f(η) = fb, f ′(η) = 1, θ′(η) = −Bde1 − θ(0)f,  118 
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φ(η) = 1 at η = 0,                         119 

 f ′(η) = 0, θ(η) = 0, φ(η) = 0 as η → ∞                                                                                                   -- (10) 120 

Where @. = − ��" �= �B
>j" �= F" �=  is the suction/injection parameter (fw >0for suction and fw <0 for injection) and 121 

kl = j" �= �" �= mn
)F" �=   is the Biot number. Since we have considered free convective flow, the velocity at the 122 

infinity is equal to zero                                    123 

   To solve the system of transformed governing equations (7)-(9) with the boundary conditions (10) we 124 

first linearized equation (7) by Quasi-linearization technique 125 

Then equation (7) transformed to 126 

 f ′′′ + >
� f ′′(F) + f ′ p− >

� F − Mq + p>
� F ′′q f + (�

� KF ′M> − >
� FF ′′ + λ\θ + λWφ) = 0                                              -- (11) 127 

Where F is assumed to be known function and the above equation can written as 128 

Asf ′′′ + A�f ′′ + A>f ′ + A�f + A( = 0                                                                                                          -- (12) 129 

Where  130 

Aseif = 1  131 

A�eif = >
� F  132 

A>eif = p− >
� F − Mq  133 

A�eif = >
� F ′′  134 

A(eif = (�
� KF ′M> − >

� FF ′′ + λ\θ + λWφ)  135 

Equation (8) can be   expressed as 136 

Csθ
′′ + C�θ

′ + C>θ + C� = 0                                                                                                                    -- (13) 137 

Where 138 

 Cseif = 1 + N\  139 

C�eif = >
� P\f  140 

C>eif = −P\f ′  141 

And equation (9) can be expressed as 142 

Esφ
′′ + E�φ

′ + E>φ = 0                                                                                                                           -- (14) 143 

Where  144 

Eseif = 1  145 

E�eif = − >
� SWf  146 

 E>eif = SWKf ′M  147 

 148 

Using implicit finite difference formulae, the equations (12),(13) and (14) are transformed to 149 

 Bseiffei + 2f + B�eiffei + 1f + B>eiffeif + B�eiffei − 1f + B(eif = 0                                                           -- (15) 150 

Where  151 
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Bseif = 2Aseif, B�eif = −6Aseif + 2hA�eif + h>A>eif   152 

B>eif = 6Aseif − 4hA�eif + 2h�A�eif,  B�eif = −2Aseif + 2hA�eif − h>A>eif  153 

B(eif = 2h�A(eif  154 

Dseifgei + 1f + D�eifgeif + D>eifgei − 1f = 0                                                                                            -- (16) 155 

Where  156 

Dseif = Cseif + hC�eif, D�eif = −2Cseif + h>C>eif − hC�eif  157 

D>eif = Cseif  158 

Hseifφei + 1f + H�eifφeif + H>eifφei − 1f = 0                                                                                          -- (17) 159 

Where 160 

Hseif = Eseif + hE�eif, H�eif = −2Eseif + h>E>eif − hE�eif  161 

H>eif = Eseif  162 

Here h represents the mesh size in η direction. 163 

Equations (15), (16) and (17) are solved under the boundary conditions (10) by Thomas algorithm for 164 

various parameters entering into the problem and computations were carried out by using C 165 

programming. 166 

 167 
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Fig3: Concentration profiles for different values of  M 
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Fig 9: The effects of λC on Concentration profiles
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 194 

RESULTS AND DISCUSSIONS: 195 

A parametric study is performed to explore the effects of magnetic field parameter, Buoyancy parameter, 196 
and Thermal radiation parameter. In order to get a clear insight of the physical problem, numerical results 197 
are displayed with the help of graphical illustrations. The effect of magnetic field parameter on 198 
dimensionless velocity, temperature and concentration profiles with constant, buoyancy parameter, 199 
thermal radiation parameter, suction parameter, prandtl number and Schmidt number are presented in 200 
Fig. (1-3). It is observed that the velocity of the fluid decreases with the increase in magnetic field 201 
parameter where as temperature and concentration increases 202 

Fig. (4-9) demonstrates the dimensionless velocity, temperature and concentration profiles for different 203 
values of buoyancy parameters (λT , λC)with constant thermal radiation parameter, suction parameter, 204 
prandtl number and Schmidt number  and the uniform magnetic field. It is seen that the velocity increases 205 
with the increase of buoyancy parameter. Whereas temperature and concentration decreases 206 

Fig. (10-12) illustrates the dimensionless velocity, temperature and concentration profiles for different 207 
values of Thermal radiation parameter Nr with constant Buoyancy parameter, suction parameter, prandtl 208 
number and Schmidt number and the uniform magnetic field. It is seen that the velocity and temperature 209 
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of fluid increases with the increase of Nr. whereas concentration decreases. But concentration variation is 210 
very low. 211 
 212 
The effect of Schmidt number on the dimensionless velocity, temperature and concentration profiles for 213 
constant Buoyancy parameter, suction parameter, prandtl number and  the uniform magnetic field as 214 
shown in Fig. (13-15). It is observed that velocity and concentration of fluid are deceases and 215 
temperature increases with increase of Schmidt number 216 
 217 
From Fig. (16-17) illustrates the dimensionless velocity, and temperature profiles for different values of 218 
prandtl number with constant Buoyancy parameter, suction parameter,  Schmidt number  and the uniform 219 
magnetic field. It is seen that the velocity and temperature of fluid decreases with the increase of prandtl 220 
number 221 
 222 
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