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Abstract   
 

Aim: With a heat source present, this analytical study aims to examine the thermal radiation affects the 

unsteady MHD free convective mass transfer flow through a semi-infinite vertical porous plate with a 

changing suction velocity.  

Study Design: On this plate, a uniform transverse magnetic field is applied perpendicularly. The non-

dimensional governing equations are resolved by applying a simple perturbation technique. 

Place and Duration of Study: Department of Mathematics, The Assam Royal Global University, Guwahati, 

Assam between January 2024 to August 2024. 

Methodology: We allow an infinite vertical porous plate to be passed by a viscous, incompressible fluid that 

is optically thin. The X-axis is introduced along the infinite vertical plate, the Y-axis is normal to the plate, 

and the Z-axis is along the width of the plate in a Cartesian coordinate system (x′,y′,z′). At the beginning, the 

fluid and plate were both at the same temperature (T′∞) and concentration (C′∞) throughout. The 

concentration level at the plate increased to C′w at time t′>0, and the plate temperature was abruptly 

increased to T′w. The plate is subjected to a normal magnetic field that is consistent. The semi-infinite plane 

surface assumptions cause all the flow variables, with the exception of pressure, to be functions of only y′  

and t′. 
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Results: When the Grashof number Gr rises, the fluid velocity increases, but when the Hartmann number M 

rises, it decreases. In the presence of a heat source S, the fluid temperature drops as the radiation parameter Q 

and Prandtl number Pr grow.When the Soret number (Sr) increases, the species concentration at the boundary 

layer increases, but when the chemical reaction parameter (Kr) increases, it drops. 

Conclusion: From the work we have concluded that in presence of heat source, the fluid temperature drops 

with the increament of Prandtl number and Radiation parameter. 

 

 
Keywords: Magnetohydrodynamics; thermal radiation; free convection; porosity. 
 

Nomenclature 
 

𝑢′    : Component of Velocity Along X-axis 

𝑣′    : Component of Velocity Along Y-axis 

𝑡′    : Time 

𝑡      : Non-dimensional Time 

𝜌      : Density of the Fluid 

g     :Acceleration Due to Gravity 

𝑣     :Velocity of the Fluid 

𝑣0    :Scale of the Suction Velocity 

𝜎      :Electrical Conductivity 

𝜐      :Kinematic Viscosity 

𝛽     :Coefficient of Volume Expansion of the Fluid 

𝛽∗    : Coefficient of Thermal Expansion with Concentration 

𝐵0     : Magnetic Induction Parameter 

𝑇     : Temperature of the Fluid 

𝑇∞
/

   : Temperature of the Fluid Far Away from the Plate 

𝑇𝑤
/
   : Temperature of the Plate 

𝐶    : Species Concentration of the Fluid 

𝐶∞
′    : Species Concentration of the Fluid Far Away from the Plate 

𝐶𝑤
′     : Species Concentration of the Fluid Near the Plate 

𝜇      : Coefficient If Viscosity 

𝐶𝑝   : Specific heat at Constant pressure 

𝐾𝑇   : Thermal Conductivity 

𝐷    : Chemical Molecular Diffusivity 

𝐷1   : Thermal Diffusion Ratio 

𝑀    : Hartmann Number 

𝑆𝑟    : Soret Number 

𝑆𝑐   : Schimdt Number 

𝐺𝑟   : Thermal Grashof Number 

𝐺𝑐   :Solutal Grashof Number 

𝑃𝑟   : Prandtl Number 

𝑄    : Radiation Parameter 

𝐾𝑟  : Chemical Reaction Parameter 

𝑞𝑟   : Radiative Heat Flux 

𝐾    : Porosity Parameter 

𝐾1    : First Order Chemical Reaction rate Constant 

𝐾′   :  Permeability of the Porous Media 

𝑆∗    : Coefficient of Heat Source 

𝑆      : Heat source Parameter 
 

1 Introduction 
 

“The study of electrically conducting fluid dynamics in the presence of magnetic fields is known as 

magnetohydrodynamics. In 1970, Hannes Alfvén won the Nobel Prize in Physics for founding the science of 

MHD. The basic idea of MHD is that a flowing conductive fluid can induce current in it, which in turn applies 

forces to the fluid and modifies the magnetic field. Numerous scientific domains have found use for MHD, 
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which has motivated numerous scientists to pursue research on it. Geophysics, plasma physics, and astrophysics 

subjects like magneto-convection and MHD turbulence are among the subjects covered in MHD. It is important 

for biomedical science and biomedical engineering as well.Natural convection is a heat-transfer process where 

fluid motion is not produced by Soret effect or thermal diffusion is the process of transfer of mass due to 

combined effect of concentration and temperature gradient. Many industrial and environmental processes such 

as in evaporation from large open water reservoirs, heating and cooling chambers etc” (Ahmed and 

Choudhury2018).  
 

“The degree to which a material blocks light from flowing through it is known as its optical thickness. The 

dimensions and physical characteristics of the material determine its optical thickness. It is a dimensionless 

quantity represented by the symbol τ. The gas is considered optically thick if τ>>1, and optically thin if τ<<1. A 

gray gas is one whose optical thickness is unaffected by the electromagnetic radiation's wave number. If not, the 

gas is referred to as non-gray gas. Non-gray gases are frequently encountered in the environment” (Sattar1993). 

Thermal radiation is electromagnetic radiation generated by the thermal motion of charged particles in matter. 

Many scientists like Makinde and Mhone (2006) have studied the effects of radiative heat transfer to MHD 

oscillatory flow in a channel filled with saturated porous medium. Ahmed and Shiekh (2016) have also 

investigated in the same field. 
 

Bejan et al. (1984), Ahmed and Choudhury (2018), Sattar (1993) and many others have studied “MHD free 

convective heat and mass transfer flow in a porous medium”. Mythere and Balamurugan (2017) have 

“considered MHD free convective flow with thermal diffusion due to importance of Soret effect in fluid 

motion”. Coogley et al. (1968) have researched on “Differential approximation for radiative heat transfer in a 

Gray gas near equilibrium”. Pal and Talukdar (2010) have analysed “MHD convective heat and mass transfer in 

a boundary layer slip flow past a vertical permeable plate with thermal radiation and chemical reaction by 

perturbation technique”. Similarly, Cookey et al. (2003), Ibrahim et al. (2008) and many other scientists have 

analysed the radiation effect of MHD flows. Balamurugan et al. (2015) have researched “on unsteady MHD free 

convective flow with time dependent suction and chemical reaction in a slip flow regime”. N. Ahmed (2014) 

analysed the effect of chemical reaction on a transient MHD flow past a suddenly started infinite vertical plate 

with thermal diffusion and radiation.  
 

2 Mathematical Formulation 
 

Allow an infinite vertical porous plate to be passed by a viscous, incompressible fluid that is optically thin. The 

X-axis is introduced along the infinite vertical plate, the Y-axis is normal to the plate, and the Z-axis is along the 

width of the plate in a Cartesian coordinate system (x′,y′,z′). At the beginning, the fluid and plate were both at 

the same temperature (T′∞) and concentration (C′∞) throughout. The concentration level at the plate increased 

to C′w at time t′>0, and the plate temperature was abruptly increased to T′w. The plate is subjected to a normal 

magnetic field that is consistent. The semi-infinite plane surface assumptions cause all the flow variables, with 

the exception of pressure, to be functions of only y′ and t′. 
 

 
 

Fig. 1. Physical Configuration 
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2.1 Governing equations 
 

Continuity equation: 

 
𝜕𝑣′

𝜕𝑦′ = 0                           (1) 

 

Momentum equation: 

 
𝜕𝑢′

𝜕𝑡′ + 𝑣′ 𝜕𝑢′

𝜕𝑦′ = 𝑔𝛽(𝑇′ − 𝑇∞
′ ) + 𝑔𝛽∗(𝐶′ − 𝐶∞

′ ) + 𝜐
𝜕2𝑢′

𝜕𝑦′2 −
𝜐

𝑘′ 𝑢′ −
𝜎𝐵0

2

𝜌
𝑢′                                               (2) 

 

Energy equation: 

 
𝝏𝑻′

𝝏𝒕′ + 𝒗′ 𝝏𝑻′

𝝏𝒚′ =
𝑲𝟏

𝝆𝑪𝑷

𝝏𝟐𝑻′

𝝏𝒚′𝟐 −
𝟏

𝝆𝑪𝑷

𝝏𝒒𝒓

𝝏𝒚′+S*(T-T∞ )                                    (3) 

 

Species continuity equation: 

 
𝜕𝐶′

𝜕𝑡′ + 𝑣′ 𝜕𝐶′

𝜕𝑦′ = 𝐷
𝜕2𝐶′

𝜕𝑦′2 + 𝐷1
𝜕2𝑇′

𝜕𝑦′2 − 𝐾1(𝐶′ − 𝐶∞
′ )                                                                                     (4) 

 

 

The corresponding boundary conditions are: 

 

𝑡 > 0, 𝑢′ = 0, 𝑇′ = 𝑇∞
′ + (𝑇𝑤

′ − 𝑇∞
′ )(1 + 𝜀𝑒𝑖𝜔′𝑡′

), 𝐶′ = 𝐶𝑤
′   at  𝑦′ = 0                                              (5) 

 

𝑢′ → 0, 𝑇′ → 𝑇∞
′ , 𝐶′ → 𝐶′ at   𝑦′ → ∞ 

 

with usual meaning of the symbols. 

 

According to Coogley’s model, the radiative heat flux in optically thin non-gray gas near equilibrium is 

specified by 

 
𝜕𝑞𝑟

𝜕𝑦′ = 4𝐼(𝑇′ − 𝑇∞
′ ), where 𝐼 = ∫ (𝐾𝜆)𝑤 (

𝜕𝑒𝜆𝑏

𝜕𝑇′ )
𝑤

𝑑𝜆
∞

0
                                                                             (6) 

 

Using (6) in (3) we get, 

 
𝜕𝑇′

𝜕𝑡′ + 𝑣′ 𝜕𝑇′

𝜕𝑦′ =
𝐾1

𝜌𝐶𝑃

𝜕2𝑇′

𝜕𝑦′2 −
1

𝜌𝐶𝑃
4𝐼(𝑇′ − 𝑇∞

′ )                    (6.1) 

 

It is seen from equation (1) that v′ is a constant. Assuming the suction velocity to be oscillatory we have 

 

𝑣′ = −𝑣0(1 + 𝜀𝐴𝑒𝑖𝜔𝑡)                         (7) 

 

where 𝜀, 𝐴 are small such that 𝜀𝐴 << 1. 

 

The non-dimensional quantities for making the governing equations in dimensionless form are: 

 

𝑦 =
𝑣0𝑦′

𝜐
, 𝑢 =

𝑢′

𝑣0

, 𝑡 =
𝑡′𝑣0

2

4𝜐
, 𝑇 =

𝑇′ − 𝑇∞
′

𝑇𝑤
′ − 𝑇∞

′
, 𝐶 =

𝐶′ − 𝐶∞
′

𝐶𝑤
′ − 𝐶∞

′
, 𝑆𝑐 =

𝜐

𝐷
, 𝑣 =

𝑣′

𝑣0

, 𝐺𝑟 =
𝑔𝛽𝜐(𝑇𝑤

′ − 𝑇∞
′ )

𝑣0
3 , 

𝐺𝑐 =
𝑔𝛽∗𝜐(𝐶𝑤

′ −𝐶∞
′ )

𝑣0
3 , 𝜔 =

4𝜐𝜔′

𝑣0
2 , 𝑀 =

𝜎𝐵0
2𝑣

𝜌𝑣0
2 , 𝐾 =

𝐾′𝑣0
2

𝜐2 , 𝑆𝑟 =
𝐷1(𝑇𝑤

′ −𝑇∞
′ )

𝜐(𝐶𝑤
′ −𝐶∞

′ )
, 𝑃𝑟 =

𝜇𝐶𝑝

𝐾1
,    

𝑄 =
4𝐼𝜐

𝜌𝐶𝑝𝑣0
2  ,  Kr=

𝜐𝐾1

𝑣0
2 , S=

𝑆∗𝜐2

𝐾𝑇𝑣0
2 
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Using the above non-dimensional quantities in the equations (2), (6.1) and (4), the governing equation reduces 

to 
1

4
(

𝜕𝑢

𝜕𝑡
) − (1 + 𝜀𝐴𝑒𝑖𝜔𝑡)

𝜕𝑢

𝜕𝑦
= 𝐺𝑟𝑇 + 𝐺𝑐𝐶 +

𝜕2𝑢

𝜕𝑦2 − (𝑀 +
1

𝐾
) 𝑢                                   (8) 

 
1

4
(

𝜕𝑇

𝜕𝑡
) − (1 + 𝜀𝐴𝑒𝑖𝜔𝑡)

𝜕𝑇

𝜕𝑦
=

1

𝑃𝑟

𝜕2𝑇

𝜕𝑦2 − 𝑄𝑇 +   
𝑆

𝑃𝑟
𝑇                      (9) 

 
1

4
(

𝜕𝐶

𝜕𝑡
) − (1 + 𝜀𝐴𝑒𝑖𝜔𝑡)

𝜕𝐶

𝜕𝑦
=

1

𝑆𝑐

𝜕2𝐶

𝜕𝑦2 + 𝑆𝑟
𝜕2𝑇

𝜕𝑦2 − 𝐾𝑟𝐶                    (10) 

 

The corresponding boundary conditions are: 

 

                                        (11)  

 

3 Method of Solution 
 

The above system of partial differential equation is reduced to ordinary differential equation by taking the 

velocity, temperature and concentration respectively as: 

 

𝑢(𝑦, 𝑡) = 𝑢0(𝑦) + 𝜀𝑒𝑖𝜔𝑡𝑢1(𝑦) + 𝑂(𝜀2) 

𝑇(𝑦, 𝑡) = 𝑇0(𝑦) + 𝜀𝑒𝑖𝜔𝑡𝑇1(𝑦) + 𝑂(𝜀2)                                  (12) 

𝐶(𝑦, 𝑡) = 𝐶0(𝑦) + 𝜀𝑒𝑖𝜔𝑡𝐶1(𝑦) + 𝑂(𝜀2) 

 

Substituting (12) in the equations (8) to (10) and equating the harmonic and non-harmonic terms, and also 

neglecting the higher order terms of ε, we get 

 

𝑢0
″ + 𝑢0

′ − (𝑀 +
1

𝐾
) 𝑢0 = −𝐺𝑟𝑇0 − 𝐺𝑐𝐶0                                  (13) 

 

𝑢1
″ + 𝑢1

′ − (𝑀 +
1

𝐾
+

𝑖𝜔

4
) 𝑢1 = −𝐴𝑢0

′ − 𝐺𝑟𝑇1 − 𝐺𝑐𝐶1                                               (14) 

 

𝑇0
″ + 𝑃𝑟 𝑇0

′ − 𝑃𝑟 𝑄 𝑇0 + 𝑆𝑇0 = 0                                   (15) 

 

𝑇1
″ + 𝑃𝑟 𝑇1

′ − (𝑄 +
𝑖𝜔

4
) 𝑃𝑟 𝑇1 + 𝑆𝑇1 = −𝑃𝑟𝐴𝑇0

′                                (16) 

 

𝐶0
″ + 𝑆𝑐𝐶0

′ − 𝑆𝑐𝐾𝑟𝐶0 = −𝑆𝑐𝑆𝑟𝑇0
″                                   (17) 

 

𝐶1
″ + 𝑆𝑐𝐶1

′ − (𝐾𝑟 +
𝑖𝜔

4
) 𝑆𝑐𝐶1 = −𝐴𝑆𝑐𝐶0

′ − 𝑆𝑟𝑆𝑐𝑇1
″                                 (18) 

 

And the corresponding boundary conditions are- 

 

                                                           

(19)

 
 

By utilizing the perturbation technique to solve equations (13) through (18) and applying boundary conditions 

(19), the corresponding solutions for velocity, temperature, and concentration are 𝑢 = (𝐴6 + 𝐴7)𝑒−𝑚10𝑦 −
𝐴6𝑒−𝑚2𝑦 − 𝐴7𝑒−𝑚6𝑦 + 𝜀𝑒𝑖𝜔𝑡[(𝐴8 + 𝐴9 + 𝐴10 − 𝐴11 −     𝐴12)𝑒−𝑚12𝑦 − 𝐴8𝑒−𝑚2𝑦 − 𝐴9𝑒−𝑚4𝑦 − 𝐴10𝑒−𝑚6𝑦 +
𝐴11𝑒−𝑚8𝑦 + 𝐴12𝑒−𝑚10𝑦]                                                                                                                                  (20) 
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𝑇 = 𝑒−𝑚2𝑦 + 𝜀𝑒𝑖𝜔𝑡[(1 − 𝐴1)𝑒−𝑚4𝑦 + 𝐴1𝑒−𝑚2𝑦]                                                            (21) 

 
𝐶 = (1 + 𝐴2)𝑒−𝑚6𝑦 − 𝐴2𝑒−𝑚2𝑦 + 𝜀𝑒𝑖𝜔𝑡[−(𝐴3 + 𝐴4 + 𝐴5)𝑒−𝑚8𝑦 + 𝐴3𝑒−𝑚2𝑦 + 𝐴4𝑒−𝑚4𝑦 +     𝐴5𝑒−𝑚6𝑦] (22) 

  
Skin Friction: The shear stress in the wall is quantified by the relation- 

 

𝜏 =
𝜕𝑢

𝜕𝑦
]

𝑦=0

 

= −(𝐴6 + 𝐴7)𝑚10 + 𝐴6𝑚2 + 𝐴7𝑚6 + 𝜀𝑒𝑖𝜔𝑡[−(𝐴8 + 𝐴9 + 𝐴10 − 𝐴11 − 𝐴12)𝑚12 + 𝐴8𝑚2 + 𝐴9𝑚4 + 𝐴10𝑚6 −
𝐴11𝑚8 − 𝐴12𝑚10]                                                                            (23) 

 
Nusselt number: The rate of heat transfer at the plate in terms of the Nusselt number based on Fourier’s law of 

heat conduction is expressed as- 

 

𝑁𝑢 =
𝜕𝑇

𝜕𝑦
]

𝑦=0

 

= −𝑚2 + 𝜀𝑒𝑖𝜔𝑡[−(1 − 𝐴1)𝑚4 − 𝐴1𝑚2]                                                                                           (24) 

 
Sherwood number: The rate of concentration in terms of Sherwood number (Sh) is given by the relation-‘ 

 

0y

C
Sh

y
=


= 
 

 

= −(1 + 𝐴2)𝑚6 + 𝐴2𝑚2 + 𝜀𝑒𝑖𝜔𝑡[(𝐴3 + 𝐴4 + 𝐴5)𝑚8 − 𝐴3𝑚2 − 𝐴4𝑚4 − 𝐴5𝑚6]                        (25) 

 
where, 

 

𝑚2 =
𝑃𝑟 + √𝑃𝑟2 − 4(𝑆 − 𝑄𝑃𝑟)

2
,   𝑚4 =

𝑃𝑟 + √𝑃𝑟2 − 4{𝑆 − (𝑄 +
𝑖𝜔

4
) 𝑃𝑟}

2
, 𝑚6 =

𝑆𝑐 + √𝑆𝑐2 + 4𝑆𝑐𝐾𝑟

2
, 

𝑚8 =
𝑆𝑐 + √𝑆𝑐2 + (4𝐾𝑟 + 𝑖𝜔)𝑆𝑐

2
,   𝑚10 =

1 + √1 + 4 (𝑀 +
1

𝑘
)

2
,    𝑁 = 𝑀 +

1

𝑘
+

𝑖𝜔

4
, 

𝑚12 =
1 + √1 + 4𝑁

2
,     𝐴1 =

𝑃𝑟𝐴𝑚2

𝑚2
2 − 𝑃𝑟 𝑚2 − (𝑄 +

𝑖𝜔

4
) 𝑃𝑟 + 𝑆

, 𝐴2 =
𝑆𝑐𝑆𝑟𝑚2

2

𝑚2
2 − 𝑆𝑐𝑚2 − 𝑆𝑐𝐾𝑟

, 

𝐴3 =
(𝑆𝑟𝐴1 − 𝐴𝐴2)𝑆𝑐𝑚2

𝑓1(𝑚2)
, 𝐴4 =

𝑆𝑟𝑆𝑐(1 − 𝐴1)𝑚4

𝑓1(𝑚4)
,    𝐴5 =

𝐴𝑆𝑐𝑚6(1 + 𝐴2)

𝑓1(𝑚6)
, 

𝑓1(𝑥) = 𝑥2 − 𝑆𝑐𝑥 − (𝐾𝑟 +
𝑖𝜔

4
) 𝑆𝑐, 𝐴6 =

𝐺𝑟 − 𝐺𝑐𝐴2

𝑓2(𝑚2)
,  𝐴7 =

𝐺𝑐(1 + 𝐴2)

𝑓2(𝑚6)
,   𝑓2(𝑥)

= 𝑥2 − 𝑥 − (𝑀 +
1

𝑘
), 

𝐴8 =
𝐴𝐴6𝑚2 + 𝐺𝑟𝐴1 + 𝐺𝑐𝐴3

𝑓3(𝑚2)
,    𝐴9 =

𝐺𝑟(1 − 𝐴1) + 𝐺𝑐𝐴4

𝑓3(𝑚4)
,     𝐴10 =

𝐴𝐴7𝑚6 + 𝐺𝑐𝐴5

𝑓3(𝑚6)
, 

𝐴11 =
𝐺𝑐(𝐴3 + 𝐴4 + 𝐴5)

𝑓3(𝑚8)
, 𝐴12 =

𝐴(𝐴6 + 𝐴7)𝑚10

𝑓3(𝑚10)
,   𝑓3(𝑥) = 𝑥2 − 𝑥 − 𝑁. 

 

4 Results and Discusion 
 

The physical depth of the problem is analyzed by studying graphically the effects of various parameters like 

Thermal Grashof number (Gr), Hartmann number(M), Radiation parameter(Q) etc. on velocity, temperature, 

concentration, Skin Friction, Nusselt number and Sherwood number which are shown in Fig. 2-10. 
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Fig. 2 shows that velocity rises as Gr increases. As seen in Fig. 3, fluid flow decreases in the presence of a 

magnetic field. This is due to the fact that the presence of magnetic field generates the resistive Lorentz force, 

which slows the fluid's speed. As radiation parameter Q rises, Fig. 4 shows how the temperature's magnitude 

increases. In Fig. 5 it is seen  that a rise in pressure causes the fluid temperature to decrease. This is because heat 

diffuses from the heated plate more quickly with smaller values of Pr than with higher values of Pr since smaller 

values of Pr in improve the thermal conductivities. It is observed that the rise in temperature reduces the species 

concentration in the boundary layer. From Figs.6 and 7, it is observed that concentration decreases with Kr and 

increases as Sr increases 

 
Fig. 8 shows that when Hartmann number M increases, the skin friction magnitude decreases.                                    

As Fig. 9 illustrates, the rate of heat transfer Nu increases significantly with increasing radiation                         

parameter Q. Fig. 10 shows that the radiation parameter Q has an effect on the rate of mass transfer Sh at the 

plate. 

 

  
 

Fig. 2. Velocity profile versus y for variation in 

𝑮𝒓 when𝑸=5, 𝑴=20, 𝑲=20, 𝑺𝒄=0.7, 𝑺𝒓=10, 

𝑮𝒄=5, 𝑲𝒓=1, 𝑷𝒓=0.71, ε=0.01, ω=2, 

𝑨=0.01, 𝒕=0.2 

 

Fig. 3. Velocity profile versus y for variation in 

𝑴when𝑸=5, 𝑲=20, 𝑺𝒄=0.7, 𝑺𝒓=10, 𝑮𝒄=5, 𝑲𝒓=1, 

𝑮𝒓=5, 𝑷𝒓=0.71, ε=0.01, ω=2, 𝑨=0.01, 𝒕=0.2 

 
 

 

Fig. 4. Temperature profile versus y for 

variation in 𝑸 when 𝑷𝒓=0.71, ε=0.01, ω=2, 

𝑨=0.01, 𝒕=0.2, 𝑺=5 

 

Fig. 5. Temperature profile versus y for variation 

in 𝑷𝒓 when 𝑸=5, ε=0.01, ω=2, 𝑨=0.01, 𝒕=0.2, 𝑺=5 
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Fig. 6. Concentration profile versus y for 

variation in𝑲𝒓when 𝑷𝒓=0.71,𝑺𝒓=10, 𝑺𝒄=0.7, 

𝑸=5, ε=0.01, ω=2, 𝑨=0.01,𝒕=0.2 

Fig. 7. Concentration profile versus y for variation 

in 𝑺𝒓 when𝑷𝒓=0.71, 𝑲𝒓=1, 𝑺𝒄=0.7,𝑸=5, 

ε=0.01,ω=2,𝑨=0.01, 𝒕=0.2 

  
 

Fig. 8. Skin friction versus 𝒕 for variations in M 

when Q=5, Gc=5, Sr=10, Sc=0.7, Gr=5, K=20, 

Pr=0.71, Kr=1, ε=0.01, ω=2, A=0.01 

 

 

Fig. 9. Nusselt number versus t for variation in Q 

when Pr=0.71, ε=0.01, ω=2, A=0.01 

 
 

Fig. 10. Sherwood number versus t for variation in Q when Sr=10, Sc=0.7, Pr=0.71, Kr=1, ε=0.01, ω=2, 

A=0.01 
Note: Fig. 8-10 shows less effects of the parameters on Skin Friction, Nusselt number and Sherwood number. There is no 

such physical interpretation. The graphs has been the result of analytical vaues which we have taken. 
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5 Conclusions 
 

i. When the Grashof number Gr rises, the fluid velocity increases, but when the Hartmann number M rises, 

it decreases 

ii. In the presence of a heat source S, the fluid temperature drops as the radiation parameter Q and Prandtl 

number Pr grow. 

iii. When the Soret number (Sr) increases, the species concentration at the boundary layer increases, but 

when the chemical reaction parameter (Kr) increases, it drops. 
 

Scope for Future Work 
 

The project can be extended by adding some terms to the governing equations and to find its applications in 

scientific fields. 
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