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Abstract: This study investigates the impact of MHD, variable viscosity, thermal-diffusion, and 

diffusion-thermo effects with the heat source on mixed convection of heat and mass transfer over an 

accelerating surface. The physical problem's governing equations involve a coupled non-linear partial 

differential equations, which are transformed to a coupled non-linear ordinary differential equations 

using a suitable similarity transformation. Numerical computation using shooting technique is adopted 

to study the physical characteristics of velocity, temperature, and concentration for various values of 

non-dimensional parameters like thermal diffusion parameter, diffusion-thermo parameter, viscosity 

parameter, Prandtl number, and strength of the magnetic field are involved in the problem. The obtained 

numerical results are found to be a good agreement with the earlier works.  
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( )    : Dimensionless temperature in PSTC case 
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 ( )h      : Dimensionless concentration in PWHCF case        
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1. Introduction 

In the literature survey, several authors come across fluid properties that are not affected 

by the physical parameters like position, time, temperature, and concentration. Many 

researchers have mathematically investigated most of the applications in various fields like 

nuclear waste materials, chemical catalytic reactors, wet-bulb thermometers, geothermal 

system, food processing, and polymer solution. The researchers have also considered the 

constant fluid properties without accelerating surface in many industrial and engineering 

applications. The fluid flow over an accelerating surface is important in many practical 

applications such as extrusion of plastic sheets, metal spinning, paper production, glass 

blowing, drawing plastic films, and spinning of fibers, continuous casting of metals, thermal 

insulation, drying of solids, enhanced oil recovery, and many others. In our day to day life, the 

combined heat and mass transfer phenomena are observed in the crop damage due to freezing, 

distribution of temperature and moisture over agricultural fields, formation and dispersion of 

fog, groves of fruit trees, and environmental pollution. 

Lai and Kulacki [1] examined the convective heat transfer flow under the influence of 

variable fluid viscosity about a porous vertical flat surface in the presence of a saturated porous 

medium. Mixed double-diffusive convective flows with MHD have a broad range of 

applications in the area of aeronautical plasma flows, planetary and stellar magnetospheres, 

electronics, and chemical engineering. The coupled heat and mass transfer by free convection 

on a steady MHD convective flow through a saturated porous medium with a heat source, 

subjected to constant heat flux, and Acharya et al. [2] analyzed constant suction velocity over 

a vertical infinite flat surface. Further, Seddeek [3] examined an unsteady MHD convective 

flow by natural convection past an upward direction of a semi-infinite plate with a transverse 

magnetic field along with effects of variable viscosity and radiation. Later, Das et al. [4] studied 

the natural convective magneto-nanofluid flow and radiative heat transfer past a moving 

vertical plate. 

In theoretical and experimental studies, it has been observed that the concentration 

gradients play a role in creating an energy flux along with temperature gradients; these 

activities can be observed in petroleum, chemical engineering processes, isotope separation, 

and many more applications. In nature, the presence of pure air (real gases) or pure water (real 

fluids) is impossible, i.e., the air or water is mixed with some foreign concentration or mass. 

Eckert and Drake [5] first explained the effects of Dufour (thermal-diffusion) and Soret 

(diffusion-thermo), i.e., the study between the mixture of gases with light molecular weight 

and medium molecular weight. Later, Kafoussias and Williams [6] studied the effects of Soret 

and Dufour on simultaneous heat and mass transfer convective flow in the presence of 

temperature-dependent fluid viscosity. Further, Seddeek [7] investigated the effects of 

temperature-dependent fluid viscosity on mixed double-diffusive convective flow with suction 

and blowing over an accelerating flat surface in the presence of Soret and Dufour effects. 

Gnaneswara Reddy et al. [8] presented Soret and Dufour's effects on both a steady and 

unsteady free convective MHD flow with viscous dissipation past a semi-infinite accelerating 

vertical flat plate through an embedded porous medium by finite element analysis. Later, 

Girinath Reddy et al. [9-10] studied the effects of variable viscosity and porosity of fluid. Soret 
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and Dufour mixed double-diffusive convective flow over an accelerating surface with internal 

heat generation. Ullah Khan et al. [11] analyzed Soret and Dufour's effects on the unsteady 

flow of electrically conducting Eyring-Powell fluid over an oscillatory stretching sheet by 

using convective boundary conditions. Further, Soret and Dufour's effects on thermophoresis 

MHD radiative flow and heat transfer over a non-linear stretching sheet under chemical 

reaction have been investigated by Shalini Jain et al. [12]. Soret and Dufour effects on MHD 

heat and mass transfer of Walter’s-B viscoelastic fluid over a semi-infinite vertical plate are 

considered by Idowu et al. [13]. The combined effects of non-Darcy and 

magnetohydrodynamic (MHD) forces on free convection of non-Newtonian fluids over a 

vertical permeable plate through porous medium with thermal radiation, Soret and Dufour 

effects have been studied by Huang [14]. 

Suresh Babu et al. [15] investigated the effects of the double double-diffusive mixed 

convective flow of an incompressible viscous fluid numerically through a vertical heated plate 

embedded in a non-Darcy porous medium under the influence of variable fluid properties. Irfan 

et al. [16] explained the features of nanoparticles mass flux conditions and non-uniform heat 

sink/source on magnetite Oldroyd-B nanofluid. Additionally, heat convective and thermal 

radiation mechanisms are considered. Jawad Ahmed et al. [17] explored the heat and mass 

transfer mechanisms by incorporating the features of energy and mass fluxes caused by mass 

concentration and temperature gradients. Further, space and temperature-dependent heat 

source/sink influence are considered on fluid thermal characteristics. Further, heat and mass 

transfer for a Forchheimer model of electrically conducting fluid with Soret and Dufour effects 

over a vertical heated plate is studied by Nalinakshi et al. [18]. Sravan Kumar et al. [19] gave 

a theoretical analysis to draw out the flow characteristics of free convective nanofluid flow 

along with an exponentially accelerating vertical plate in the presence of a magnetic field.  

Veera Krishna et al. [20] made elaborate scrutiny on the Soret and Joule effects of MHD 

mixed convective flow of an incompressible and electrically conducting viscous fluid past an 

infinite vertical porous plate taking Hall effects into account. Shankar Goud et al. [21] focused 

on unsteady natural convection MHD flow with heat and mass transfer past an inclined plate. 

Sohaib Abdal et al. [22] have investigated the multislip effects on the magnetohydrodynamic 

(MHD) mixed convection unsteady flow of micropolar nanofluids over a stretching/shrinking 

sheet along with radiation in the presence of a heat source. Tijani Yusuf et al. [23] studied the 

time-varying hydromagnetic chemically reacting free convective flow of a viscous, 

incompressible radiating fluid past an infinite oscillating vertical plate with variable surface 

conditions subject to transverse magnetic field in the presence of temperature-dependent heat 

source. Soret and Dufour effects are taken into consideration. Sreedhar et al. [24] examined the 

two-dimensional, unsteady, laminar, magnetohydrodynamic free convective flow through a 

porous medium past a vertical plate in the presence of heat absorption and chemical reaction is 

considered. The Dufour effect is taken into account, and the free stream velocity is supposed 

to follow the exponentially increasing small perturbation law. Anantha Kumar Kempannagari 

et al. [25] examined the convective heat transfer characteristics on magnetohydrodynamic 

stagnation point flow of micropolar fluid past an exponentially curved surface. The flow is 

supposed to be laminar and time‐independent. Ayegbusi Florence et al. [26] investigated the 

problem of unsteady magnetohydrodynamic heat plus mass transfer convective flow over a 

moveable vertical plate with the influence of thermophoresis and thermal radiation. 

Dinesh et al. [27] examined the effects of Forchheimer and radiation adsorption on 

MHD double-diffusive unsteady dusty viscoelastic Couette flow in an irregular channel with 
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chemical reaction. Basavaraj et al. [28] investigated a non-linear mixed convective oscillatory 

flow embedded with a semi-infinite vertical porous plate in the presence of a uniform magnetic 

field. Uma et al. [29] studied Forchheimer, Soret, and Dufour's combined effects on free-forced 

convective dusty viscoelastic Couette flow in an irregular channel under a constant magnetic 

field. Thermo-diffusion (Soret effect) and diffusion-thermo (Dufour effect) effects on double-

diffusive natural convection induced in a horizontal Brinkman porous layer with a stress-free 

upper boundary are investigated by Ismail Filahi et al. [30]. In the present study, the main 

novelty is to study numerically the effects of Soret and Dufour on MHD mixed convection heat 

and mass transfer over an accelerating surface with a heat source in the presence of 

temperature-dependent fluid viscosity subjected to two different conditions PSTC and 

PWHCF. 

2. Materials and Methods 

 2.1. Mathematical formulation of the problem. 

 We consider a steady (i.e., independent of time), two-dimensional along with 𝑥 & 𝑦 

coordinate axes and double-diffusive (temperature and concentration/species) mixed (free & 

forced) convection for an electrically conducting, incompressible, laminar, viscous fluid flow 

under the effect of a uniform transverse magnetic field applied in the upward direction to the 

flat plate. The flow under consideration of the fluid is due to the external force exerted by the 

vertical plate's accelerating surface. Here, the coordinate 𝑥 -axis runs along with the vertical 

plate and 𝑦 -axis is perpendicular to the vertical flat plate, and acceleration due to gravity plays 

in the opposite direction to the 𝑥 –axis. The linear velocity 𝑢 = 𝑏𝑥 along𝑥 -axis which is due 

to accelerating surface and 𝑣 = 𝑣𝑤 is a constant injection velocity along 𝑦 -direction is 

maintained. The physical configuration and the coordinate system of the fluid flow are shown 

in Figure 1, and for this physical system of the fluid flow, the following assumptions are made: 

(i) effects of Soret (diffusion-thermo) and Dufour(thermal-diffusion) are taken into account; 

(ii) Joule effect and Lorentz’s force are considered; (iii) the molecular transport properties like 

thermal conductivity and diffusivity are considered as constant; (iv) chemical reactions are not 

taking place between fluid and species; (v) the variable viscosity is inversely proportional to a 

linear function of temperature, which is in the form of  
1

𝜇
=  

1

𝜇∞
[1 + 𝛾(𝑇 − 𝑇∞)] or  

1

𝜇
=

𝑎(𝑇 − 𝑇𝑟), (See Lai and Kulacki [1]) where a =
𝛾

𝜇∞
,  𝑇𝑟 = 𝑇∞ −  

1

𝛾
 . 

 
Figure 1. Physical configuration. 
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Under all the above assumptions along with Boussinesq approximation, the governing 

equations are given by: 
𝜕𝑢

𝜕𝑥
+

𝜕𝑣

𝜕𝑦
= 0,                                                                                        (1) 

𝑢
𝜕𝑢

𝜕𝑥 
+ 𝑣

𝜕𝑢

𝜕𝑦
=

1

𝜌 

𝜕

𝜕𝑦  
(𝜇

𝜕𝑢

𝜕𝑦
) +  𝑔𝛽𝑇(𝑇 − 𝑇∞) − 𝑔𝛽𝐶(𝐶 − 𝐶∞) −

𝜎𝑚𝐵0
2𝑢

𝜌
,                               (2) 

𝑢
𝜕𝑇

𝜕𝑥
+ 𝑣

𝜕𝑇

𝜕𝑦
 =  

𝑘

𝜌𝐶𝑝

𝜕2𝑇

𝜕𝑦2 +
𝐵𝑢

𝜌𝐶𝑝
(𝑇∞ − 𝑇) −

𝜎𝑚𝐵0
2𝑢2

𝜌𝑐𝑝
 +  

𝐷𝑚𝐾𝑇

𝐶𝑠𝐶𝑝  

𝜕2𝐶

𝜕𝑦2 ,                                      (3) 

𝑢
𝜕𝐶

𝜕𝑥
+ 𝑣

𝜕𝐶

𝜕𝑦
=  𝐷𝑚

𝜕2𝐶

𝜕𝑦2 +   
𝐷𝑚𝐾𝑇

𝑇𝑚

𝜕2𝑇

𝜕𝑦2 ,                                                                 (4) 

and the viscosity parameter 𝜃𝑟 is defined by Seddeek[3], 

𝜃𝑟 =  
𝑇𝑟− 𝑇∞

𝑇𝑤− 𝑇∞
 =  − 

1

𝛾(𝑇𝑤− 𝑇∞)
.                                                                 (5) 

where the velocity components in the direction of 𝑥 𝑎𝑛𝑑 𝑦 are respectively 𝑢 𝑎𝑛𝑑 𝑣, 𝐶𝑝 (is the 

specific heat at constant pressure), 𝜌 (is the free stream density), 𝜇 (is the fluid viscosity),  𝑔 

(is the acceleration due to gravity), T (is the temperature inside the boundary layer), βT (is the 

coefficient of thermal expansion), βC (is the coefficient of expansion with concentration), 𝐶 (is 

the concentration of the foreign fluid inside the boundary layer, 𝑘 (is the thermal conductivity), 

𝐷𝑚(is the coefficient of mass diffusivity), 𝑇𝑚(is the mean fluid temperature), 𝐾𝑇 (is the thermal 

diffusion ratio) and 𝐶𝑠 (is the concentration susceptibility), 𝐵𝑢(𝑇∞ − 𝑇) is assumed to be the 

amount of heat generated or absorbed per unit volume, here 𝐵 is a constant depends on heat 

source or sink. 𝑇∞ is the ambient temperature, 𝐶∞ is the ambient concentration, 𝐵0 is the 

uniform transverse magnetic field, 𝜎𝑚 is the electrical conductivity. 𝑎,  𝑇𝑟 are the constants 

depends on the thermal property of the fluid 𝛾, 𝑇𝑤 is the accelerating wall temperature. 

To analyze the flow characteristics of the physical system for different boundary 

conditions, we considered in two different manners: (i) PSTC (Prescribed Surface Temperature 

and Concentration) and (ii) PWHCF (Prescribed Wall Heat and Concentration Flux). 

 (i) Prescribed Surface Temperature and Concentration (PSTC) Case. 

In this case, the temperature and concentration of the boundary surface of the vertical 

plate at every point are considered as a polynomial of degree ‘ 𝑟’ and the corresponding 

boundary conditions on velocity, temperature, and concentration profiles are given by: 

𝑢 = 𝑏𝑥,   𝑣 = 𝑣𝑤,   𝑇𝑤 = 𝑇∞ +  𝐴0𝑥𝑟 ,   𝐶𝑤 = 𝐶∞ + 𝐴1𝑥𝑟      𝑎𝑡  𝑦 = 0,                          (6) 

𝑢 = 0,   𝑇 =   𝑇∞ ,   𝐶 =   𝐶∞       𝑎𝑠  𝑦 → ∞,                                         (7) 

where‘𝑏’ is the stretching rate of accelerating surface and 𝐴0&𝐴1 are choosing constants. The 

governing equations (1) - (4) of the physical model can solve numerically by introducing the 

following similarity variable ηand the non-dimensional variables 𝑓, 𝜃, 𝐻. (See Acharya et al. 

[2]). 

𝜓 = (𝑣𝑏)
1

2𝑥𝑓(𝜂),    𝜂 =  (
𝑏

𝑣
)

1

2
𝑦 ,    𝜃(𝜂) =  

𝑇−𝑇∞

𝑇𝑤−𝑇∞
 ,    𝐻(𝜂) =  

𝐶−𝐶∞

𝐶𝑤−𝐶∞
 ,                                             (8) 

where the stream function 𝜓(𝑥, 𝑦) is defined in such way that  𝑢 =  
𝜕𝜓

𝜕𝑦
 𝑎𝑛𝑑 𝑣 = −

𝜕𝜓

𝜕𝑥
  and the 

following are the corresponding components of velocity.  

𝑢 = 𝑏𝑥𝑓′(𝜂),   𝑣 =  −(𝑏𝑣)
1

2 𝑓(𝜂).                                                                 (9) 

Substituting Eqs. (8) & (9) in Eqs. (2) - (4), we obtained the transformed non-

dimensional non-linear coupled ordinary differential equations as follows: 

𝑓′′′ − (
1

𝜃−𝜃𝑟
) 𝜃′𝑓′′ − (

𝜃

𝜃𝑟
− 1) (𝑓𝑓′′ − 𝑓′2

) + 𝑀2𝑓′ (
𝜃

𝜃𝑟
− 1) = (

𝜃

𝜃𝑟
− 1) (𝐺𝑠 𝜃 −  𝐺𝑐 𝐻),       
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                                                                                                                                               (10) 

𝜃′′ +  𝑃𝑟 𝑓𝜃′ − (𝑟 + 𝛿)𝑃𝑟  𝑓′𝜃 =  −𝑃𝑟 𝐷𝑓 𝐻′′ + 𝐸𝑀2 𝑃𝑟𝑓′2
,                                          (11) 

𝐻′′ + 𝑆𝑐𝑓𝐻′ − 𝑟𝑆𝑐𝑓′𝐻 = −𝑆𝑐𝑆𝑟𝜃′′,                                                             (12) 

and the appropriate non-dimensional transformed boundary conditions are:                          

𝑓(0) = −
𝑣𝑤

(𝑏𝑣)
1
2

=  −𝑚 ,    𝑓′(0) =  1 ,     𝜃 =  1,      𝐻 = 1       𝑎𝑡  𝑦 = 0,                        (13) 

𝑓′ = 0 ,    𝜃 =  0,    𝐻 = 0         𝑎𝑠     𝑦 → ∞.                                                             (14) 

 (ii) Prescribed Wall Heat and Concentration Flux (PWHCF) Case. 

For this case, the corresponding boundary conditions on velocity, temperature, and 

concentration profiles are as follows: 

𝑢 = 𝑏𝑥,    𝑣 = 𝑣𝑤 ,   − 𝑘
𝜕𝑇

𝜕𝑦
= 𝑞𝑤𝐸0𝑥𝑠, −𝐷

𝜕𝐶

𝜕𝑦
=  𝑚𝑤𝐸1𝑥𝑠       𝑎𝑡  𝑦 = 0,                        (15) 

𝑢 = 0, 𝑇 =   𝑇∞ , 𝐶 =   𝐶∞     𝑎𝑠   𝑦 → ∞,                                                  (16) 

where 𝐸0, 𝐸1 are choosing constants, ‘𝑠’ is the parameter of heat flux.  

The similarity variable η and the non-dimensional variables 𝑓, 𝑔, ℎ introduced by 

Acharya et al. [2] to transform the Eqs. (1) -(4). 

𝜓 = (𝑣𝑏)
1

2𝑥𝑓(𝜂),   𝜂 =  (
𝑏

𝑣
)

1

2
𝑦 , 𝑇 − 𝑇∞ =  

𝐸0𝑥𝑠

𝑘
(

𝑣

𝑎
)

1

2
𝑔(𝜂), 𝐶 − 𝐶∞ =  

𝐸1𝑥𝑠

𝐷
(

𝑣

𝑎
)

1

2
ℎ(𝜂),       (17) 

Substituting Eqs. (9) & (17) in Eqs. (2) - (4), we obtained the transformed non-

dimensional non-linear coupled ordinary differential equations as follows: 

𝑓′′′ − (
1

𝑔 − 𝑔𝑟
) 𝑔′𝑓′′ − (

𝑔

𝑔𝑟
− 1) (𝑓𝑓′′ − 𝑓′2

) + 𝑀2𝑓′ (
𝑔

𝑔𝑟
− 1) = (

𝑔

𝑔𝑟
− 1) (𝐺𝑠 𝑔 −  𝐺𝑐 ℎ),                                          

                                                                                                                                               (18) 

𝑔′′ +  𝑃𝑟 𝑓𝑔′ − (𝑠 + 𝛿)𝑃𝑟  𝑓′𝑔 =  −𝑃𝑟 𝐷𝑓 ℎ′′ + 𝐸𝑀2 𝑃𝑟 𝑓′2
,                                    (19) 

ℎ′′ + 𝑆𝑐𝑓ℎ′ − 𝑠𝑆𝑐𝑓′ℎ = −𝑆𝑐𝑆𝑟𝑔′′,                                                                         (20) 

The appropriate non-dimensional transformed boundary conditions are: 

𝑓(0) = −
𝑣𝑤

(𝑏𝑣)
1
2

=  −𝑚 ,    𝑓′(0) =  1 ,    𝑔 =  −1,   ℎ = −1         𝑎𝑡     𝑦 = 0,                      (21) 

𝑓′ = 0 ,    𝜃 =  0,    𝐻 = 0         𝑎𝑠    𝑦 → ∞.                                                  (22) 

where prime represents differentiation with respect to 𝜂 and the non-dimensional parameters 

involved in the above equations are defined in nomenclature. 

2.2. Method of solution. 

For the PSTC case, the Eqs. (10) - (12) along with the boundary conditions (13) & (14) 

are the functions of  𝑓(𝜂), 𝜃(𝜂) & 𝐻(𝜂) and similarly for the PWHCF case, the Eqs. (18) - 

(20) along with the boundary conditions (21) & (22) are the functions of 𝑓(𝜂), 𝑔(𝜂)  &  ℎ(𝜂) 

and which are to be determined. Since the ODE’s are highly non-linear, coupled, and involved 

variable coefficient like transcendental terms as well as the corresponding boundary conditions 

so that the known methods pertaining to the analytical nature of the solution cannot be applied. 

To overcome the difficulty raised in the analytical method here, we adopt the numerical method 

to find the solution by transforming the higher-order coupled non-linear ODE’s into a system 

of first-order ODE’s and these first-order ODE’s can be solved by Runge-Kutta-Fehlberg 

explicit method and second-order accuracy of Newton-Raphson method. The combination of 

these two numerical techniques to estimate an approximate solution to the problem is referred 

to as the shooting technique. We developed these computations using software like Mat Lab. 
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The computational work is carried out for an accuracy of 10-6, i.e., the difference between the 

two iterative successive values is less than the prescribed accuracy of 10-6. 

3. Results and Discussion 

The main aim of the present work is to understand the effect of the external constraint 

of magnetic field on the characteristics of velocity, temperature, and concentration over an 

accelerating surface under the influence of temperature-dependent viscosity; the study of 

thermal diffusion and diffusion thermal convection in both the cases of PSTC and PWHCF. 

The numerical results of these equations are drawn using Mat Lab software and which are 

represented graphically in Figures 2-15 to illustrate the variations of physical parameters like 

Hartmann number, viscosity parameter, Prandtl number, Eckert number, buoyancy parameters 

(both thermal and mass), Soret and Dufour numbers. In all computations, we employ the fixed 

values of non-dimensional parameters 𝑃𝑟 = 0.7,    𝐸 = 1,    𝑀 = 0.5,   𝐺𝑠 = 0.1,     𝐺𝑐 =

0.1,     𝜃𝑟 = 3.0,     𝑔𝑟 = 3.0,      𝐷𝑓 = 0.5,     𝑆𝑟 = 0.2,     𝑆𝑐 = 0.6,     𝑟 = 1,   𝑠 =  1,    𝛿 =

– 5.0,   𝑚 = – 0.5 in entire study except the varied values as displayed in respective figures. 

The present numerical results are compared with the published data in the absence of a 

magnetic field, i.e., for 𝑀 = 0.0, and found to be in good agreement with the earlier work of 

Seddeek [7]. 

3.1. Effect of viscosity parameter(𝜃𝑟). 

The numerical results for dimensionless velocity, temperature, and concentration for 

various values viscosity parameter 𝜃𝑟 are graphed in Figures 2-4, respectively. The 

enhancement of the viscosity parameter 𝜃𝑟 diminishes the flow velocity, and the decrement is 

more in the case of PSTC compare to that of PWHCF case; this is because of the heat transfer 

between far away from the moving vertical plate and the wall is decreased or the higher 

viscosity reduces the fluid flow rate, which is shown in Figure 2. But we can observe the 

opposite behavior of temperature profile with an increase of the viscosity parameter 𝜃𝑟 in 

Figure 3. With an increase of temperature, the fluid becomes lighter, and hence the heat transfer 

is less in the case of PSTC compared to that of PWHCF case. Similarly, the effect of the 

viscosity parameter 𝜃𝑟 is very low in the case of concentration because of how the viscosity 

parameter 𝜃𝑟 indirectly affects the concentration through temperature and momentum 

equations, which is shown in Figure 4.  

3.2. Effect of Prandtl number(𝑃𝑟). 

The change of the Prandtl number is due to variations of thermal diffusivity or viscosity. 

The enhancement of fluid viscosity decelerates the flow velocity of the fluid and the 

temperature of the fluid, illustrated in Figures 5 and 6, respectively. Whereas quite the opposite 

trend is observed from Figure 7 in the case of concentration profile, i.e., with the higher values 

of Prandtl number  𝑃𝑟 results thin the reduction of mofluid flow movement, the dimensionless 

concentration gradually increases. 

3.3. Effect of Hartmann number(𝑀). 

In Figure 8, it is observed that with the enhancement of Hartmann number𝑀reduces the 

velocity due to stretching of the fluid and due to the Lorentz force, which resists the flow 
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velocity of the fluid. An opposite behavior can be observed in the case of temperature and 

concentration profiles for variation in Hartmann number from Figures 9 and 10, respectively. 

The flow temperature increases due to an enhancement of the magnetic field's intensity, and 

hence it reduces the rate of heat convection and concentration in the fluid flow, for very small 

values of the Hartmann number 𝑖. 𝑒. 𝑀 = 0.0, our present results are satisfied with the earlier 

work of Seddeek [7]. Finally, it is concluded that the effect of Hartmann number 𝑀 is more in 

the case of PWHCF and compared with that of PSTC case for velocity, temperature, and 

concentration profiles because of adiabatic and boundary conditions maintained at the 

accelerating wall. 

3.4. Effect of Soret and Dufour numbers(𝑆𝑟 &𝐷𝑓). 

The variation of dimensionless temperature and concentration is depicted in Figures 11 

and 12, respectively, for different values of Soret number 𝑆𝑟. The enhancement of Soret 

number due to the increase in the temperature difference ∆𝑇; while concentration difference 

kept as constant or decreased in the concentration difference ∆𝐶; while the temperature 

difference kept as constant. Similarly, the variations of dimensionless velocity and temperature 

for different values of Dufour number are represented by Figures 13 and 14, respectively. In 

this case, the increases of Dufour number due to higher values of ∆𝐶 or lower values of 

∆𝑇results increase the flow velocity and temperature of the fluid. Whereas in the case of 

concentration profile, a reverse trend can be observed from Figure 15.  Here, Soret and Dufour 

numbers' effect is very less on velocity profile for both cases than that of the temperature and 

concentration profiles. This is due to the momentum equation is not directly affected by Soret 

and Dufour numbers. 

Figure 2. Velocity variations of viscosity parameter. Figure 3. Temperature variations of viscosity 

parameter. 

Figure 4. Concentration variations of viscosity 

parameter. 

Figure 5. Velocity variations of Prandtl number 
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Figure 6. Temperature variations of Prandtl number. Figure 7. Concentration variations of Prandtl 

number. 

Figure 8. Velocity variations of magnetic number. Figure 9. Temperature variations of magnetic 

number 

Figure 10. Concentration variations of magnetic 

number. 
Figure 11. Temperature variations of Soret number. 

Figure 12. Concentration variations of Soret number. Figure 13. Velocity variations of Dufour number. 
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Figure 14. Temperature variations of Dufour 

number. 

Figure 15. Concentration variations of Dufour 

number. 

4. Conclusions 

 The effects of variable viscosity, Soret and Dufour on double-diffusive (temperature 

and concentration) mixed convection flow in the presence of MHD over an accelerating surface 

have been studied numerically. The governing equations are transformed into a set of coupled 

and highly non-linear ordinary differential equations in the non-dimensional form using the 

similarity transformation. The shooting technique is used to solve these differential equations 

numerically. The computed numerical results are presented to analyze the fluid's flow, mass, 

and heat transfer characteristics under the influence of various physical parameters. The 

following conclusions can be drawn from the present study: With an increase in the transverse 

magnetic field's intensity, the solutal and thermal boundary layer increases and opposes the 

flow velocity; The flow velocity will reduce with an increase in the temperature-dependent 

viscosity  parameter(𝜃𝑟) whereas it enhances the dimensionless temperature and concentration; 

An increase in Dufour number(𝐷𝑓) results in the enhancement of velocity and temperature 

gradients whereas it diminishes the concentration profile and with an increase of Soret 

number(𝑆𝑟) leads the reduction in temperature and increase in the concentration profile; 

Higher values of Prandtl number(𝑃𝑟) decrease the velocity and temperature profile, whereas 

the trend is reversed in the case of concentration profile. 
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