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Effects of Soret, Dufour, Hall currents and 
thermal radiation on a steady mixed 

convective heat and mass transfer over a 
stretching sheet in a rotating fluid 

G. Sarojamma, S. Mahaboobjan, K. Sreelakshmi 

          

Abstract— The non – linear boundary layer flow of a viscous incompressible electrically conducting fluid over a linearly stretching 
sheet in a rotating fluid in the presence of Hall currents, thermal radiation, heat source/ sink with Soret and Dufour effects. The 
partial differential equations governing the flow are numerically solved using fourth order Runge – Kutta method together with 
shooting technique. The Coriolis force reduces both the primary and secondary velocities while it enhances the temperature 
distribution. The magnetic field reduces (increases) the primary velocity (secondary velocity) and enhances the temperature where 
as the Hall parameter produces an opposite effect. The heat source, thermal radiation and Dufour effect favor heat transfer. In the 
range of Df = 1 - 3, the skin friction coefficient increases with increasing Soret number while an opposite trend when Df = 4 is 
noticed. The Dufour number decreases the Sherwood number in the range 0.1 – 0.85 of Soret number while a reverse trend is 
observed for Sr > 0.85. 

Index Terms— MHD, Hall current, Rotation effect, Stretching sheet.   

——————————      —————————— 
 

1  Introduction: 

The study of flows due to a stretching surface in a 

viscous fluid is of significant importance as this type 
of motion occurs in the extrusion of polymer fibers 
and films. Many metallurgical processes which 
involve drawing annealing and tinning of wires 
require cooling of the sheets or fibers by stretching 
them through a rotating fluid. The quality of the end 
product depends on the rate of cooling. Sakiadis [1] 
was the first researcher to study the classical problem 
of steady flow on a stretching surface extended from 
a slit.  
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Crane [2] investigated the steady flow on a 
stretching surface in a quiescent fluid and obtained 
an analytical solution. Subsequently he [3] 
investigated the corresponding heat transfer 
problem. Following these studies several authors 
studied various aspects of this problem. Wang [4] 
made an analysis of the steady flow on a stretching 
sheet in a rotating fluid. Takhar et al [5] investigated 
the boundary layer flow of a viscous incompressible 
conducting fluid over a moving surface in a rotating 
fluid with Hall currents and  free stream velocity. 
Anika et al [6] studied the effects of Hall currents on 
the unsteady flow and heat transfer of a viscous 
incompressible fluid past a vertical porous plate 
embedded in a rotating fluid. They observed that the 
rotation parameter decreases primary and secondary 
velocities and increases temperature.  

In the present investigation an attempt is 
made to study the laminar mixed convection heat 
and mass transfer of a viscous incompressible, 
electrically conducting fluid over a vertical stretching 
surface embedded in a rotating fluid. The effects of 
Soret and Dufour thermal radiation and heat 
generation/absorption with Hall currents are 
considered. 
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2    Formulation: 

The physical configu
ration and co-
ordinate system are 
presented in Fig.1. 
We consider the 
steady laminar 
boundary layer flow 
and mixed 
convection heat and 
mass transfer 
of an incompressible,
 viscous electrically c
onducting fluid over
 a vertical stretching 
surface embedded in 
a fluid rotating with 
an angular velocity 𝛺 about y – axis. The stretching 
surface has a linear velocity. The magnetic field of 
strength B0 is applied normal to the surface. All the 
physical properties of the fluid are assumed to be 
constant. The effect of Coriolis force and Hall current 
give rise to a force in the z – direction which induces 
a cross flow in the z- direction. Consequently the 
flow becomes three dimensional. Using the 
Rosseland approximation the radiative heat flux is 
incorporated in the energy equation. The stretching 
surface has a fixed temperature 𝑇𝑤  and the free 
stream temperature is 𝑇∞ with 𝑇𝑤 > 𝑇∞. The surface is 
also assumed that it has a uniform concentration 𝐶𝐶𝑤 
and the free stream concentration is 𝐶𝐶∞ with 𝐶𝐶𝑤 > 𝐶𝐶∞. 
The Soret and Dufour effects and chemical reaction 
are considered.  

The generalized Ohm’s law can be written as 

             𝐽 ̅ = 𝜎 (𝐸� + 𝑉� × 𝐵�) − 𝜎
𝑒𝜂

(𝐽 ̅× 𝐵� − ∇𝜌𝑒)  

 Here 𝑉�  is the velocity vector, 𝐵�  is the 
magnetic induction vector, 𝐸�  is the electric field 
vector,  𝜎  is the electrical conductivity, 𝜌𝑒  is the 
electronic pressure. Using the Boussinesq’s 
approximation the boundary layer equations 
governing the flow in a rotating frame of reference 
can be written as  

Equation of continuity: 

𝜕𝑢
𝜕𝑥

 +  𝜕𝑣
𝜕𝑦

 =  0                                                                (1) 

Momentum equations: 

𝑢 𝜕𝑢
𝜕𝑥

+ 𝑣 𝜕𝑢
𝜕𝑦

 =  𝜈 𝜕
2𝑢

𝜕𝑦2
+ 𝑔𝛽(𝑇 − 𝑇∞) + 𝑔𝛽∗(𝐶𝐶 − 𝐶𝐶∞) −

𝜎𝐵02

𝜌(1+𝑚2)
(𝑢 +𝑚𝑤) +  2Ωw                                             (2) 

𝑢 𝜕𝑤
𝜕𝑥

+ 𝑣 𝜕𝑤
𝜕𝑦

 = 𝜈 𝜕2𝑤
𝜕𝑦2

 + 𝜎𝐵02

𝜌(1+𝑚2)
(𝑚𝑢 −𝑤)− 2Ωu      (3) 

Energy equation: 

𝑢 𝜕𝑇
𝜕𝑥

+ 𝑣 𝜕𝑇
𝜕𝑦

= 1
𝜌𝑐𝑝

�𝐾 𝜕2𝑇
𝜕𝑦2

− 𝜕𝑞𝑟
𝜕𝑦

+ 𝑄0(𝑇 − 𝑇∞)�+

 𝐷𝑚 𝐾𝑇
𝐶𝑠𝐶𝑝

𝜕2𝐶
𝜕𝑦2

                                                                        (4) 

Concentration equation: 

𝑢 𝜕𝐶
𝜕𝑥

+ 𝑣 𝜕𝐶
𝜕𝑦

= 𝐷 𝜕2𝐶
𝜕𝑦2

− 𝑘(𝐶𝐶 − 𝐶𝐶∞) + 𝐷𝑚 𝐾𝑇
𝑇𝑚

𝜕2𝑇
𝜕𝑦2

               (5) 

Subject to the boundary conditions 

 u = bx, v = 0, w = 0, T =  𝑇𝑤(x, t), C = 𝐶𝐶𝑤(x, t) at y = 0, 

 u → 0, v → 0, T →  𝑇∞, C →  𝐶𝐶∞ as y → ∞                      (6) 

where u, v and w are the fluid velocity components 
along x, y and z axes, respectively, 𝜈 is the kinematic 
viscosity, g is the acceleration due to gravity,𝐵0 is the 
strength of the magnetic field, 𝛽  is the volumetric 
coefficient of thermal expansion, 𝛽∗ is the coefficient 
of expansion with concentration, 𝜌 is the density of 
the fluid, T is the fluid temperature, C is the fluid 
concentration, K is the thermal conductivity of the 
medium, 𝑐𝑠  concentration susceptibility, 𝑞𝑟  is the 
radiation heat flux, 𝐶𝐶𝑝 is the specific heat at constant 
pressure, 𝑄0 is the uniform volumetric heat 
generation and absorption, D is the mass diffusivity, 
k is the chemical reaction parameter  𝐷𝑚 is the 
coefficient of mass diffusivity, 𝑇𝑚 is the mean fluid 
temperature and 𝐾𝑇 is the thermal-diffusion ratio. 

The radiation heat flux using Rosseland 
approximation can be written as 

𝑞𝑟 = − 4𝜎𝑠
3𝑘∗

𝜕𝑇4

𝜕𝑦
                                                                   (7) 

where  𝜎𝑠  is the Stefen-Boltzman constant and 𝑘∗ is 
the absorption coefficient.  𝑇4  may be linearly 
expanded in a Taylor’s series about  𝑇∞ to get  

𝑇4 = 4𝑇∞3 𝑇 − 3𝑇∞4                                                           (8) 

 
Fig. 1 Physical model and  
coordinate system 
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To examine the flow regime adjacent to the sheet, the 
following transformations are invoked 

𝑢 = 𝑏𝑥𝑥𝑓𝑓′(𝜂) ;𝑣 = √𝑏𝜈𝑓𝑓(𝜂)  ;  𝑤 = 𝑏𝑥𝑥ℎ(𝜂) ; 𝜂 = �𝑏
𝜈
𝑓𝑓     (9) 

 𝑇 = 𝑇∞ + (𝑇𝑤 − 𝑇∞) 𝜃(𝜂)R,                                            (10) 

𝐶𝐶 = 𝐶𝐶∞ + (𝐶𝐶𝑤 − 𝐶𝐶∞) 𝜙(𝜂)R,                                                                
(11)   

From the above transformations, the equations (2) – 
(5) reduce to the non – dimensional, nonlinear and 
coupled ordinary differential equations  

𝑓𝑓′′′ + 𝑓𝑓𝑓𝑓′′ + 𝐺𝑟𝜃 + 𝐺𝑐𝜙−
𝑀

1+𝑚2 �𝑓𝑓′ + 𝑚ℎ�+ 2𝜆𝜆ℎ = 0   (12)    

ℎ′′ + 𝑓𝑓ℎ′ + 2𝑀
1+𝑚2 �𝑚𝑓𝑓

′ − ℎ� − 2𝜆𝜆𝑓𝑓′ = 0                      (13) 

𝜃′′ + 𝑃𝑟
1+𝑁𝑟

�𝑓𝑓𝜃′ − 𝛼𝜃 + 𝐷𝑓𝑓𝜙′′� =  0                             (14) 

𝜙′′ + 𝑆𝑐�𝑓𝑓𝜙′ − 𝛾𝜙 + 𝑆𝑟𝜃′′ � =  0                                (15)               

The pertinent boundary conditions are 

𝜂 = 0 :  𝑓𝑓 =  0, 𝑓𝑓′ =  1, ℎ = 0,𝜃 = 1,𝜙 = 1, 

𝜂 → ∞ :  𝑓𝑓′ → 0, ℎ → 0, 𝜃 → 0,𝜙 → 0, 

           where the primes denote the differentiation 
with respect to 𝜂,  𝜆𝜆 = Ω 𝑏⁄  is the rotation parameter 
which represents Coriolis force, 𝑀 = 𝜎𝐵02 𝜌𝑏⁄  is the 
magnetic parameter, 𝐺𝑟 = 𝑔𝛽𝑇(𝑇𝑤−𝑇∞)

𝑏2𝑥
 is the local 

thermal Grashof number  𝐺𝑐 = 𝑔𝛽𝑐(𝐶𝑤−𝐶∞)
𝑏2𝑥

 is the local 
solutal Grashof number,  𝛾 = 𝑘 𝑏⁄  the non – 
dimensional chemical reaction parameter,   𝑃𝑟 =
 𝜌𝑐𝑝𝜈 𝑘⁄  is the Prandtl number , 𝑁𝑅 =  16𝜎𝑠𝑇∞3 3𝐾𝑘∗⁄  is 
the thermal radiation parameter, 𝛼 = 𝑄0 𝜌𝑏⁄ 𝑐𝑝  is 
temperature dependent heat source/sink parameter, 
𝑆𝑐 = 𝜈 𝐷𝑚⁄  is the Schmidt number    𝐷𝑓𝑓 =
𝐷𝑚 𝐾𝑇(𝐶𝐶𝑤 − 𝐶𝐶∞) 𝐶𝐶𝑠𝐶𝐶𝑝𝜈⁄  is the Dufour number, and  
𝑆𝑟 = 𝐷𝑚 𝐾𝑇(𝑇𝑤 − 𝑇∞) 𝜈⁄ 𝑇𝑚(𝐶𝐶𝑤 − 𝐶𝐶∞)R is the Soret 
number. 
           The physical quantities of interest in this 
problem are the skin friction coefficient𝐶𝐶𝑓 , local 
Nusselt number 𝑁𝑢𝑥   and local Sherwood number 
𝑆ℎ𝑥 which are defined as 

 𝐶𝐶𝑓 =  2𝜇(𝜕𝑢 𝜕𝑦⁄ )𝑦=0
�𝑅𝑒𝑥

, N𝑢𝑥 = −𝑥(𝜕𝑇 𝜕𝑦⁄ )𝑦=0
𝑇𝑤−𝑇∞

,  

𝑆ℎ𝑥 = −
𝑥𝑥(𝜕𝐶𝐶 𝜕𝑓𝑓⁄ )𝑦=0
𝐶𝐶𝑤 − 𝐶𝐶∞

  

1
2
𝐶𝐶𝑓�𝑅𝑅𝑒𝑒𝑥 = 𝑓𝑓′′(0),  N𝑢𝑥 �𝑅𝑅𝑒𝑒𝑥 = −𝜃′(0)⁄ , 

 Sℎ𝑥 �𝑅𝑅𝑒𝑒𝑥 = −𝜙′(0)⁄ , 

where 𝜇 = 𝑘 𝜌𝑐𝑝⁄  is the dynamic viscosity of the fluid 
and 𝑅𝑅𝑒𝑒𝑥 = 𝑥𝑥 𝑈𝑤 𝜈⁄  is Reynolds number. 

3 Results and Discussion: 

In this investigation the effect of rotation on the flow 
heat and mass transfer of an incompressible fluid 
past a stretching sheet in the presence of Hall 
currents, Soret and Dufour effects is studied. The 
governing non-linear coupled ordinary differential 
equations are solved numerically satisfying the 
boundary conditions for parametric values of 
magnetic field parameter M, Hall parameter m, 
thermal buoyancy number Gr, solutal buoyancy 
number Gc, rotation parameter 𝜆𝜆 ,thermal radiation 
parameter Nr, Prandtl number Pr, temperature 
dependent heat source 𝛼, Dufour number Df, Soret 
number Sr, Schmidt number Sc and chemical 
reaction parameter 𝛾 using the fourth order Runge – 
Kutta method together with shooting technique. The 
effect of various parameters on the flow variables is 
examined and discussed. In order to ensure the 
accuracy of the numerical method we have 
compared the present results when M = m = Du = Sr = 
0 with those of Wang [4] and Nazar et al [7] as shown 
in Table. 1 for different values of the skin friction 
coefficient in the x and y directions 𝑓𝑓′′(0) and ℎ′(0) 
respectively and it is observed that they are in good 
agreement. 
 

The influence of magnetic parameter M on 
the velocities, temperature and mass concentration is 
depicted in Figs. 2-5 with Gr=0.5; m=0.1; 𝜆𝜆 = 0.5 ; 
Gc=0.5; Pr=0.72; 𝛼=1.0; Df=0.5; Sr=0.5; 𝛾=1; Nr=1.0; 
Sc=0.5. The primary velocity is reduced for increasing 
values of the magnetic field parameter throughout 
the boundary layer and hence the boundary layers 
become thinner. This is in view of the retarding 
nature of the Lorentz force. However, it is noticed 
that the secondary velocity is totally negative and 
shows an enhancing trend with increasing M. The 
temperature and concentration distributions are 
observed to be increasing with M.  
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The influence of Hall parameter m on the 
flow variables is shown in Figs. 6-9. The behavior of 
primary and secondary velocities for a variation in 
the Hall parameter is exactly opposite to that of the 
magnetic field. However, the secondary velocity is 
significantly influenced by the Hall parameter in the 
vicinity of the surface. Similarly the temperature and 
concentration are decreased with m. 

The variation of the rotation parameter 𝜆𝜆 on 
the flow variables is illustrated in Figs. 10-13. The 
primary velocity is reduced with increasing rotation 
parameter. The reduction is more for higher values of 
𝜆𝜆 = 0.75, 1. For 𝜆𝜆 = 0.25 the variation is very small. 
The secondary velocity is significantly influenced by 
the rotation parameter when  𝜆𝜆 > 0.75 . There is a 
reduction in the velocity, when  𝜆𝜆 = 1  the reduction 
in the velocity is more than twice to that 
corresponding to the case when  𝜆𝜆 = 0.5 . The 
temperature and concentration distributions are 
observed to be increasing with increasing  𝜆𝜆 . 
However, the increase is steady.  

The effect of thermal buoyancy parameter 
Gr is presented in Figs. 14-17. The primary velocity is 
increased for increasing Gr while the secondary 
velocity is decreased. Thus the thickness of the 
boundary layers increases in the x – direction while it 
reduces in the y – direction. It is observed that the 
thermal and the solutal boundary layers become 
thinner for increasing Gr. Figs.18-21 indicate that the 
effect of solutal buoyancy parameter on the above 
variables is found to be similar to that of Gr. 

The influence of Prandtl number on the flow 
variables is presented in Figs. 22-25. The primary 
velocity is reduced due to the reduction in the 
thickness of the boundary layer. The secondary 
velocity does not show much variation near the 
boundary. But it starts increasing away from the 
boundary. The thermal boundary layer thickness 
decreases with increasing values of the Prandtl 
number with a fall in the temperature. This may be 
attributed to the fact that increase in the Prandtl 
number amounts to decrease in the thermal 
conductivity. The concentration is observed to 
increase very nominally with increasing Pr. 

The effect of the radiation parameter Nr is 
illustrated in Figs. 26-29 the primary velocity is 
found to increase with increasing Nr away from the 
boundary. However, the secondary velocity follows 
an opposite trend. The temperature increases 
significantly throughout the thermal boundary layer, 

which can be attributed to the fact that increasing 
values of Nr correspond to enhancement of thermal 
radiation in the thermal boundary layer resulting in 
the rise of the temperature in the thermal boundary 
layer. The concentration decreases with increasing 
Nr and this reduction is negligible. 

 Figs. 30-33 depict the influence of temperatu
re dependent heat source on velocity, temperature 
and concentration. It is evident that increasing values 
of 𝛼  increase both components of velocity, 
temperature of the fluid and concentration. This may 
be attributed to the fact that the presence of a heat 
source (𝛼 > 0)  would generate energy resulting a 
rise in temperature. Further, the temperature on the 
stretching surface is higher than the temperature in 
the fluid hence the heat transfer takes place from the 
surface to the fluid. This in turn would enhance the 
flow field owing to the buoyancy effect. On the 
contrary, when  𝛼 < 0 (heat sink) an opposite effect, 
viz., cooling of the fluid occurs. Consequently the 
thickness of the thermal boundary layer is reduced 
(Figs 34-37). 

Figs. 38-41 show the effect of Dufour 
number on the flow variables. Both primary and 
secondary velocities increase with increasing Dufour 
number. The temperature enhances throughout the 
region. When Df = 7 there is an over shoot of the 
temperature. This may be attributed to the fact that 
energy is released as a result of the large 
concentration gradients. Thus the Dufour parameter 
increases the thickness of the thermal boundary 
layer. With increase in Df, the solutal boundary layer 
becomes thinner and thinner with a fall in the 
concentration. 

In figs. 42-45 the variation of Soret number is 
presented. It is observed that the primary velocity 
enhances while the secondary velocity component 
decreases. The Soret number decreases the thickness 
of the thermal boundary layer with a fall in the 
temperature. Contrary to the Dufour effect on 
concentration, the concentration increase with 
increasing Soret number. For higher values of 𝑆𝑟 ≥ 5 
the concentration exceeds the actual prescribed value 
on the surface. The solutal boundary layers also 
become thicker for increasing values Sr. 

The effect of chemical reaction parameter 𝛾 
on the velocities, temperature and concentration is 
depicted in figs. 46-49. The primary velocity 
decreases and the secondary velocity increases with 
increasing chemical reaction parameter. The thermal 
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boundary layer becomes thinner for increasing 𝛾. The 
species concentration decreases as the chemical 
reaction parameter increases. Also it gradually 
decreases from its prescribed value on the surface to 
its lower value eventually satisfying the boundary 
condition as 𝜂 →  ∞. 

 Figs. 50-53 present the influence of Schmidt 
number Sc on the flow variables. The velocity 
component in the x – direction reduces while the y 
component increases for increasing values of Sc. The 
thickness of thermal boundary layer with a 
enhancement in the temperature. The concentration 
is significantly reduced for increasing Sc as 
increasing values of Sc amounts to increase in 
molecular diffusivity.   

Table 2 presents the skin friction coefficient 
in the x and y – directions, local Nusselt number and 
local Sherwood number. Positive values of skin 
friction coefficient indicate that the fluid exerts a 
drag force on the sheet while negative values 
correspond to the reverse effect. The skin friction 
coefficient in the x – direction decreases with 
magnetic field parameter, Pr, 𝛾 , Sc,  𝛼 < 0 while it 
increases with Hall parameter, Gr, Gc, 𝛼 > 0, Nr, Df 
and Sr whereas its corresponding component in the y 
– direction shows an opposite trend. The rotation 
parameter decreases skin friction coefficient in both 
the directions. It is noticed that the magnetic paramet
er, Hall parameter, rotationn parameter, heat source 
parameter  𝛼 > 0 , thermal radiation parameter, 
Dufour parameter, chemical reaction parameter and 
Schmidt number favor heat transfer. The local 
Nusselt number increases with Gr, Gc, Pr, 𝛼 < 0 , the 
local Sherwood number decreases with M, 𝜆𝜆 , Pr, 
𝛼 > 0, Sr. while the parameter m, Gr, Gc, 𝛼 < 0, Df, 𝛾 
and Sc enhance the Sherwood number. 
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Fig. 5. Variation of 𝜑(η) with η for different  
             values of M 
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Fig. 11. Variation of h(η) with η for different 

                 values of 𝜆𝜆 
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Fig. 13. Variation of 𝜑(η) with η for  different  
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Fig. 14. Variation of f '(η) with η for different  
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Fig. 15. Variation of h(η) with η for different   
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Fig. 16. Variation of θ(η) with η for different  
                values of  Gr 
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Fig. 17. Variation of 𝜑(η) with η for different  
               values of Gr 
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0 1 2 3 4 5 6 7 8

-0.14

-0.12

-0.1

-0.08

-0.06

-0.04

-0.02

0

  η

 h
 ( η

)

 

 

  M=2.0;m=0.1;λ=0.5;Gr=0.5;
Pr=0.72;α=1.0;Df=0.2;Sr=0.5;
γ=0.1;Nr=1.0;Sc=0.5;

 Gc = 0.5
 Gc = 1.0
 Gc = 1.5
 Gc = 2.0

Fig. 19. Variation of h(η) with η for different 
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Fig. 20. Variation of θ(η) with η for different  
               values of  Gc 
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Fig. 21. Variation of 𝜑(η) with η for different 
                values of Gc 
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                values of Pr 
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Fig. 23. Variation of h(η) with η for different  
                values of Pr 
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Fig. 24. Variation of θ(η) with η for different  
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Fig. 25. Variation of 𝜑(η) with η for different  
               values of Pr 
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Fig. 26. Variation of f '(η) with η for different                                                                                                                                                                                                                                                                                                                   
                values of Nr 
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Fig. 27. Variation of h(η) with η for different                                                                                                                                                                                                                                                                                                                   
               values of Nr 
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Fig. 28. Variation of θ(η) with η for different  
                values of  Nr 
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Fig. 29. Variation of 𝜑(η) with η for different 
                values of Nr 
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Fig. 30. Variation of f '(η) with η for different                                                                                                                                                                                                                                                                                                                   
                 values of 𝛼 > 0 
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Fig. 31. Variation of h(η) with η for different  
                values of 𝛼 > 0 
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Fig. 32. Variation of θ(η) with η for different  
               values of  𝛼 > 0 
 

 
0 1 2 3 4 5 6 7 8 9

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

  η

 φ
 ( η

)

 

 

  M=2.0;m=0.1;Gc=0.5;Gr=0.5;
Pr=0.72;λ=0.5;Df=0.2;Sr=0.5;
γ=0.1;Nr=1.0;Sc=0.5;

  M=2.0;m=0.1;Gc=0.5;Gr=0.5;
Pr=0.72;λ=0.5;Df=0.2;Sr=0.5;
γ=0.1;Nr=1.0;Sc=0.5;

  M=2.0;m=0.1;Gc=0.5;Gr=0.5;
Pr=0.72;λ=0.5;Df=0.2;Sr=0.5;
γ=0.1;Nr=1.0;Sc=0.5;

  M=2.0;m=0.1;Gc=0.5;Gr=0.5;
Pr=0.72;λ=0.5;Df=0.2;Sr=0.5;
γ=0.1;Nr=1.0;Sc=0.5;

 α  = 0.1
 α  = 0.2
 α  = 0.3
 α  = 0.4

Fig. 33. Variation of 𝜑(η) with η for different  
                values of 𝛼 > 0 
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Fig. 34. Variation of f '(η) with η for different                                                                                                                                                                                                                                                                                                                   
                values of 𝛼 < 0 
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Fig. 35. Variation of h(η) with η for different                                                                                                                                                                                                                                                                                                                      
                values of 𝛼 < 0 
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Fig. 36. Variation of θ(η) with η for different  
               values of  𝛼 < 0 
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Fig. 37. Variation of 𝜑(η) with η for different 
               values of 𝛼 < 0 
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Fig. 38. Variation of f '(η) with η for different                                                                                                                                                                                                                                                                                                                   
                values of Df 
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Fig. 39. Variation of h(η) with η for different    
                values of  Df 
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Fig. 40. Variation of θ(η) with η for different  
                values of  Df 
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Fig. 41. Variation of 𝜑(η) with η for different  
                values of Df 
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Fig. 42. Variation of f '(η) with η for different  
             values of Sr 
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Fig. 44. Variation of θ(η) with η for different  
              values of  Sr 
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Fig. 45. Variation of 𝜑(η) with η for different 
                values of Sr 
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Fig. 46. Variation of f '(η) with η for different                                                                                                                                                                                                                                                                                                                     
               values of  𝛾 
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Fig. 47. Variation of h(η) with η for different                                                                                                                                                                                                                                                                                                                   
               values of 𝛾 
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Fig. 48. Variation of θ(η) with η for different  
                values of  𝛾 
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Fig. 49. Variation of 𝜑(η) with η for  different  
               values of 𝛾 
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Fig. 50. Variation of f '(η) with η for different                                                                                                                                                                                                                                                                                                                   
              values of Sc 
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Fig. 51. Variation of h(η) with η for different                                                                                                                                                                                                                                                                                                                   
                 values of Sc 
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Fig. 52. Variation of θ(η) with η for different  
                values of  Sc 
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TABLE 1 

Values of (𝑅𝑅𝑒𝑒𝑥)
1
2𝐶𝐶𝑓𝑥  and (𝑅𝑅𝑒𝑒𝑥)

1
2𝐶𝐶𝑓𝑦  for different 

values of 𝜆𝜆 when M=0, m=0 

 

Fig. 53. Variation of 𝜑(η) with η for different  
               values of Sc 
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Fig. 54. Variation of Dufour number on the 
               skin-friction coefficient. 
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Fig.55 . Variation of Dufour number on the  
                Nusselt number. 
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Fig. 56. Variation of Dufour number  on the  
               Sherwood number. 
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Fig. 57. Variation of Soret number on the   
               Nusselt number. 
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Fig. 58. Variation of Soret number on the  
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results 
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TABLE 2 
Skin friction coefficient, Nusselt number and 
Sherwood number for various values of pertinent 
parameters 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

4  Conclusions: 
 The problem of mixed convection flow 
due to a stretching sheet in a rotating fluid in the 
presence of Soret, Dufour and thermal radiation 
with Hall currents is analysed. The partial 
differential equations describing the problem are 
transformed into the ordinary differential 
equations employing similarity transformations. 
The resulting equations are numerically solved by 
Runge – Kutta fourth order method along with 
shooting technique. From the analysis the salient 
features are presented below  

(i)   Higher the strength of the magnetic field lower   
the primary velocity distribution in the 
momentum boundary layer. 

(ii)  The effect of Hall parameter on all variables 
has an opposite trend to that of M. 

(iii) The rotation parameter reduces both the  
velocities while it increases the temperature. 

(iv)   The Dufour and thermal radiation parameter 
and heat source parameter strongly enhance 
the temperature while the Pr, Sr and heat sink 
reduce the temperature. 

(v)  The Soret effect is increase the primary velocity 
and concentration with an overshoot of species 
concentration for higher values of Sr in the 
solutal boundary layer. 

(vi)  The Schmidt number and chemical reaction 
parameter significantly reduce the species 
concentration in the solutal boundary layer. 

(vii) The skin friction coefficient in the x – direction 
decreases with M, 𝛾  while it increases with 
Du, Sr, Nr. 

(viii)The Nusselt number decreases with Nr, 
Df,𝛼 > 0, 𝛾 > 0 while Sr, Pr increases. 

(ix) The Sherwood number increases with Df, 𝛾 
and Sc while it decreases with Sr. 
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