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Abstract: This paper deals with the study of Casson fluid flow in the stagnation point region of a sphere with
cross diffusion effects. The governing partial differential equations have been converted into ordinary
differential  equations  using  self  similarity transformations. Numerical solutions are elucidated by using
Runge-Kutta and Newton’s method. Further, the effect of various physical parameters on velocity, temperature
and concentration along with the skin friction coefficient, local Nusselt and Sherwood numbers have been
discussed through graphs and tables. Results depict that increasing values of Casson parameter enhances the
primary velocity. Soret and Dufour numbers have tendency to control the thermal and concentration boundary
layers.
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INTRODUCTION enhances the temperature profiles, where as the Soret

The study of fluid dynamics mainly deals with two MHD boundary layer flow of the Casson fluid was
types of fluids namely Newtonian and non-Newtonian analyzed by Shehzad et al. [9]. 
fluids. Casson fluid is a non- Newtonian fluid. Some If the conditions change with the time at any point in
examples of non-Newtonian fluid include paste, honey, the  fluid,  the flow is called unsteady flow. The
blood etc. The usage of non Newtonian fluids is researchers like Ali et al. [10], Awad et al. [11] and
increasing because of their importance in power Ramana Reddy et al. [12] given importance in their study
engineering and petroleum production. So, many to investigate the influence of various physical
researchers [1-3] concentrated their research towards this parameters on unsteady flows. The heat transfer effect on
type of fluids. the flow of a Casson fluid over an exponentially stretching

Further, the researchers [4-6] tried to investigate the surface was studied by Pramanik [13].  On  the  other
flow past a rotating sphere due to its applications in hand, Mukhopadhyay et al. [14] discussed the unsteady
particle-laden flows. The mass flux produced by a Casson fluid flow over a stretching surface. In this study,
temperature gradient cause Soret effect. The Dufour effect it is found that increasing values of Casson parameter
results due to heat flux produced by a concentration reduces the velocity. Najib et al. [15] reported the effects
gradient. These effects together also called as cross of chemical reaction on stagnation point flow over a
diffusion effects. Cross diffusion effects play a pivotal stretching/shrinking cylinder. Through this paper, it is
role in the problems related to contaminant transport in found that increasing values of chemical reaction
ground water and exploitation of geothermal reservoirs parameter reduces the concentration profiles. The effects
etc. The Soret and Dufour effects on unsteady flow of thermo diffusion and diffusion thermo on double
through  a  vertical porous plate were investigated by diffusive free convective flow in an inclined square cavity
Alam et al. [7]. Further, Hayat et al. [8] discussed the were studied by Balla and Naikoti [16]. The influence of
same effects on the flow of a Casson fluid over a heat generation/absorption on an unsteady forced
stretching sheet and observed that the Dufour number convection flow past a stretching surface was reported by

number shows opposite behaviour. The three dimensional
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Fig. 1: Physical configuration of the problem

Sharma et al. [17]. Through this study, it is concluded that Casson fluid towards a stagnation point of a heated
unsteadiness parameter helps to enhance the fluid rotating sphere of radius r as shown in Fig. 1. It is
velocity in the boundary layer. The stagnation point flow assumed that the sphere is rotating with angular velocity
of a nanofluid past a stretching/shrinking sheet was . The cross diffusion effects are taken into consideration
investigated by Bachok et al. [18] and given a conclusion for this study. The free stream and angular velocities are
that increasing values of volume fraction of nanoparticles U  (x, t) = Ax/t and U (t) = B/t respectively, where A, B are
enhances both friction factor and heat transfer rate. positive constants.
Similar type of study on micropolar fluid was carried out Under the above made assumptions along with
by Attia [19]. Boussinesq approximation the governing equations of the

In recent years, the researchers [20-25] have given flow are given by,
importance to study the flow behaviour over geometric
shapes such as spheres, cones and cylinders. Very (1)
recently, Raju and Sandeep [26] discussed the Soret and
Dufour effects on bio-convection flow of a non
Newtonian fluid over a rotating cone /plate. From this
paper, it is found that heat and mass transfer performance
on the flow over a rotating cone is significant if compared (2)
with the flow past a rotating plate.

To the best of author’s knowledge nobody studied (3)
the Soret and Dufour effects on the flow over a spinning
body. So, by making use of all the above cited articles, we
make an attempt to study the effects of cross diffusion on (4)
the stagnation point flow of a Casson fluid past a
spinning body. The governing partial differential
equations are solved numerically by using Runge-Kutta (5)
and Newton’s method.

Mathematical Model: Consider an unsteady, The initial and boundary conditions of the problem
incompressible and laminar boundary layer flow of are given by,

e e
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(6)

(7)
In equations (1)-(7), The transformed boundary conditions of Eqn. (7) are

r is the radius of the sphere, u, v and w are velocity
components in x, y and z– directions respectively. The (13)
coordinate system is taken such that x, y and z-
coordinates are measured in from the forward stagnation In Eqs. (9) – (13), the prime ( ) denotes differentiation
point along the surface, normal to the surface and in with respect to , where  is the similarity variable. Also
rotating direction respectively, t is the time,  is the F ,G,  and  are dimensionless primary velocity,
kinematic viscosity,  is the Casson parameter, T, C are secondary velocity, temperature and concentration of the
dimensional temperature and concentration of the fluid fluid respectively.
respectively, k is the thermal conductivity,  is the
density of the fluid, c  is the concentration susceptibility,S

c  is the specific heat at constant pressure, T  is the meanp m

fluid temperature, K  is the thermal diffusion ratio, D  isT m

the mass diffusivity, i refers to initial condition, T , C  arew w

temperature and concentration near the surface of the
sphere respectively, T , C  are free stream temperature and
concentration respectively.

Now we introduce the following similarity
transformations into the governing Eqs. (1) - (5), to
convert into a set of non linear ordinary differential
equations.

(8)

The continuity Eqn. (1) will be automatically satisfied
and the Eqs. (2) – (5) become, 

(9)

(10)

(11)

(12)

given by,

 is a constant,  is the Prandtl number,

is the Dufour number,

 is the Soret number,  is the

Schmidt number.
Further the primary and secondary skin friction

coefficients are given by,

(14)

The local nusselt (Nu) and Sherwood numbers (Sh)
can be defined as,

(15)

where  is the local Reynolds number.

RESULTS AND DISCUSSION

The nonlinear coupled partial differential equations
(9) - (12), along with the boundary conditions given by
Eqn.  (13)  have  been  solved  by  using  Runge-Kutta and
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Newton’s method. Further, the influence of various increase in the value of Dufour number raises the
governing parameters on the flow has been discussed temperature profiles, but an opposite result is observed in
with  the  help  of  graphs  and  tables.  For  the  results, case of concentration profiles. The reason behind this is
We considered  = 0.3,  = 0.1,  = 2 Sc = 1, A = 1, Sr = increasing values of Dufour number increases the thermal
0.5, Du = 0.8 and Pr = 0.7. These values have been kept in energy in the boundary layer.
common for the entire study unless otherwise stated in The characteristics of Skin friction coefficients (F (0),
the respective figures and tables. Figs. (2) – (13) display –G (0)), Nusselt number (– (0)) and Sherwood number
the effects of various physical parameters on velocity, (– (0)) for different values of physical parameters , A, Sr
temperature and concentration profiles. Table 1 gives the and Du were presented in Table 1, numerically. It is
numerical values of primary and secondary Skin friction evident from this table that increasing values of either
coefficients  (F (0)),  –G (0)), Nusselt number (– (0)) and Casson parameter ( ) or acceleration parameter (A)
Sherwood number (– (0)) for different values of physical enhances the friction factor in both primary and
parameters. secondary velocity, Nusselt and Sherwood numbers. It is

The effect of Casson parameter ( ) on velocity, easy to see that increasing values of Soret number (Sr)
temperature and concentration profiles was displayed in enhances the heat transfer rate, where as Dufour number
Figs. 2-5. From Figs. 2 and 3, it is interesting to note that (Du) reduces the rate of heat transfer. The Sherwood
increasing values of  enhances the primary velocity (F ) number  increases  with  an increase in the value of Du.
but depreciates the secondary velocity (G). Also, Figs. 4 But an opposite result is observed with Sr. Finally, the
and 5 elucidate that Casson parameter ( ) has tendency to present results are compared with the existed results with
reduce  the  temperature  and   concentration   profiles. the help of Table 2. From Table 2, it is found that the
This may happen due to the fact that increasing values of present results have good agreement with previous work

 reduces the thermal and concentration boundary layer of Anil Kumar and Roy [4]. This denotes the validity of
thicknesses. the present paper and the numerical technique we

Figs. 6-9 are sketched to study the effect of adopted.
acceleration parameter (A) on the flow field. It is easy to
see that acceleration parameter shows significant effect
on  velocity,  temperature  and concentration profiles.
From Fig. 6, it is easy to say that increasing values of
acceleration parameter (A) increases the primary velocity
(F ). Because, as we increase the value of A. So free stream
velocity U  increases and hence the primary velocity alsoe

increases. It is worth to mention from Fig. 7 that an
increase in the value of A suppresses the fluid velocity in
the rotational direction of the sphere (i.e in z– axis
direction). This may happen due to the fact that an
increase in A opposes the fluid motion in rotational
direction. Figs. 8 and 9 conclude that increasing values of
A decreases the temperature and concentration profiles.

The effect of Soret number (Sr) on temperature and
concentration profiles was shown through Figs. 10 and 11
respectively. A fall in temperature profiles is observed
with an increase in the value of Sr. But the reverse trend
was examined in concentration profiles. This is because of
increasing values of Soret number signifies the
contribution of temperature gradients to the species
diffusion in the flow. The influence of Dufour number
(Du) on temperature and concentration profiles was
examined through Figs. 12 and 13. It is found that an

Table 1: Variation of F (0), –G (0), – (0) and – (0) for different physical
parametric values

A Sr Du F (0) –G (0) – (0) – (0)

0.2 0.5752 0.1038 0.3124 0.4472
0.4 0.7708 0.2587 0.3346 0.4810
0.6 0.8990 0.3339 0.3463 0.4994

1 0.6848 0.1982 0.3255 0.4671
2 1.0153 0.7967 0.4635 0.6571
3 1.2733 1.1492 0.5698 0.8037

0.2 0.6848 0.1982 0.3161 0.4930
0.5 0.6848 0.1982 0.3255 0.4671
0.8 0.6848 0.1982 0.3379 0.4352

0.5 0.6848 0.1982 0.3732 0.4501
1.0 0.6848 0.1982 0.2890 0.4805
1.5 0.6848 0.1982 0.1717 0.5258

Table 2: Comparison of the values of F (0) and – (0) with Anil Kumar
and Roy [4], when Sc = Sr = Du = 0

F (0) – (0)
(Anil Kumar and F (0) (Anil Kumar – (0)

A Roy [4]) Present study and Roy [4]) Present study

0.5 0.79946 0.79951 0.46743 0.46665
1.0 1.28271 1.28321 0.58957 0.58946
2.0 1.91728 1.91612 0.77954 0.77952
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Fig. 2: Velocity (primary) profiles for different values of Casson parameter 

Fig. 3: Velocity (secondary) profiles for different values of Casson parameter 

Fig. 4: Temperature profiles for different values of Casson parameter 
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Fig. 5: Concentration profiles for different values of Casson parameter 

Fig. 6: Velocity (Primary) profiles for different values of acceleration parameter A

Fig. 7: Velocity (secondary) profiles for different values of acceleration parameter A



Middle-East J. Sci. Res., 24 (4): 1141-1150, 2016

1147

Fig. 8: Temperature profiles for different values of acceleration parameter A

Fig. 9: Concentration profiles for different values of acceleration parameter A

Fig. 10: Temperature profiles for different values of Soret number Sr
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Fig. 11: Concentration profiles for different values of Soret number Sr

Fig. 12: Temperature profiles for different values of Dufour number Du

Fig. 13: Concentration profiles for different values of Dufour number Du
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CONCLUSIONS 7. Alam, M.S., M.M. Rehman. and M.A. Samad, 2006.

The present  study  deals with the cross diffusion convection and mass transfer flow past a vertical
effects on the stagnation point flow of a rotating sphere. porous plate in a porous medium, Nonlinear Analysis:
The governing partial differential equations have been Modelling Control., 11(3): 217-226.
converted into nonlinear coupled ordinary differential 8. Hayat, T., S.A. Shehzad. and A. Alsaedi, 2012. Soret
equations by making use of self similarity transformations. and Dufour effects on magneto hydrodynamic
Further, these equations are solved numerically to study (MHD) flow of  a casson fluid, Appl. Math. Mech.,
the effect of various physical parameters on the flow. The 33(10): 1301-1312.
conclusions are as follows. 9. Shehzad, S.A., T. Hayat. and A. Alsaedi, 2016. Three

Casson parameter ( ) enhances the fluid velocity in mediumwith  heat generation, J. Appl. Fluid Mech.,
x– direction, where as it slowdowns the fluid motion 9(1): 215-223. 
in z direction. 10. Ali, F.M., R. Nazar, N.M. Arifin. and I. Pop, 2014.
Increasing values of Soret number (Sr) reduces the Unsteady stagnation point flow towards a shrinking
temperature and raises the concentration profiles but sheet with radiation effect, Int. J. Math. Comp. Phys.
opposite results were observed in temperature and Elect. Comp. Eng., 8(5): 757-761. 
concentration profiles under the influence of Dufour 11. Awad, F.G., S. Motsa and M. Khumalo, 2014. Heat
number (Du). and mass transfer in unsteady rotating fluid flow with
An increase in acceleration parameter (A) enhances binary chemical reaction and activation energy, PLOS
the heat transfer rate and Sherwood number. ONE, 9(9): e107622.
Dufour number (Du) has the tendency to reduce the 12. Ramana Reddy, J.V., V. Sugunamma. and N. Sandeep,
rate of heat transfer. 2016. Thermo diffusion and hall current effects on
Increase in either Soret number (Sr) or Dufour number unsteady  flow  of  a  nanofluid  under  the  influence
(Du) reduces the Sherwood number. of  inclined  magnetic  field,  Int.  J.  Eng.  Res.  Afr.,
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