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The effects of both Hall currents and radiation on unsteady flow of an incompressible 
non-Newtonian fluid obeying Casson model through a porous medium have been 
discussed. The thermal-diffusion and diffusion thermo effects are taken into our 
consideration. The non-linear partial differential equations which govern this problem 
are simplified by assuming of long wavelength and small Reynolds number. These 
equations are solved numerically by using explicit finite difference method. In addition, 
the axial velocity, temperature and concentration are illustrated graphically for various 
parameters of the problem such as magnetic parameter (Hartman number), the upper 
limit apparent viscosity coefficient, Hall parameter, the pressure gradient, Prandtl 
number, Eckert number, Darcy number, Dufour number, the radiation parameter, 
Schmidt number, Soret number, the chemical reaction parameter and heat source/sink 
parameter. Furthermore, it is noticed that the behavior of the pressure gradient and 
Hartman number parameters is to increase or decrease the temperature distributions 
and is quite revers.  
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1. Introduction 

 
In fluid mechanics, the boundary layer is considered as an essential part and indicates to the layer 

of fluid in the immediate vicinity of a bounding surface where the effects of viscosity are 
considerable. A range of velocities occurs across the boundary layer from maximum to zero, provided 
that the fluid is in contact with the surface. The expansion of boundary layer velocity on a flat plate 
was first scrutinized by Blasius [1] and that's expansion of velocity have been studied through this 
paper. In recent years.  Considerable attention has been devoted to the study of boundary layer flow 
behavior and heat transfer characteristics of a non-Newtonian fluid past a vertical plate because of 
its extensive applications in engineering processes. Howarth [2] discussed the various aspects of the 
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Blasius flat plate flow problem numerically while, our paper use two different semi-analytical 
methods. The boundary layer equations play a central role in many aspects of fluid mechanics since 
they design the motion of a viscous fluid near the surface. The heat transfer for problem that offered 
by Howarth [2] was computed by Pohlhausen [3]. Abouzeid [4] studied the heat generation and 
viscous dissipation effects on a Newtonian fluid over a stretching sheet with heat transfer. Eldabe et 
al., [5] discussed effects of uniform magnetic field, heat generation and chemical reaction on the flow 
of non-Newtonian nanofluid down a vertical cylinder. For more theorems and investigation see Refs. 
[6-10]. 

The transportation of fluid by a wave of contraction and expansion from a region of lower 
pressure to higher pressure is called peristaltic pumping. The study of peristaltic motion gained 
considerable interest because of its extensive applications. It is in inherent property of many 
biological systems. In living system, it is a distinctive pattern of smooth muscle contractions that 
propel the contents of the tube, as foodstuffs through esophagus and alimentary canal, urine from 
kidneys to bladder and other glandular ducts. The mechanism of peristaltic transport has been 
exploited for industrial applications like sanitary fluid transport, blood pumps in heart lung machine 
and transport of corrosive fluids where the contact of the fluid with the machinery parts is prohibited. 
This mechanism is used also in engineering devices like finger pumps and roller pumps. The 
investigation of the effects of wall properties on peristaltic transport of a dusty fluid was done by 
Srinivasacharya et al., [1]. Peristaltic MHD flow of a Bingham fluid through a porous medium in a 
channel has been studied by Suryanarayana et al., [2]. Peristaltic motion with heat transfer of a 
power-law nanofluid through a nonuniform inclined tube was analyzed by Abouzeid and Mohamed 
[3]. Mekheimer et al., [4] investigated the influence of heat transfer and magnetic field on peristaltic 
transport of Newtonian fluid in a vertical annulus: application of an endoscope. 

Theory of non-Newtonian fluid has received a great attention during the recent years because 
the traditional viscous fluids cannot precisely describe the characteristics of many physiological 
fluids. Eldabe et al., [5] have studied the problem of MHD a thin-film transport of non-Newtonian 
fluid with heat and mass transfer down a vertical cylinder. The problem of wall properties and 
coupled stress effects on heat and mass transfer of peristaltic fluid flow through a porous medium is 
the problem of Wall properties and coupled stress effects on heat and mass transfer of peristaltic 
fluid flow through a porous medium by El-dabe et al., [6]. The peristaltic pumping of a non-Newtonian 
fluid was analyzed by Medhavi [7]. Peristaltic transport of Casson fluid in a channel is discussed by 
Nagarani and Sarojamma [8]. Mansour and Abouzeid [9] illustrated the effects of heat and mass 
transfer on MHD flow of an incompressible biviscosity fluid in a non-uniform vertical tube.  

The Hall effect is important when the Hall parameter which is ratio between the electron-
cyclotron frequency and the electron–atom- collision frequency is high, this can occur if the collision 
frequency is low or when the magnetic field is high. This is a current trend in magnetohydrodynamics 
because of its important influence on the electromagnetic force. Hence, it is important to study Hall 
effects and heat transfer effects on the flow to be able to determine the efficiency of some devices 
such as power generators and heat exchanger. Attia [10] examined the unsteady Hartmann flow with 
heat transfer of a viscoelastic fluid considering Hall effect. Asghar et al., [11] studied the effects of 
Hall current and heat transfer on flow due to a pull of eccentric rotating disk. Hayat et al., [12] 
analyzed the Hall effects on peristaltic flow of Maxwell fluid in a porous medium. Abo-Eldahab et al., 
[13-14] investigated the effects of Hall and ion-slip current on magnetohydrodynamic peristaltic 
transport and couple stress fluid. 

When heat and mass transfer occur simultaneously in a moving fluid, the relations between the 
fluxes and the driving potentials are of more intricate nature. It has been found that an energy flux 
can be generated not only by temperature gradients but also by composition gradients. The energy 
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flux caused by a composition gradient is called Dufour or diffusion thermo effect [15]. On the other 
hand, mass fluxes can also be created by temperature gradients and this is Soret or thermal-diffusion 
effect. In general, Soret and Dufour effects have an order of magnitude which is smaller than the 
effects described in Fourier’s or Fick’s law and are often neglected in heat and mass transfer 
processes. Though these effects are quite small, certain devices can be arranged to produce very 
steep temperature   and   concentration   gradients   so   that   the separation   of   components   in   
mixtures   are   affected. However, exceptions are observed therein. Due to the importance of Soret 
(thermal-diffusion) and Dufour (diffusion-thermo) effects for the fluids with very light molecular 
weight as well as medium molecular weight, many investigators have studied and reported results 
for these flows [16-18]. Heat and mass transfer effects on radially varying magnetic field of peristaltic 
motion of a non-Newtonian fluid was analyzed by El-dabe and Abouzeid [19]. Effects of heat and 
mass transfer on MHD peristaltic flow of a non-Newtonian nanofluid with couple stresses are 
discussed by Abouzeid [20]. El-dabe et al., [21] studied Eyring‐Powell nanofluid flow problem with 
gyrotactic microorganisms through the boundary layer in the presence of thermal diffusion and 
diffusion thermo effects. A variety of analysis have been presented heat and mass transfer problems 
keeping different flow geometries and fluid models [22-24]. 

In the present paper, we shall extend the work of Mekheimer et al., [4] to include the non-
Newtonian (Casson model), Hall current effects, porous medium, mass transfer, radiation, thermo-
diffusion and diffusion-thermo effects, chemical reaction through a horizontal annulus. Explicit finite 
difference technique is used to solve the momentum, heat, and concentration equations. The axial 
velocity, temperature and concentration distributions are obtained as a function of the fluid 
properties. The effects of various parameters on these solutions are discussed and illustrated 
graphically through a set of figures. 

 
2. Mathematical Formulations 
       

Consider the peristaltic flow of an incompressible electrically conducting non-Newtonian fluid 
obeying Casson model with heat and mass transfer between two coaxial tubes. The flow is through 
a porous medium and in the presence of a strong magnetic cross-field producing the effect of Hall 

current. We use cylindrical coordinates system )Zθ,,R(   where R  is the radial direction, Z  lies 

along the center line of the inner and outer tubes, the geometry of the wall surfaces is described in 
(Figure 1). 
 

 
Fig. 1. Geometry of the problem 

 
The equation of radii can be written as [25] 
 

11 aR =                                                                                                                         (1) 
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( )tcZ
λ

2π
bcosaR 22

−+=                                                                                               (2)
       

 
3. Basic Equations 
 

The equations that govern the flow are given by 
The continuity equation 
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
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                                                                                                                (3) 

 
The momentum equation 
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Ohm’s law may be put in the form by taking Hall effects into account  
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=   (m is Hall parameter)                                                 (5) 

 
The energy equation 
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 The concentration equation  
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The Casson (biviscosity) model can be written as  

 

( )
( )






+

+
=

cijcyβ

cijyβ

ij

ππe2π/Pμ2

ππe2π/Pμ2
τ

                                                                        (8) 

 
For ordinary Newtonian fluid, the yielding stress ( 0Py = ). Since the flow parameter are 

independent of the azimuthal coordinate θ , then for the unsteady two-dimensional flow, the velocity 
components are given by  
 

( )W,0,UV =                                                                                                            (9) 
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and the imposed magnetic field is ( ),0B0,B 0= . Also, the temperature and the concentration 

distributions may be written as follows,  
 

( )Z,RTT =    and  ( )Z,RCC =                                                                                                      (10) 

From Eq. (5) and (8), the governing equations in Eq. (4), (6) and (7) become 
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We shall consider the following transformation 

Rr,tcZz =−=                                                                                                             (17)  

 
The velocities in the fixed and moving frames are related by 
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After using these transformations and Eq. (16), the equations of motion become 
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The approbate boundary conditions are given by  
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The appropriate non-dimensional variable for the flow are defined as 
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In terms of these variables and dropping the star mark for simplicity, Eq. (19)-(23) become 
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The radii equations become 
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Also, the boundary conditions in Eq. (24) in their dimensionless form read 
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     Using the long wavelength approximation and dropping terms of order δ  and higher, then Eq. (27)-
(30) take the following form 
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Eq. (33) indicates that P depends on z only. The Eq. (34)-(36) subjected to boundary conditions 

(32) are solved numerically by using the semi-discretization finite difference method which is known 
as method of lines [26]. Spatial interval 0.5 ≤ r ≤ r2 is partitioned into N equal parts with grid size Δr = 

1/N and grid points riri −= )1( , 1 ≤ i ≤ N+1. The first and second spatial derivatives in Eq. (34)-(36) 

are approximated with second-order central finite differences, then a Newton iteration method is 
used until either the specified accuracy goal or precision goal is achieved. 

In the case of ordinary Newtonian fluid ( 0Py = ), for non-porous medium 0
1

→
Da

, in the 

absence of radiation, viscous dissipation effects and when the concentration equation is not taken 
into consideration, the system of above equations will reduce to Mekheimer and Abd-elmaboud [4]. 
 
4. Results and Discussion 
      

The effects of various parameters involved in the problem such as magnetic parameter (Hartman 
number) M , the upper limit apparent viscosity coefficient γ  , Hall parameter m, the pressure 

gradient dp/dz , Prandtl number Pr , Eckert number Ec , Darcy number Da , Dufour number Df , the 

radiation parameter N , Schmidt numberSc , Soret number Sr ,the chemical reaction parameter L  
and heat source/sink parameterβ , on the axial velocity w , the temperature θ  and the concentration

φ are discussed in the Figure 2-19.  

The effects of physical parameters on the axial velocity w  are indicated through Figure 2-4. In 
these figures the axial velocity w  is plotted versus the radial coordinate r . In Figure 2 and 3, the 
effects of the pressure gradient dp/dz  and (Hartman number) M on the axial velocity w  are 

presented. It is seen from these figures that the velocity is always negative, and it decreases by 
increasing both dp/dz and M  values. The obtained result in Figure 3 is due to the Lorentz force which 
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retards the flow. Similarly, if we draw the variation of w  with r  for different values of Darcy number
Da and the upper limit apparent viscosity coefficient γ , we will obtain a figures in which the behavior 

of the curves are the same as that obtained in Figure 2 and 3 except that the obtained curves are 
very closed to those obtained in Figure 2 and 3. Figure 4 shows the variation of the axial velocity w

with r  for different values of Hall parameter m . It is observed that the axial velocity is always 
negative, and it increases by increasing m  values, whereas it decreases by increasing r values. 

 

 
Fig. 2. The axial velocity is plotted versus r, for different values of dp/dz and for a 
system which has the particular values M=100, 𝛾=0.5, m=1.5, Pr=0.59, Ec=1.5, 
Da=0.05, Df=0.55, N=0.5, Sc=1, Sr=2, L=1.5 and 𝛽 =0.4  

 

 
Fig. 3. The axial velocity is plotted versus r, for different values of M and for a system 
which has the particular values 𝛾=0.5, m=1.5, dp/dz=60, Pr=0.59, Ec=1.5, Da=0.05, 
Df=0.55, N=0.5, Sc=1, Sr=2, L=1.5 and 𝛽 =0.4 
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Fig. 4. The axial velocity is plotted versus r, for different values of m and for a system which 
has the particular values M=100, 𝛾=0.5, dp/dz=60, Pr=0.59, Ec=1.5, Da=0.05, Df=0.55, 
N=0.5, Sc=1, Sr=2, L=1.5 and 𝛽 =0.4 

 
The effects of physical parameters on the temperature distributionθ are given through Figure 5-

12. Figure 5 illustrates the effect of the pressure gradient dp/dz on the temperature distributionθ , 

and indicates that for a constant value of dp/dz , the variation of temperature distribution θ  

increases by increasing r  till a maximum value (at a finite value of r : 0rr = ) after which it decreases. 

Also, it is found from this figure that the temperature distribution θ increases by increasing the 
pressure gradient dp/dz when  0.23,0.8r , while it decreases afterwards. Figure 6 represents the 

behaviors of the temperature distribution θ  with r  for different values of (Hartman number) M . It 
is found that the temperature distribution θ  increases with increase of M  when  0.23,0.58r , 

while it decreases afterwards. Similar result to that shown in Figure 6 can be obtained if M is replaced 
by Darcy number Da  except that the obtained curves are very closed to those obtained in Figure 6. 

The effect of Hall parameter m on the temperature distribution θ  is illustrated in Figure 7. It is 

noted that the temperature distribution θdecreases with increases of m  when  0.23,0.52r , while 

it increases afterwards. 
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Fig. 5. The temperature is plotted versus r, for different values of dp/dz and for a 
system which has the particular values M=100, 𝛾=0.5, m=1.5, Pr=0.59, Ec=1.5, 
Da=0.05, Df=0.55, N=0.5, Sc=1, Sr=2, L=1.5 and 𝛽 =0.4 

 

 
Fig. 6. The temperature is plotted versus r, for different values of M and for a system 
which has the particular values 𝛾=0.5, m=1.5, dp/dz=60, Pr=0.59, Ec=1.5, Da=0.05, 
Df=0.55, N=0.5, Sc=1, Sr=2, L=1.5 and 𝛽 =0.4 
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Fig. 7. The temperature is plotted versus r, for different values of m and for a system which 
has the particular values M=100, 𝛾=0.5, dp/dz=60, Pr=0.59, Ec=1.5, Da=0.05, Df=0.55, N=0.5, 
Sc=1, Sr=2, L=1.5 and 𝛽 =0.4 

 
The temperature distribution θ  with r  for different values of heat source/sink parameter β  and 

the radiation parameter N , respectively, are displayed in Figure 8 and 9, respectively. The graphical 
results of Figure 8 and 9 indicate that the temperature distribution θ increases with increasing in the 
parameterβ , while it decreases by increasing the parameter N , respectively. The effect of Eckert 

number Ec and Soret numberSr on the temperature distribution θ are found to be similar to the 
effect of β given by Figure 8 except that the obtained curves are very closed to those obtained in 

Figure 8. Figure 10 and 11 illustrate the change of the temperature distribution θ  versus r  with 
several values of Dufour number Df and the upper limit apparent viscosity coefficient γ , 

respectively. It is seen, from Figure 10 and 11, the temperature distribution θ  increases with 
increasing in the parameter Df , while it decreases by increasing the parameter γ , respectively. It is 

also noted that the difference of the temperature distribution θ  for different values of Df  and γ  

becomes greater with increasing the radial coordinate and reaches maximum value after which it 
decreases. The following explains the result in Figure 11. the upper limit apparent viscosity coefficient 
is proportional to the dynamic viscosity which is inversely proportionally to the fluid temperature. In 
Figure 12, the effect of Prandtl number Pr on the temperature distribution θ  is illustrated. It is clear 
from this figure that the temperature distribution θ increases with increasing Pr . Similarly, if we 
draw the temperature distribution θ  with r  for different values of  Schmidt numberSc , we will 
obtain a figures in which the behavior of the curves are the same as that obtained in Figure 12 except 
that the obtained curves are very closed to those obtained in Figure 12.  
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Fig. 8. The temperature is plotted versus r, for different values of  𝛽  and for a system which 
has the particular values M=100, 𝛾=0.5, m=1.5, dp/dz=60, Pr=0.59, Ec=1.5, Da=0.05, 
Df=0.55, N=0.5, Sc=1, Sr=2, and L=1.5 

 

 
Fig. 9. The temperature is plotted versus r, for different values of N and for a system which 
has the particular values M=100, 𝛾=0.5, m=1.5, dp/dz=60, Pr=0.59, Ec=1.5, Da=0.05, Df=0.55, 
Sc=1, Sr=2, L=1.5 and 𝛽 =0.4 
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Fig. 10. The temperature is plotted versus r, for different values of Df and for a system 
which has the particular values M=100, 𝛾=0.5, m=1.5, dp/dz=60, Pr=0.59, Ec=1.5, Da=0.05, 
N=0.5, Sc=1, Sr=2, L=1.5 and 𝛽 =0.4 

 

 
Fig. 11. The temperature is plotted versus r, for different values of 𝛾 and for a system 
which has the particular values M=100, m=1.5, dp/dz=60, Pr=0.59, Ec=1.5, Da=0.05, 
Df=0.55, N=0.5, Sc=1, Sr=2, L=1.5 and 𝛽 =0.4 
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Fig. 12. The temperature is plotted versus r, for different values of Pr and for a system which 
has the particular values M=100, 𝛾=0.5, m=1.5, dp/dz=60, Pr=0.59, Ec=1.5, Da=0.05, Df=0.55, 
N=0.5, Sc=1, Sr=2, L=1.5 and 𝛽 =0.4 

 
The effects of physical parameters on the concentration distribution φ indicated through Figure 

13-19. In Figure 13 and 14, the effects of Hall parameter m  and (Hartman number) M on the 
concentration distribution φ  are indicated. It is seen from this figures that the concentration φ  is 

always negative, and it increases by increasing m  values when  0,0.54r , while it decreases 

afterwards, whereas it decreases by increasing both of M  and r  values when  0,0.58r , while it 

increases afterwards. Figure 15 illustrates the effect of the radiation parameter N  on the 
concentration distribution φ . It is found that the concentration  distribution φ is always negative, 

and it increases by increasing N values, whereas it decreases by increasing r  values. Similarly, if we 
draw the concentration distribution φ  with r  for different values of the chemical reaction parameter

L , we will obtain a figures in which the behavior of the curves are the same as that obtained in Figure 
15 except that the obtained curves are very closed to those obtained in Figure 15. The concentration 
distributionφ  with r  for different values of Soret number Sr  is displayed in Figure 16. The graphical 

results of Figure 16 indicates that the concentration distribution φ  is always negative and it 

decreases with increasing both of Sr  and r  values. Similar result can be obtained as in Figure 16 by 
drawing the concentration distributionφ  versus r for various values of Schmidt numberSc . Figure 

17 shows the concentration distribution φ  with r  for various values of the pressure gradient dp/dz . 

From this figure, we observed that the concentration distribution φ is always negative and it 

decreases with increasing dp/dz when  0,0.7r , while it increases afterwards, whereas it decreases 

by increasing r values. Similarly, if we draw the concentration  distributionφ with r  for different 

values of Darcy number Da , we will obtain a figures in which the behavior of the curves are the same 
as that obtained in Figure 17 except that the obtained curves are very closed to those obtained in 
Figure 17 and the concentration distribution φ decreases with increasing Da  when  0,0.56r .  
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Fig. 13. The concentration is plotted versus r, for different values of m and for a system which 
has the particular values M=100, 𝛾=0.5, dp/dz=60, Pr=0.59, Ec=1.5, Da=0.05, Df=0.55, N=0.5, 
Sc=1, Sr=2, L=1.5 and 𝛽 =0.4 

 

 
Fig. 14. The concentration is plotted versus r, for different values of M and for a system which 
has the particular values 𝛾=0.5, m=1.5, dp/dz=60, Pr=0.59, Ec=1.5, Da=0.05, Df=0.55, N=0.5, 
Sc=1, Sr=2, L=1.5 and 𝛽 =0.4 
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Fig. 15. The concentration is plotted versus r, for different values of N and for a system which has 
the particular values M=100, 𝛾=0.5, m=1.5, dp/dz=60, Pr=0.59, Ec=1.5, Da=0.05, Df=0.55, Sc=1, 
Sr=2, L=1.5 and 𝛽 =0.4 

 

 
Fig. 16. The concentration is plotted versus r, for different values of Sr and for a system which has 
the particular values M=100, 𝛾=0.5, m=1.5, dp/dz=60, Pr=0.59, Ec=1.5, Da=0.05, Df=0.55, N=0.5, 
Sc=1, L=1.5 and 𝛽 =0.4 
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Fig. 17. The concentration is plotted versus r, for different values of dp/dz and for a system 
which has the particular values M=100, 𝛾=0.5, m=1.5, Pr=0.59, Ec=1.5, Da=0.05, Df=0.55, 
N=0.5, Sc=1, Sr=2, L=1.5 and 𝛽 =0.4 

 
The effect of heat source/sink parameter β  on the concentration distribution φ  is shown in 

Figure 18, it is clear that the concentration is always negative, and it decreases by increasing both β  

and r  values.   
 

 
Fig. 18. The concentration is plotted versus r, for different values of 𝛽  and for a system 
which has the particular values M=100, 𝛾=0.5, m=1.5, dp/dz=60, Pr=0.59, Ec=1.5, Da=0.05, 
Df=0.55, N=0.5, Sc=1, Sr=2, and L=1.5 
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The effects of some parameters such Prandtl number Pr , Eckert number Ec and Dufour number 
Df , on the concentration distribution φ , respectively are  found to be similar to the effect of β given 

in Figure 18 except that the obtained curves are very closed to those obtained in Figure 18. Finally, 
the concentration distribution φ  with r  for different values of the upper limit apparent viscosity 

coefficient γ  is illustrated in Figure 19. It is observed that the concentration distributionφ  is always 

negative and it increases by increasing γ  values, whereas it decreases by increasing r values.    

 

 
Fig. 19. The concentration is plotted versus r, for different values of 𝛾 and for a system which 
has the particular values M=100, m=1.5, dp/dz=60, Pr=0.59, Ec=1.5, Da=0.05, Df=0.55, N=0.5, 
Sc=1, Sr=2, L=1.5 and 𝛽 =0.4 

 
5. Conclusions 

    
In this paper, we have studied the effects of radiation with hall current on unsteady flow of an 

incompressible non-Newtonian fluid through porous medium. The thermal-diffusion and diffusion 
thermo effects are taken to our consideration. The governing equations were solved numerically by 
using Mathematica  after the condition of long wavelength with small Reynolds number were applied. 
We think that this paper deals with an important branch of fluid mechanics which has many 
important applications in many fields [27]. 

Peristaltic pumps are typically used to pump clean/sterile or aggressive fluids because cross 
contamination with exposed pump components cannot occur. Some common applications include 
pumping fluids through an infusion device, aggressive chemicals, high solids slurries and other 
materials where isolation of the product from the environment, and the environment from the 
product, are critical. It is also used in heart-lung machines to circulate blood during a bypass surgery 
as the pump does not cause significant hemolytic. Peristaltic pumps are also used in a wide variety 
of industrial applications. Their unique design makes them especially suited to pumping abrasives 
and viscous fluids. Moreover, Thermal-diffusion and diffusion-thermo effects is useful in various 
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scientific fields such as molecular and convective transport of particles, water evaporation, the   
chemical contamination diffusion in rivers and oceans  etc. 

The effects of various parameters of the problem on the velocity, temperature and concentration 
distributions are obtained and depicted graphically through a set of figures and the main results can 
be concluded as 

i. The axial velocity w  increases with  increase Hall parameter m . 
ii. The axial velocity w  decreases by increasing  both the  pressure gradient dzdp , Hartman 

number M , the upper limit apparent viscosity coefficient γ  and Darcy number Da . 

iii. The temperature θ  increases when the Prantl number Pr , Dufour number Df , the Soret 
numberSr , the heat source sink β  and the Eckert number Ec increase. 

iv. The temperature decreases when the upper limit apparent viscosity coefficient γ  and the 

radiation parameter N  increase. 
v. The concentration φ  increases when the radiation parameter N , the chemical reaction 

parameter L  and the upper limit apparent viscosity coefficient γ  increase. 

vi. The concentration φ decreases when the Schmidt numberSc , the Prantl number Pr , Dufour 

number Df , the Soret numberSr , the heat source sink β  and the Eckert number Ec

increase.   
   

6. Applications 
 

This problem may be useful in the following fields 
i. Juice production 

ii. Pizza sauce dispensing 
iii. Vitamin A & D injection 
iv. Ultra-filtration 
v. Transfer of fuels and lubricants 
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