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Abstract 

The peristaltic flow with heat and mass transfer for non-Newtonian fluid through non- darcy porous medium is investigated. 

The fluid obeys Casson model and the effects of Hall currents, Ohmic and viscous dissipations, heat generation and chemical 

reaction are taken into account. Problem is mathematically modulated using a system of partial differential equations 

describing velocity, temperature and concentration of the fluid. The non-dimensional partial differential equations are 

simplified using the approximations of long wavelength and low Reynolds number. Then this system subjected to appropriate 

boundary conditions is solved by using homotopy perturbation method. The effect of obtained solutions of velocity, 

temperatures and concentration as functions of the physical parameters of the problem are discussed computationally and 

illustrated graphically. It is shown that the velocity decreased by increasing of the magnetic field, non –Newtonian parameter, 

while it increases with non- darcian parameter and heat generation, also, the temperature decreases with increasing of Eckert 

and Grashoff numbers while it increases with heat generations. Dufour number and non-direction furthermore, the 

concentration decreases with Newtonian and magnetic parameters, while it increases with chemical reaction and Eckert 

number. 

 Key of words: Casson fluid, Heat and Mass transfer, non-darcy porous medium, Peristaltic transport. 
 

 

1. Introduction 

Peristaltic transport is a form of fluid transport via 

travelling waves imposed on the walls of a 

distensible fluid such as transporting urine from 

kidney to bladder, movement of food through 

esophagus, the vasomotion of small blood vessels, 

and chyme motion in the intestine [1]. Also, 

peristaltic transport has vital in several applications in 

industrial such as transporting corrosive fluids, roller 

pumps, and sanitary fluids [2]. Earlier several 

researchers have carried out the studied peristaltic 

flow with heat and mass transfer under different 

physical conditions.  Nadeem et al. [3] investigated 

the peristaltic flow of non-Newtonian third order 

fluid with heat and mass transfer analysis for a 

diverging tube. The effect of heat and mass transfer 

on the two dimensional peristaltic flow of a Johnson 

Segalman fluid considered induced magnetic field 

was studied by Nadeem and Akber [4]. Hayat and 

Hania [5] reported the peristaltic flow with heat mass 

transfer for Williamson fluid for non-uniform channel 

under slip conditions. Vaidya et al. [6] analysed 

peristaltic motion with effects of heat transfer for 

non-Newtonian Herschel-Bulkley fluid through a 

porous elastic tube. A peristaltic blood flow of non-

Newtonian Carreau fluid with heat transfer 

phenomenon through a curved channel was discussed 

by Tanveer et al. [7]. 

On the last few years several researchers studied 

fluid flow through Magneto hydrodynamic (MHD) in 

bio-medical and industry such as usage the magnetic 

field as a blood pump in carrying out cardiac 

https://boundaryvalueproblems.springeropen.com/articles/10.1186/1687-2770-2013-48#auth-Rasha_A-Abdelkhalek
https://www.sciencedirect.com/science/article/pii/S2211379721001182#!
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operations, and giant Magneto resistance sensors [8]. 

Mekheimer [9] analysed peristaltic transport for 

MHD flow has couple stress fluid flow with an effect 

of an induced magnetic field. The two-dimensional 

peristaltic transport with heat and mass transfer of 

Non-Newtonian micro polar fluid under wall 

properties effect was studied by Eldabe, and Abou-

Zaid [10]. Abbasi et al. [11] reported the MHD 

peristaltic transport of Carreau–Yasuda fluid taken 

Hall effects in a curved conduit. Influence of Hall 

current, homogeneous–heterogeneous reaction and 

Joule heating for non-Newtonian third order fluid on 

peristaltic flow in a channel was studied by Hayat et 

al. [12]. Bhatti et al. [13] presented MHD heat and 

mass transfer on the peristaltic motion for Sisko fluid 

flow in the presence of chemical reaction. Nawaz et 

al. [14] discussed the entropy generation of peristaltic 

motion with Soret and Dufour and slip conditions 

effect for Williamson fluid with radial magnetic field 

in curved channel. 

The main aim for the present work is 

investigating the combined effects of Soret, Dufour, 

Ohmic and viscous dissipations on the peristaltic 

flow of Casson fluid with heat and mass transfer. The 

system of resulting equations that govern the model 

is solved semi-analytically using homotopy 

perturbation technique. A set of graphs were used in 

analyzing results and conclusion. The paper has been 

presented sections wise as: The mathematical models 

and formulation of the problem is revealed in Section 

2. Section 3 explained the solution methodology. 

Section 4 Discusses results. Section 5 depicted the 

Concluding remarks. 

 

2. Mathematical Model  

2.1. Description of the Problem  

The peristaltic flow of an incompressible, 

electrically conducting non-Newtonian Casson’s 

fluid past a porous medium for a two-dimensional 

symmetric flexible channel of width d1 + d2 is 

investigated. A physical model is described in Fig. 1. 

Taking that, X-axis as the direction flow and 

considering Y-axis as normal to the flow. a1and b1 are 

amplitude of sinusoidal wave propagates along the 

channel walls with uniform speed 𝑽𝒄 at direction of 

X-axis. Appling strong constant magnetic field with 

flux densityB⃗⃗  =  (0, 0, Bo), taking Hall effects. 

Neglecting the induced magnetic field by assuming a 

very small magnetic Reynolds number. Assuming To 

and 𝐂𝐨 are temperature and concentration of fluid at 

the right wall while T1 and C1 are temperature and 

concentration of fluid at the left wall. Representing 

the wall geometry as: 

𝒀(𝒙, 𝒕) = ± 𝑯 = ±(𝒅 + 𝒂 𝐜𝐨𝐬[
𝟐𝝅

𝝀
(𝒙 − 𝑽𝒄𝒕)])   (1) 

Where : a ,b, 𝝀 are waves amplitudes and wave 

length  

 

 
Fig.1: Geometry of the problem 

 

2.2. Governing Equations 

The basic equations that govern the continuity, 

momentum, heat and concentration of the fluid can 

be written as [5]: 

Continuity equation: 

∇. 𝑉 = 0                                                                     (2)  

Momentum Equation:  

𝜌
𝜕�⃗⃗� 

𝜕𝑡
= −∇�⃗� + ∇. 𝜏 + e (𝐽 × �⃗� ) + 𝐹𝑃

⃗⃗⃗⃗ + 𝐹𝐶
⃗⃗⃗⃗ + 𝐹𝑇

⃗⃗⃗⃗  (3) 

eat equation:   

𝜌𝐶𝑃
𝜕𝑇

𝜕𝑡
= 𝑘∇2𝑇 +

𝐷𝑚𝐾𝑇

𝐶𝑆
∇2𝐶 +

1

𝜎
𝐽. 𝐽 + Φ +

𝑄(𝑇 − 𝑇0  )                                                                     (4) 

Concentration equation:  
𝜕𝐶

𝜕𝑡
= 𝐷∇2𝐶 +

𝐷𝑚𝐾𝑇

𝑇
∇2𝑇 − 𝐾𝐶( 𝐶 − 𝐶0 )                 (5)  

 

Where, 𝜌 is the fluid density, �⃗�  is the velocity 

vector of fluid, 𝑃 is the pressure, 𝐹𝑝 is the porous 

force, 𝐹𝐶 is the thermal expansion due to 

concentration, , 𝐹𝑇 is thermal expansion due to 

temperature, 𝐶𝑃is the specific heat for constant 

pressure, 𝑇 is the temperature, 𝑘 is thermal 

conductivity, 𝐷𝑚is the coefficient of mass diffusivity, 

𝑘𝑇is the thermal diffusion ratio, 𝐶𝑠is concentration 

susceptibility, 𝐶 is the concentration, 𝜎 is the electric 

conductivity,  Φ is viscous dissipation,  𝑄 is heat 

source constant,  

𝐽   is current density which is formulation using the 

generalized Ohm's law [15-17]: 

J  = σ [ E⃗⃗ +   V⃗⃗ ×  B⃗⃗  –  γ( J  ×  B⃗⃗ )]                   (6) 

Where, 𝛾 is the Hall factor. Assuming no applied 

or polarization voltage so the total electric field (𝐸 ⃗⃗  ⃗ =

0). Lorentz force can be representing as:  

𝐽 ⃗⃗ × �⃗� =
−𝜎𝐵0

2

(1+𝑚2)
[(𝑈 − 𝑚𝑉)𝑖  ⃗ + (𝑚𝑈 + 𝑉)𝐽         (7)                                                                   

Where, U and V are the X and Y components of the 

velocity vector,  𝑚 = 𝜎𝛾𝐵𝑜 is Hall parameter. 
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The equation of isotropic rheological for 

incompressible Casson fluid flow [18, 19] can be 

defined as: 

𝑡𝑖𝑗 =

{
 

 2 (𝜇𝐵 +
𝑃𝑦

2𝜋
) 𝑒𝑖𝑗     𝜋 > 𝜋𝑐

2 (𝜇𝐵 +
𝑃𝑦

2𝜋𝑐

) 𝑒𝑖𝑗   𝜋 > 𝜋𝑐

 

Where, 𝑡𝑖𝑗 is shear stress, 𝜋 is the product of the 

component of deformation rate with itself, 𝜋𝑐 is the 

critical value, 𝜇𝐵 is plastic dynamic viscosity,  𝑒𝑖𝑗  is 

the deformation rate, and 𝑃𝑦 is the yield stress of the 

fluid where: 

𝑃𝑦 =
𝜇𝐵√2𝜋

𝛽
 

Where, 𝛽 is the Casson’s parameter. 

Using the above assumptions governing equations 

are: 

 
𝜕𝑈

𝜕𝑋
+

𝜕𝑉

𝜕𝑌
= 0                                                     (8)  

 

𝜌 (
∂U

∂T
+ U

∂U

∂X
+ V

∂U

∂Y
) =

−∂P

∂X
+ μ (1 +

1

β
) 

(
∂2U

∂X2
+

∂2U

∂Y2
) −

σB0
2

1 + m2
 (U − mV) 

+ρgBT(T − T∞) + ρgBC(C − C∞) 

 −
μ

k
U −

ρn

k
(U√(U2 + V2) )                                 (9) 

𝜌 (
𝜕𝑉

𝜕𝑇
+ 𝑈

𝜕𝑉

𝜕𝑋
+ 𝑉

𝜕𝑉

𝜕𝑌
) =

−𝜕𝑃

𝜕𝑌
+ 𝜇 (1 +

1

𝛽
) 

(
𝜕2𝑉

𝜕𝑋2
+

𝜕2𝑉

𝜕𝑌2
) −

𝜎𝐵0
2

1 + 𝑚2
 (𝑈𝑚 − 𝑉) 

 −
𝜇

𝑘
𝑉 −

𝜌𝑛

𝑘
(𝑉√(𝑈2 + 𝑉2) )                             (10)  

𝜌𝐶𝑃 (
𝜕𝑇

𝜕𝑇
+ 𝑈

𝜕𝑇

𝜕𝑋
+ 𝑉

𝜕𝑇

𝜕𝑌
) = 𝑘 (

𝜕2𝑇

𝜕𝑋2
+

𝜕2𝑇

𝜕𝑌2
) 

+𝜇 (1 +
1

𝛽
) (2 (

𝜕𝑈

𝜕𝑋
)
2

+ 2(
𝜕𝑉

𝜕𝑋
)
2

+ (
𝜕𝑈

𝜕𝑌
+

𝜕𝑉

𝜕𝑋
)
2

) 

+
𝐷𝑚𝐾𝑇

𝐶𝑠
(

𝜕2𝐶

𝜕𝑋2 +
𝜕2𝐶

𝜕𝑌2)
𝜎𝐵0

2

1+𝑚2  (𝑈
2 + 𝑉2)𝑄(𝑇 − 𝑇0)(11) 

(
𝜕𝐶

𝜕𝑇
+ 𝑈

𝜕𝐶

𝜕𝑋
+ 𝑉

𝜕𝐶

𝜕𝑌
) = 𝐷𝑚 (

𝜕2𝐶

𝜕𝑋2
+

𝜕2𝐶

𝜕𝑌2
) 

+
𝐷𝑚𝐾𝑇

𝑇𝑚
(

𝜕2𝑇

𝜕𝑋2 +
𝜕2𝑇

𝜕𝑌2)𝐾𝐶(𝐶 − 𝐶0)                      (12) 

Using the transformations  

𝑥 = 𝑋 − 𝑉𝑐𝑡 , 𝑦 = 𝑌, 𝑢 = 𝑈 − 𝑉𝑐  , 𝑣 = 𝑉 , 𝑝(𝑥) =
𝑃(𝑋, 𝑡)                                                                (13) 

Where, u and v are velocity components.  
 Consider the following non – dimensional quantities 

x̅ =
x

λ
 , y̅ =

y

d
 , u̅ =

u

vc

 , v̅ =
v

δvc

 , h =
H

d
 , δ =

d

λ
   

, P̅ =
d2P

μvcλ
 , Re =

vcd

γ
 , 𝜑 =

𝐶 − 𝐶0

𝐶1 − 𝐶0

 , 𝜃 =
𝑇 − 𝑇0

𝑇1 − 𝑇0

 

 , 𝜖 =
𝑎

𝑑
 , �̅� =

𝜓

𝑣𝑐𝑑
 ,𝑀 =

𝜎𝑑2𝐵0
2

𝜇(1 + 𝑚2)
  , 𝐺 =

𝑄𝑑2

𝜇𝐶𝑃

 , 

𝐸𝑐 =
𝑣𝑐

2

𝐶𝑃(𝑇1 − 𝑇0)
 , 𝐷𝑓 =

𝜌𝐷𝑚𝐾𝑇(𝐶1 − 𝐶0)

𝜇𝐶𝑃𝐶𝑆

   

, 𝑆𝑟 =
𝐷𝑚𝐾𝑇(𝑇1 − 𝑇0)

𝜈𝑇𝑚(𝐶1 − 𝐶0)
  , 𝑆𝑐 =

𝜈

𝐷𝑚

  , 𝜆 =
𝐾𝐶𝑑

2

𝜈
 

, 𝐹 =
𝑛𝑉𝐶𝑑

2

𝜈𝐾
  

 

Where , ReReynolds number, M is magnetic 

parameter is𝑃𝑟  is Prandtl number, 𝑆𝑐 is Schmidt 

number, 𝑆𝑟is Soret number, 𝐸𝑐 is Eckert number, DF 

is Dufour number and F is non darcian parameter. 

Introduce the stream function ψ such that  

𝑢 =
𝜕 𝜓

𝜕𝑦
  𝑎𝑛𝑑 𝑣 = − 

𝜕 𝜓

𝜕𝑥
   

Using the non-dimensional variables the 

equations (8)-(12) can be written as: 

[1 +
1


]

𝜕3𝜓

𝜕𝑦3 − (𝑀 +
1

𝑘
) (

𝜕𝜓

𝜕𝑦
+ 1) − 𝐹 (

𝜕𝜓

𝜕𝑦
+ 1)

2

+

𝐺𝑟𝜃 + 𝐺𝑐𝜑 = 𝐴                                                 (14) 

(


2

𝜃

 𝑦2
) + 𝑃𝑟𝐷𝑓 (


2

𝜑

 𝑦2
) + 𝑀𝐸𝑐𝑃𝑟 (

𝜕𝜓

𝜕𝑦
+ 1)

2

 

+(1 +
1


)𝐸𝑐𝑃𝑟 (


2

ψ

 𝑦2
) + 𝐺𝑃𝑟𝜃 = 02     (15) 

(


2

𝜑

 𝑦2
) + 𝑆𝑐𝑆𝑟 (


2

𝜃

 𝑦2
) − 𝜆0 𝜑 = 0             (16) 

Boundary conditions can be written as: 

at  y = h ,
𝜕𝜓
𝜕𝑦

= −1, θ = 1 , φ = 1 

 at    y = −h ,
𝜕𝜓
𝜕𝑦

= −1, θ = 0 , φ = 0            (17)  

and 𝜓 = 0   at y = 0  

where h = 1+∈ cos(2𝜋𝑥) 

 

3. Semi-analytical Solution  

Many physics problems are modelled by 

differential equations which are difficult to have their 

exact solutions. The homotopy perturbation method 

is a way to have approximate solutions for nonlinear 

problems analytically. It was developed first by He 

[20, 21] and represented by Wu and He [22].  

Solving equations (14-16) subjected to boundary 

conditions (17). The homotopy perturbation 

technique is applied, and the solutions obtained are 

functions of the physical parameters of the problem. 

 These solutions can be written as: 

ψ = 𝑆50 𝑦
11 + 𝑆51 𝑦

9−𝑆52 𝑦
8+𝑆65 𝑦

7 

+𝑆54 𝑦
6 + 𝑆66 𝑦

5 + 𝑆67 𝑦
4 

+𝑆68 𝑦
3 +  𝑆69 𝑦

2 + 𝑆70 𝑦                                    (18) 

𝜃 = −𝑆94 𝑦
10 + 𝑆95 𝑦

8+𝑆96 𝑦
7+𝑆102 𝑦

6 

+𝑆98 𝑦
5 + 𝑆103𝑦

4 + 𝑆104 𝑦
3−𝑆105𝑦

2 

+𝑆106𝑦 + 𝑆107                                                       (19) 

𝜑 = 𝑆114 𝑦
6 + 𝑆115 𝑦

5+𝑆116 𝑦
4+𝑆121 𝑦

3 +
𝑆122 𝑦

2 + 𝑆123𝑦 + 𝑆124                                         (20)  

Where (𝑆0 − 𝑆124)  are the functions of x and defined 

in the appendix. 
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4. Results and physical discussion: 

In this section, the results for the peristaltic flow 

of Casson fluid in a symmetric channel considering 

heat and mass transfer are presented graphically and 

discussed for different various parameters on 

velocity, temperature and concentration distributions. 

The graphical results are illustrated in Figures (2-34). 

Figures (2-12) illustrated the relations between 

the velocity field 𝑢 = ψ𝑦 and the different 

parameters of the problem. It is clear that the velocity 

decreases by the increasing of magnetic field 

parameter M, the non –Newtonian Casson parameter 

𝛽and the chemical reaction parameter 𝜆0 .These 

results well agreement physically with the effect of 

Lorentz force which retard the fluid motion, as well 

as the increasing of viscosity of non-Newtonian fluid 

decreasing velocity of fluid. Furthermore, the 

velocity increases with non-darcian parameter F, this 

due to the increased of the porosity of the medium. 

Also , the velocity increases with increasing the 

Grashoff G𝑟 ,Prandtl P𝑟 ,Eckert E𝑐 numbers and heat 

generation G.This due to the fact that , the cohesion 

and coherence between the molecules of  the fluid 

decrease with increasing the fluid temperature , 

which increases the flow of the fluid. 

Figures (13 - 25)discussed the relations between 

the temperature 𝜃 and different values of the physical 

parameters of the problem , It shown that, 

temperature increases with the non-darcian parameter 

F, heat generation G , the Dufour parameter D𝑓 while 

it decreases with 𝜆0 and Prandtl number P𝑟 

.Increasing of Casson parameter 𝛽 , Eckert number  

E𝑐 , Grashoff number G𝑟 , modified Grashoff number 

G𝑐 and magntic parameter M . Also , the relations 

between the concentration 𝜑 and the physical 

parameters of the fluid are illustrated through the 

figures (26- 34) .It is seen that the concentration 

decreases by increasing Casson parameter 𝛽 

,magnetic field parameter M , Soret and Shimited 

numbers , and heat generations while it increases 

with increasing the chemical reactions  𝜆0 . 

 
 

 
Fig.2. Effect of M on velocity u  

Where k=0.6, F= 0.2, Gr= 0.5, Gc= 0.4, Pr= 0.6,G= 

0.3, Ec= 0.6, λ0= 0.1, Df= 3, Sc= 3, Sr= 3, β = 0.2 

 

 
Fig.3. Effect of β on velocity u  

Where k=0.6,F=0.2, Gr =0.5, Gc= 0.4, Pr= 0.6,G= 

0.3, Ec= 0.6, λ0= 0.1, Df= 3, Sc= 3, Sr= 3,M=4 

 

 
Fig.4. Effect of λ0 on velocity u  

Where k= 0.6,F= 0.2, Gr= 0.5, Gc=0.4, Pr= 0.6,G= 

0.3, Ec= 0.6, Df= 3, Sc= 3, Sr=3, β = 0.2, M=4 

 

 
Fig.5Effect of F on velocity u 

Where k= 0.6,Gr= 0.5, Gc= 0.4, Pr= 0.6,G= 0.3, Ec= 

0.6, λ0= 0.1, Df= 3, Sc= 3, Sr=3 , β = 0.2, M=4 

 

 
Fig.6. Effect of F on velocity u 

Where k=0.6, Gr= 0.5, Gc= 0.4, Pr= 0.6,G= 0.3, Ec= 

0.6, λ0= 0.1, Df= 3, Sc= 3, Sr= 3, , β =  0.2,M = 4 
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Fig.7. Effect of G𝑟 on velocity u  

Where k= 0.6,F= 0.2, Gr= 0.5, Gc= 0.4, Pr= 0.6,G= 0.3, Ec= 

0.6, λ0= 0.1, Df= 3, Sc=3, Sr=3 , β =  0.2,M = 4 

 

 
Fig.8. Effect of P𝑟 on velocity u  

 Where k= 0.6, F= 0.2, G𝑟= 0.5, G𝑐= 0.4,G= 0.3, E𝑐= 

0.6, 𝜆0= 0.1, D𝑓=3, S𝑐=3, S𝑟=3 , 𝛽 =  0.2,M = 4 

 
Fig.9. Effect of Ec on velocity u   

Where k= 0.6,F= 0.2, Gr= 0.5, Gc= 0.4, Pr= 0.6,G= 0.3, λ0= 

0.1, Df= 3, Sc=3, Sr=3, β = 0.2,M=4 

 

 
Fig.10. Effect of G on velocity u  

Where k= 0.6,F= 0.2, Gr= 0.5, Gc= 0.4, Pr= 0.6, Ec= 

0.6, λ0= 0.1, Df= 3, Sc=3, Sr=3, β = 0.2, M=4 

 

 
Fig.11. Effect of Gc on velocity u   

Where k= 0.6,F= 0.2, Gr= 0.5, Pr= 0.6,G= 0.3, Ec= 0.6, λ0= 

0.1, Df=3, Sc=3, Sr=3, β = 0.2, M=4 

 

 
Fig.12. Effect of k on velocity u 

Where F=0.2, Gr =0.5, Gc=0.4, Pr=0.6,G=0.3 

, Ec=0.6, λ0=0.1, Df=3, Sc=3, Sr=3, β = 0.2, M=4 

 

 
Fig.13. Effect of F on temperature θ  

Where k= 0.6, Gr= 0.5, Gc= 0.4, Pr= 0.6,G= 0.3, Ec= 

0.6, λ0= 0.1, Df= 3, Sc= 3, Sr= 3, β = 0.2, M=4 

 

 

 
Fig.14. Effect of G on temperature θ  

Where k= 0.6,F= 0.2, Gr= 0.5, Gc= 0.4, Pr= 0.6, Ec= 

0.6, λ0= 0.1, Df= 3, Sc= 3, Sr=3, β = 0.2, M=4 

 



 W. Abbas et.al. 

_____________________________________________________________________________________________________________ 

________________________________________________ 

Egypt. J. Chem. Vol. 64, No. 9 (2021) 

5220 

 
Fig.15 Effect of D𝑓on temperature θ  

Where k= 0.6,F= 0.2, G𝑟= 0.5, G𝑐= 0.4, P𝑟= 0.6,G= 0.3, E𝑐= 

0.6, 𝜆0= 0.1, S𝑐= 3, S𝑟= 3, 𝛽 = 0.2, M= 4 

 

 
Fig.16. Effect of𝜆0on temperature θ  

Where k= 0.6,F= 0.2, G𝑟= 0.5, G𝑐= 0.4, P𝑟= 0.6,G= 0.3, E𝑐= 

0.6, D𝑓=3, S𝑐= 3, S𝑟=3, 𝛽 = 0.2, M= 4 

 

Fig.17. Effect of P𝑟  on temperature θ 

Where k= 0.6,F= 0.2, G𝑟= 0.5, G𝑐= 0.4,G= 0.3, E𝑐= 

0.6, 𝜆0= 0.1, D𝑓= 3, S𝑐= 3, S𝑟= 3, 𝛽= 0.2, M= 4 

 

 
Fig.18 Effect of 𝛽 on temperature θ  

Where k= 0.6,F= 0.2, G𝑟= 0.5, G𝑐= 0.4, P𝑟= 0.6,G= 

0.3, E𝑐= 0.6, 𝜆0= 0.1, D𝑓= 3, S𝑐= 3, S𝑟= 3, M=4 

 
Fig.19. Effect of E𝑐  on temperature  θ   

Where k= 0.6,F= 0.2, G𝑟= 0.5, G𝑐= 0.4, P𝑟= 0.6,G= 0.3, 𝜆0= 

0.1, D𝑓= 3, S𝑐= 3, S𝑟= 3, 𝛽 = 0.2, M= 4 

 

Fig.20. Effect of G𝑟 on temperature θ   

Where k= 0.6,F= 0.2, G𝑐= 0.4, P𝑟= 0.6,G= 0.3, E𝑐= 0.6, 𝜆0= 

0.1, D𝑓= 3, S𝑐= 3, S𝑟= 3, 𝛽 = 0.2, M= 4 

 

 
Fig.21. Effect of G𝑐 on temperature θ   

Where k= 0.6,F= 0.2, G𝑟= 0.5, P𝑟= 0.6,G= 0.3, E𝑐= 0.6, 𝜆0= 

0.1, D𝑓= 3, S𝑐= 3, S𝑟= 3, 𝛽 = 0.2, M= 4 

 

 
Fig.22. Effect of M on temperature  θ  

Where k=0.6,F=0.2, G𝑟= 0.5, G𝑐= 0.4, P𝑟= 0.6,G= 0.3, E𝑐= 

0.6, 𝜆0= 0.1, D𝑓= 3, S𝑐= 3, S𝑟= 3, 𝛽 = 0.2 
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Fig.23. Effect of S𝑐  on temperature θ  

Where k= 0.6,F= 0.2, G𝑟= 0.5, G𝑐=0.4, P𝑟= 0.6,G= 0.3, E𝑐= 

0.6, 𝜆0= 0.1, D𝑓= 3, S𝑟= 3, 𝛽 = 0.2, M= 4 

 

 
Fig.24. Effect of S𝑟on  temperature θ  

Where k= 0.6,F= 0.2, G𝑟= 0.5, G𝑐= 0.4, P𝑟= 0.6,G= 0.3, E𝑐= 

0.6, 𝜆0= 0.1, D𝑓=3, S𝑐= 3, 𝛽 = 0.2, M= 4 

 

 
Fig.25. Effect of k on  temperature θ  

Where k=0.6, G𝑟 =0.5, G𝑐=0.4, P𝑟=0.6,G=0.3, E𝑐=0.6 

, 𝜆0=0.1, D𝑓=3, S𝑐=3, S𝑟=3, 𝛽 = 0.2, M=4 

 

 
Fig.26. Effect of 𝛽 on concentration 𝜑  

Where k= 0.6,F= 0.2, G𝑟= 0.5, G𝑐= 0.4, P𝑟= 0.6,G= 0.3, E𝑐= 

0.6, 𝜆0= 0.1, D𝑓= 3, S𝑐= 3, S𝑟=3, M= 4 

 

 
Fig.27. Effect of M on concentration 𝜑 

Where k=0.6,F= 0.2, G𝑟= 0.5, G𝑐= 0.4, P𝑟= 0.6,G= 0.3, E𝑐= 

0.6, 𝜆0= 0.1, D𝑓= 3, S𝑐=3, S𝑟=3, 𝛽 = 0.2 

 

 
Fig.28. Effect of S𝑐 on concentration 𝜑   

Where k= 0.6,F= 0.2, G𝑟= 0.5, G𝑐= 0.4, P𝑟= 0.6,G= 0.3, E𝑐= 

0.6, 𝜆0= 0.1, D𝑓= 3, S𝑟= 3, 𝛽 = 0.2, M= 4 

 

 
Fig.29. t. Effect of G on concentration  𝜑 Where k= 0.6,F= 

0.2, G𝑟= 0.5, G𝑐= 0.4, P𝑟= 0.6, E𝑐= 0.6, 𝜆0= 0.1, D𝑓= 3, S𝑐= 

3, S𝑟= 3, 𝛽 = 0.2, M= 4 

 

 
Fig.30.Effect of G𝑟   on concentration  𝜑  

 Where k= 0.6,F= 0.2,G𝑐= 0.4, P𝑟= 0.6,G= 0.3, E𝑐= 0.6, 𝜆0= 

0.1, D𝑓= 3, S𝑐= 3, S𝑟= 3, 𝛽 = 0.2, M= 4 
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Fig.31. Effect of G𝑐 on concentration 𝜑  

Where k= 0.6,F= 0.2, G𝑟= 0.5, P𝑟= 0.6,G= 0.3, E𝑐= 0.6, 𝜆0= 

0.1, D𝑓= 3, S𝑐= 3, S𝑟= 3, 𝛽 = 0.2, M= 4 

 

 
Fig.32. Effect of 𝜆0on concentration 𝜑  

Where k= 0.6,F= 0.2, G𝑟= 0.5, G𝑐= 0.4, P𝑟= 0.6,G= 0.3, E𝑐= 

0.6, D𝑓= 3, S𝑐= 3, S𝑟= 3, 𝛽 = 0.2, M= 4 

 

 
Fig.33. Effect of P𝑟 on concentration 𝜑  

Where k= 0.6,F= 0.2, G𝑟= 0.5, G𝑐= 0.4, P𝑟= 0.6,G= 0.3, E𝑐= 

0.6, 𝜆0= 0.1, D𝑓= 3, S𝑐= 3, S𝑟= 3, 𝛽 = 0.2, M= 4 

 
Fig.34. Effect of 𝑘on concentration 𝜑  

Where F= 0.2, G𝑟 = 0.5, G𝑐= 0.4, P𝑟= 0.6 

,G= 0.3, E𝑐= 0.6, 𝜆0= 0.1, D𝑓= 3, S𝑐= 3, S𝑟= 3, 𝛽 = 0.2, 

M=4 

 

5. Conclusion 

This paper studied flow of the electrically 

conducting Casson fluid inside a vertical symmetric 

channel with flexible walls taking heat and mass 

transfer, Hall coefficient, viscous and elastic 

dissipation, heat generation and chemical reaction. 

The solution of non-linear partial differential 

equations which represent the velocity, temperature 

and concentration are obtained after applying the 

approximations of long wave length and low 

Reynolds number, with homotopy perturbation 

method. The influence of the physical parameters of 

the problem on these solutions are discussed 

numerically and graphically. 

The very important results can be summarized 

as: 

• The velocity u decreases by increasing magnetic 

field parameter M, non–Newtonian Casson 

parameter 𝛽and the chemical reaction parameter𝜆0. 

•   The velocity u increases with non-darcian 

parameter, the Grashoff G𝑟 , Prandtl P𝑟  Eckert E𝑐 

numbers and heat generation G. 

•   The temperature 𝜃 increases with the non-darcian 

parameter F, heat generation G, and the Dufour 

parameter D𝑓 . 

•   The temperature 𝜃 decreases with 𝜆0 and Prandtl 

number P𝑟 .Increasing of Casson parameter, Eckert 

number  E𝑐 , Grashoff numberG𝑟 , modified 

Grashoff number G𝑐 and magntic parameter. 

•   The concentration  𝜑 decreases by increasing 

Casson parameter 𝛽, magnetic field parameter M, 

Soret S𝑟and Shimited numbers S𝑐 and heat 

generations G  

•   The concentration  φ increases with increasing 

the chemical reactions  λ0 .  
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