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A Numerical study of peristaltic transport of heat and mass transfer for a couple 
stresses non-Newtonian nano fluid through porous media inside asymmetric channel 
was investigated. The system is stressed by an external uniform magnetic field. This 
model is solved numerically subjected to an approbate boundary conditions using a 
Rung-Kutta-Merson method under assumption of the long wave length and low range 
of Reynolds number. The velocity, temperature and concentration of nanoparticles are 
obtained as a function of the physical parameters of the problem. The effects of these 
parameters on these solutions are discussed numerically and illustrated graphically 
through some graphs It is clear that the effects of the physical parameters of the 
problem on these solutions play an important rule to control the obtained solutions. 
The velocity profile decreases when Hartmann number increasing. This seems realistic, 
because the magnetic field acts in the transverse direction to the flow and magnetic 
force resists the flow, The velocity increasing when the fluid material parameter 
increasing because fluid becomes less viscous, The variation of temperature increasing 
with increasing values of Brownain motion parameter and porosity parameter, The 
variation of Concentration decreasing with increasing of thermophoresis parameter 
and Radiation parameter inside the used channel. 
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1. Introduction 
 

Nanotechnology is a huge scientific revolution no less than the industrial revolution that moved 
man to the era of machinery or the revolution of technology that moved man to the age of space, 
communications and the Internet, and a comprehensive development in various fields and all 
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branches of science. At a lower cost and higher quality, this ability will be the key to scientific 
advancement that will transform life in such a way that one cannot imagine all its dimensions today. 
In medicine, gold-plated nanostructures are used to destroy cancer cells. The length of these 
nanostructures is about 120 nanometers, which is 170 times smaller than the size of a cancer cell. 
When injected into the body, these nanostructures are automatically bound to cancer cells, and are 
then exposed to radiation. Infrared laser, which works to heat and raise the temperature of gold, 
which leads to the combustion and death of these cells, and this method, is characterized by accuracy 
and positional because of the small Nano cellular envelopes for the cells and the concentration of 
diseased cells only, which makes healthy cells away from the risks of effects Lateral. Kothandapani 
and Prakash [1] have studied the nanofluids particles on the peristaltic flow of Williamson fluid with 
thermal radiation. Nield and Kuznetsov [2] investigated the natural convective boundary layer flow 
of nanofluid over a flat vertical plate. The effects of endoscope on the peristaltic transport of 
nanofluids have been studied by Akbar and Nadeem [3]. Gireesha et al., [4] have studied the effects 
of dust particles suspended in a nano fluid flow past a stretching surface. Noreen sher Akbar et al., 
[5] studied peristaltic flow of a nano fluid in anon–uniform tube. Nadeem et al., [6] studied effects of 
heat and mass transfer on per is taltic flow of a nano fluid between eccentric cylinders. 

Peristaltic motion is a wave of contractions and diastoles that push the fluid, making it easier to 
move along the path. Peristalsis is an intrinsic property of various biological systems with smooth 
muscles as well as tubes that transport fluid through the vessels as a result of the motive movement. 
A clear example of this movement is the movement of urine from the kidney to the bladder, the 
movement of food within the gastrointestinal tract, and also the movement of eggs within the 
fallopian tube and so on. Hayat et al., [7] have studied peristaltic flow of couple-stress fluid with heat 
and Mass Transfer: An application in biomedicine. Noreen [8] discussed the Peristaltic flow of a 
tangent hyperbolic fluid with convective boundary condition. Nadeem et al., [9] have studied 
peristaltic flow of hyperbolic tangent fluid in a diverging tube with heat and mass transfer. Eldabe 
and Abou-zeid [10] have studied magneto hydrodynamic peristaltic flow with heat and mass transfer 
of micro polar biviscosity fluid through a porous medium between two co-axial tubes. Eldabe and 
Abou-zeid [11] have studied the radially varying magnetic field effect on peristaltic motion with heat 
and mass transfer of a non-Newtonian fluid between two Co-axial tubes. These are attracted several 
investigators to studied the peristaltic transport under long wavelength and low Reynolds number 
approximations. 

The analysis of the fluid flow in porous media has evolved throughout the years along two fronts: 
experimental and analytical. Physicists, engineers and hydrologists have experimentally examined 
the behavior of various fluids as they flow through porous media ranging from sand packs to fused 
Pyrex glass. On the basis of their analyses they have attempted to formulate laws and correlations 
that can then be utilized to make analytical predictions for similar systems . Eldabe et al., [12] have 
investigated numerical study of viscous dissipation effect on free convection heat and mass transfer 
of MHD non-Newtonian fluid flow through a porous medium. Eldabe et al., [13] have studied effects 
of chemical reaction on a peristaltic motion of MHD biviscosity fluid with heat and mass transfer 
through a porous medium in an inclined asymmetric Channel. Abou-zeid [14] discussed the magneto 
hydrodynamic boundary layer heat transfer to a stretching sheet including viscous dissipation and 
internal heat generation in a porous Medium. Eldabe et al., [15] have studied The Hall effects on the 
peristaltic transport of williamson fluid through a porous medium with heat and mass transfer. 
Ramesh and Devakar [16] studied the magneto hydrodynamic peristaltic transport of couple stress 
fluid through porous medium in an inclined asymmetric channel with heat transfer. 

The mathematical forms of the relationships designed to describe flow behavior of the fluids. will 
vary depending upon characteristics of the fluid. Hina et al., [17] have studied the peristaltic transport 
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of Powell–Eyring fluid in a curved channel with heat/mass transfer and wall properties. The Eyring-
Powell model [18] although more mathematically complex, has certain advantages over the second 
grade, Maxwell, Power-law and Micropolar fluid models. Eyring-Powell model is derived from the 
kinetic theory of liquids rather than the empirical relations. It correctly reduces to Newtonian 
behavior for low and high shear stress. Haider et al., [19] have studied the Unsteady incompressible 
Couette flow problem for the Eyring-Powell model with porous walls. Eldabe et al., [20] have studied 
the peristaltic transport of magnetohydrodynamic Carreau nanofluid with heat and mass transfer 
inside asymmetric channel. Siva et al., [21] have studied the combined effect of heat and mass 
transfer on MHD peristaltic transport of a couple stress fluid in an inclined asymmetric channel 
through a porous medium. Eldabe et al., [22] have studied the hall effect on peristaltic flow of third 
order fluid in a porous medium with heat and mass transfer. Alharbi et al., [25] have studied the 
entropy generation in MHD Eyring–Powell fluid flow over an unsteady oscillatory porous stretching 
surface under the impact of thermal radiation and heat source/sink. The hydromagnetic flow and 
heat transfer of Eyring-Powell fluid over an oscillatory stretching sheet with thermal radiation is 
investigated by Khan and Ali [26]. 

The main aim of this work is to study the peristaltic flow of Eyring-Powell nano fluid with heat 
and mass transfer through porous medium in asymmetric vertical channel. The couple stresses, 
radiation, uniform magnetic field, porous medium is taken in consideration. The analysis is performed 
under the long wavelength and low Reynolds number approximations. Then the numerical 
techniques based on the Rung-Kutta-Merson method is used to obtain the solution of the governed 
equations.  

 
2. Applications 
 

Nanotechnology plays a major role in improving the geometry of living tissues and cell therapy, 
including the use of living cells or natural or synthetic compounds that are grown within the body of 
the organism. Some researchers are now experimenting with experiments using silicon nanoparticles 
to stop the body's immune system from recognizing foreign cells. These capsules block antibodies 
from the body's immune system while enough insulin is released by nanoparticles into the blood. 
There has been a lot of researches on the importance of nanotechnology in diagnosing cancer cells 
[23] as shown in Figure 1. Nanoparticles also contribute to stronger, lighter, cleaner and smarter 
surfaces and systems. They are already used in the manufacture of crack-resistant paints, transparent 
sunscreens, stain-resistant fabrics and self-cleaning windows. 
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Fig. 1. Using nanotechnology to probe the sensitivity of cancer to medicines 

 

Peristalsis, involuntary movements of the longitudinal and circular muscles, primarily in the 
digestive tract but occasionally in other hollow tubes of the body, that occur in progressive wavelike 
contractions. Peristaltic waves occur in the oesophagus, stomach, and intestines. The waves can be 
short, local reflexes or long, continuous contractions that travel the whole length of the organ, 
depending upon their location and what initiates their action   . In the oesophagus, peristaltic waves 
begin at the upper portion of the tube and travel the whole length, pushing food ahead of the wave 
into the stomach. Particles of food left behind in the oesophagus initiate secondary peristaltic waves 
that remove leftover substances [24] as shown in Figure 2. One wave travels the full length of the 
tube in about nine seconds. The peristaltic-wave contractions in the oesophagus of humans are weak 
compared with those of most other mammals. In cud-chewing animals, such as cows, reverse 
peristalsis can occur so that the food is brought back from the restore it. 
 

 
Fig. 2. Peristalsis motion of GI tract 
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3. Mathematical Formulation of the Problem 
 
The Cartesian coordinates represented in X and Y are considered as shown in Figure 3, where the 

width of the channel is d1+d2. The fluid motion is considered to be induced by a sinusoidal wave train 
with a wave speed c along the length of the channel walls. The walls equation is Y = H1 and Y= H2 
maintained at the temperatures To and T1 and concentrations Co and C1 respectively. The channel 
walls are represented by 
 

Y=H1(X, t) = d1+ a1coc(
2𝜋

λ∗
(𝑋 − c𝑡))            (1) 

 

Y=H2(X, t) = -d2 – a2 cos(
2𝜋

λ∗
(𝑋 − 𝑐𝑡) + ∅ )           (2) 

 

 
Fig. 3. Cartesian coordinates of 2-
Dimensional asymmetric channels 

 
Where a1, a2 are the amplitudes of the waves, the phase difference ∅ varies in the range 0 ≤ ∅ ≤ π, ∅ 
= 0 corresponds to the symmetric channel with waves out of phase and ∅ = π the waves are in the 
phase, and further a1, a2, d1, d2 and ∅ satisfy the condition 
 
a1

2 + b1
2+ 2a1 b1cos∅ ≤ (d1+d2)2           (3) 

 
The constitutive equation of the non-Newtonian Eyring-Powell model [18] is written as: 
 

𝜏̅ = 𝜇∇𝑉 +
1

𝛽
sinh−1 (

1

𝑐1
∇𝑉)            (4) 

 
where 𝜏̅ is extra stress tensor and 𝜇 is the dynamic viscosity 𝛽 and 𝑐1 are the characteristics of the 

Eyring-Powell model [19]. Taking the second order approximation of the function sinh−1 (
1

𝑐1
∇𝑉) as 



Journal of Advanced Research in Fluid Mechanics and Thermal Sciences 

Volume 68, Issue 2 (2020) 58-71 

63 
 

sinh−1 (
1

𝑐1
∇𝑉) =

1

𝑐1
∇𝑉 −

1

6
(
1

𝑐1
∇𝑉)

3

,         |
1

𝑐1
∇𝑉| ≪ 1        (5) 

A uniform magnetic field with magnetic flux density �⃗�  = (0, Bo, 0) is applied normal to axis of the 

channel. The expression for the current density 𝐽  can be written as [20]: 
 

𝐽  = 𝜎∗(�⃗� + �⃗� × �⃗� )      (6) 
 

where 𝜎∗ is the electrical conductivity of the fluid it is measured in siemens unit, �⃗�  is the velocity 
vector. 

Assume that there is no applied polarization voltage so that the total electric field �⃗�  can be 
neglected and the magnetic Reynolds number is very small so that the induced magnetic field can be 
neglected. The basic equations which describe this motion can be written as [20] 
 
Continuity equation 
 
𝜕𝑈

𝜕𝑋
+
𝜕𝑉

𝜕𝑌
= 0        (7) 

 
Momentum equations 
 

𝜌𝑓 ( 
𝜕𝑈

𝜕𝑡
+ 𝑈

𝜕𝑈

𝜕𝑋
+ 𝑉

𝜕𝑈

𝜕𝑌
 ) = −

𝜕𝑃

𝜕𝑋
+
𝜕𝜏𝑋𝑋

𝜕𝑋
+
𝜕𝜏𝑋𝑌

𝜕𝑌
− η(

𝜕4𝑈

𝜕𝑋4
+
𝜕4𝑈

𝜕𝑌4
) −

𝜇

𝑘𝑜
U − 𝜎∗𝐵𝑜

2U +  

                                                 𝜌𝑓g𝛽𝑡(T − 𝑇𝑜) + 𝜌𝑓g𝛽𝑐(C − 𝐶𝑜)                                 (8) 

 

𝜌𝑓 ( 
𝜕𝑉

𝜕𝑡
+ 𝑈

𝜕𝑉

𝜕𝑋
+ 𝑉

𝜕𝑉

𝜕𝑌
 ) = −

𝜕𝑃

𝜕𝑌
+
𝜕𝜏𝑌𝑋

𝜕𝑋
+
𝜕𝜏𝑌𝑌

𝜕𝑌
− η(

𝜕4𝑉

𝜕𝑋4
+
𝜕4𝑉

𝜕𝑌4
) −

𝜇

𝑘𝑜
V                  (9) 

 
Heat equation 
 

(𝜌𝑐)𝑓 (
𝜕𝑇

𝜕𝑡
+ 𝑈

𝜕𝑇

𝜕𝑋
+ 𝑉

𝜕𝑇

𝜕𝑌
) = 𝑘 (

𝜕2𝑇

𝜕𝑋2
+

𝜕2𝑇

𝜕𝑌2
) +

𝐷𝑚𝑘𝑇 

𝑐𝑠
(
𝜕2𝐶

𝜕𝑋2
+

𝜕2𝐶

𝜕𝑌2
) + 𝜏𝑋𝑋

𝜕𝑈

𝜕𝑋
+ 𝜏𝑋𝑌

𝜕𝑈

𝜕𝑌
+

                                                     𝜏𝑌𝑋
𝜕𝑉

𝜕𝑋
+ 𝜏𝑌𝑌

𝜕𝑉

𝜕𝑌
 + (𝜌𝑐)𝑝 [

𝐷𝐵 (
𝜕𝐶

𝜕𝑋
 
𝜕𝑇

𝜕𝑋
+
𝜕𝐶

𝜕𝑌

𝜕𝑇

𝜕𝑌
)

+
𝐷𝑇 

𝑇𝑜
((

𝜕𝑇

𝜕𝑋
 )
2

+ (
𝜕𝑇

𝜕𝑌
 )
2

)
] −

1

(𝜌𝑐)𝑝
 
𝜕𝑞𝑟

𝜕𝑌
         (10) 

 
Concentration equation 
 

( 
𝜕𝐶

𝜕𝑡
+ 𝑈

𝜕𝐶

𝜕𝑋
+ 𝑉

𝜕𝐶

𝜕𝑌
) =  𝐷𝐵 (

𝜕2𝐶

𝜕𝑋2
+

𝜕2𝐶

𝜕𝑌2
) +

𝐷𝑇 

𝑇𝑜
(
𝜕2𝑇

𝜕𝑋2
+

𝜕2𝑇

𝜕𝑌2
)                  (11)    

 
Where 𝜌𝑓 is the density of the fluid, U and V are the velocities in X and Y directions, P is the pressure 

in fixed frame, 𝑘𝑜 is the permeability of the porous medium, T is the temperature of the fluid, βt is 
the thermal expansion coefficient, βc is the concentration expansion coefficient, C is the nanoparticle 
concentration, cs concentration. The radiation term can be written as 
 

𝑞𝑟 =
−4𝜎𝑠

3𝑘𝑒

𝜕𝑇4

𝜕𝑌
                        (12) 
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where 𝜎𝑠 represents the Stefan Boltzmann constant and 𝑘𝑒 is the mean absorption coefficient. 
Expanding the relation (12) by Tayler series, we get 
 
𝑇4 = 𝑇∞

4 + 4𝑇∞
3(𝑇 − 𝑇∞) + 6𝑇∞

2(𝑇 − 𝑇∞)
2 +⋯                   (13) 

 
By neglecting higher-order terms in the above Eq. (13), one finds see [22,25,26] 
 
𝑇4 ≈ 4𝑇∞

3𝑇 − 3𝑇∞
4                        (14) 

 
Defining a wave frame (x, y) with velocity c from the fixed frame (X, Y) with velocity components u, v 
where the following transformation is considered 
 
x = X – ct,     y = Y,     u = U – c,      v = V      and     p(x) = P(X, t)                 (15) 
 
Introducing the following non-dimensional variables 
 

�̅� =
𝑥

𝜆∗
  ,    �̅� =

𝑦

𝑑1
  ,   �̅� =

𝑢

𝑐
 ,   �̅� =

𝑣

𝑐𝛿
  ,   𝛿 =

𝑑1

𝜆∗
 ,   �̅� =

𝑑1
2𝑝

𝜇𝑐𝜆∗
 ,   𝑡̅ =

𝑐𝑡

𝜆∗
  ,      

 ℎ1 =
𝐻1

𝑑1
 , ℎ2 =

𝐻2

𝑑2
 , 𝑑 =

𝑑2

𝑑1
   , 𝑎 =

𝑎1

𝑑1
  , 𝑏 =

𝑎2

𝑑1
 , 𝑅𝑒 =

𝜌𝑓𝑐𝑑1

𝜇
 ,   𝜃 =

𝑇−𝑇𝑜

𝑇1−𝑇0
  ,

𝜎 =
𝐶−𝐶𝑜

𝑐1−𝐶𝑜
 ,   𝑆2 =

𝜇1𝑑1
2

𝜂
 ,   𝐺𝑟 =

𝜌𝑓𝑔𝛽𝑡𝑑1
2(𝑇1−𝑇𝑜)

𝑐𝜇
  , 𝛾 =

𝑘1𝑑1
2

𝜇

          𝐺𝑐 =
𝜌𝑓𝑔𝛽𝑐𝑑1

2(𝐶1−𝐶𝑜)

𝑐𝜇
 ,   𝑀2 =

𝜎∗𝐵𝑜
2𝑑1

2

𝜇
  , 𝑝𝑟=

𝐶𝑝𝜇

𝑘
   ,   𝑘 =

𝑘𝑜

𝑑1
2     

, 𝜏�̅�𝑥 =
𝜆∗

𝜇𝑐
𝜏𝑥𝑥   , 𝜏�̅�𝑦 =

𝑑1

𝜇𝑐
𝜏𝑥𝑦   , 𝜏�̅�𝑦 =

𝑑1

𝜇𝑐
𝜏𝑦𝑦 ,

      , 𝐸𝑐 =
𝑐2

𝐶𝑝(𝑇1−𝑇𝑜)
  ,    𝑅𝑛 =

𝑘𝑒𝑘

4𝜎𝑠𝑇∞
3    

 

}
 
 
 
 
 

 
 
 
 
 

               (16) 

 
Using these dimensionless variables in Eq. (16) that illustrated above the basic Eq. (7)-(11) after 
dropping the bars, can be written as:  
                          
𝜕𝑢

𝜕𝑥
+

𝜕𝑣

𝜕𝑦
= 0                     (17) 

 

𝑅𝑒𝛿 ( 𝑢
𝜕𝑢

𝜕𝑥
+ 𝑣

𝜕𝑢

𝜕𝑦
 ) = −

𝜕𝑝

𝜕𝑥
+
𝑑1
2

𝜇𝑐
(
𝜕𝜏𝑥𝑥
𝜕𝑥

+
𝜕𝜏𝑥𝑦

𝜕𝑦
) −

1

𝑠2
(𝛿4

𝜕4𝑢

𝜕𝑥4
+
𝜕4𝑢

𝜕𝑦4
) − 

                                           (
1

𝑘
+𝑀2) 𝑢 + 𝐺𝑟𝜃 + 𝐺𝑐𝜎                   (18)  

    

𝑅𝑒𝛿3 ( 𝑢
𝜕𝑣

𝜕𝑥
+ 𝑣

𝜕𝑣

𝜕𝑦
 )  = −

𝜕𝑝

𝜕𝑦
+
𝑑1
2𝛿

𝜇𝑐
(
𝜕𝜏𝑦𝑥

𝜕𝑥
+
𝜕𝜏𝑦𝑦

𝜕𝑦
) −

𝛿2

𝑠2
(𝛿4

𝜕4𝑣

𝜕𝑥4
+

𝜕4𝑣

𝜕𝑦4
) −

𝛿2

𝑘
𝑣               (19) 

 

𝑅𝑒𝑃𝑟𝛿 ( 𝑢
𝜕𝜃

𝜕𝑥
+ 𝑣

𝜕𝜃

𝜕𝑦
 ) = (𝛿2

𝜕2𝜃

𝜕𝑥2
+
𝜕2𝜃

𝜕𝑦2
) + 𝐷𝑢 (𝛿

2 𝜕
2𝜎

𝜕𝑥2
+
𝜕2𝜎

𝜕𝑦2
) +

𝑑1
2

𝑘(𝑇1−𝑇𝑜)
(𝜏𝑥𝑥

𝜕𝑢

𝜕𝑥
+

                                             𝜏𝑥𝑦
𝜕𝑢

𝜕𝑦
+  𝜏𝑦𝑥

𝜕𝑣

𝜕𝑥
+ 𝜏𝑦𝑦

𝜕𝑣

𝜕𝑦
)  + [

𝑁𝑏

𝑃𝑟
(
𝜕𝜎

𝜕𝑦

𝜕𝜃

𝜕𝑦
) + 

𝑁𝑡 

𝑃𝑟
(
𝜕𝜃

𝜕𝑦
 )
2

 ] −
4

3𝑅𝑛
 
𝜕2𝜃

𝜕𝑦2
            (20)    

               

𝑅𝑒𝛿𝑆𝑐 ( 𝑢
𝜕𝜎

𝜕𝑥
+ 𝑣

𝜕𝜎

𝜕𝑦
 ) = (𝛿2

𝜕2𝜎

𝜕𝑥2
+
𝜕2𝜎

𝜕𝑦2
) +

𝑁𝑡 

𝑁𝑏
(𝛿2

𝜕2𝜃

𝜕𝑥2
+
𝜕2𝜃

𝜕𝑦2
)                 (21) 
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where p is the dimensionless pressure, k is the porosity parameter, S is the couple stress parameter, 
Gr is the local temperature Grashof number, Gc is the local mass Grashof number, Pr is the Prandtl 
number, Sc is the Schmidt number, k is the thermal conductivity. 

Using the approximations of the long wavelength (δ << 1 because the wavelength is inversely 

proportional to the wave number, the 𝛿 =
𝑑1

𝜆∗
 ) and small Reynolds number (Re → 0) then Eq. (18)-

(21) can be rewritten as 
 

−
𝜕𝑝

𝜕𝑥
+ (1 +𝑚) (

𝜕2𝑢

𝜕𝑦2
) − 𝑚𝜆 (

𝜕𝑢

𝜕𝑦
 )
2 𝜕2𝑢

𝜕𝑦2
−

1

𝑠2
(
𝜕4𝑢

𝜕𝑦4
) − (

1

𝑘
+𝑀2) 𝑢 + 𝐺𝑟𝜃 + 𝐺𝑐𝜎 =  0              (22) 

 
𝜕𝑃

𝜕𝑦
= 0                      (23) 

(1 +
4

3𝑅𝑛
) (

𝜕2𝜃

𝜕𝑦2
) + 𝑃𝑟𝐷𝑢 (

𝜕2𝜎

𝜕𝑦2
) + 𝑁𝑏 (

𝜕𝜎

𝜕𝑦

𝜕𝜃

𝜕𝑦
) + 𝑁𝑡 (

𝜕𝜃

𝜕𝑦
 )
2

+ 𝑃𝑟𝐸𝑐 [(1 + 𝑚) (
𝜕𝑢

𝜕𝑦
)
2

−

                                                     
1

3
𝑚𝜆 (

𝜕𝑢

𝜕𝑦
 )
4

]  = 0                    (24) 

 

(
𝜕2𝜎

𝜕𝑦2
) +

𝑁𝑡 

𝑁𝑏
(
𝜕2𝜃

𝜕𝑦2
) = 0                      (25) 

 

where 𝑚 =
1

𝜌𝛽𝜈𝑐1
 is the fluid material parameter and 𝜆 =

𝜌𝑐2

2𝑐1
2𝑑2
 is the local non-Newtonian parameter 

based on velocity of plate c. 
 
4. Model Solution 
 

Differentiation Eq. (22) with respect to y, and Eq. (23) with respect to x, then cancel the pressure 
from Eq. (22) and Eq. (23) and integrate respect to y we have 
 
1

𝑠2
(
𝜕4𝑢

𝜕𝑦4
) − (1 + 𝑚) (

𝜕2𝑢

𝜕𝑦2
) + 𝑚𝜆 (

𝜕𝑢

𝜕𝑦
 )
2 𝜕2𝑢

𝜕𝑦2
+ (

1

𝑘
+𝑀2) 𝑢 − 𝐺𝑟𝜃 − 𝐺𝑐𝜎 =  𝑅               (26) 

 
where R is the constant of integrate. The appositely corresponding boundary conditions in 
dimensionless form are 
 
u = −1            at       y = h1              and          y = h2                   (27)     
                       
u``=0             at        y = h1              and          y = h2                   (28) 
 
θ = 0              at       y = h1               and         θ = 1          at        y = h2                 (29) 
 
σ = 0            at         y = h1             and           σ = 1         at        y = h2                 (30) 
 
where h1 = 1 + a cos (2πx), h2 = −d – b cos (2πx+ ∅). 

The system of Eq. (24)-(26) subjected to the conditions from Eq. (27)-(30) are solved numerically 
by using A Rung-Kutta-Merson method. Then the velocity, temperature and concentration of the 
fluid are obtained numerically. The effects of physical parameters of the problem on these 
distributions are discussed numerically and illustrated graphically through a set of figures.  
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5. Results and Discussion 
 

The effects of the physical parameters of the current work on the peristaltic motion of Eyring-
Powell nanofluid with heat and mass transfer in the presence of couple stresses with magnetic field 
through asymmetric channel are discussed. The velocity, temperature and concentration of the fluid 
are obtained numerically by using Rung-Kutta-Merson method. The effects of Hartmann number M, 
Brownain motion parameter 𝑁𝑏, thermophoresis parameter 𝑁𝑡, porosity parameter 𝑘, fluid 
parameter 𝑚, local non-Newtonian parameter 𝜆 and Couple stress parameter S on the velocity u are 
show through Figure 4 to Figure 10. Figure 4 is plotted to see the variation of velocity for different 
values of M. It is observed that the velocity profiles are parabolic in nature. It is observed from this 
figure that the velocity profile decreases when M increasing. This seems realistic, because the 
magnetic field acts in the transverse direction to the flow and magnetic force resists the flow. The 
same behavior can be seen with increasing 𝑁𝑡, 𝜆 and 𝑘 opposite behavior has seen for S see Figure 5 
to Figure 8. The velocity increasing with increasing 𝑁𝑏 see Figure 9. The same behavior can be seen 
with increasing 𝑚. Figure 10 is drawn to study the effect of 𝑚 for the velocity distribution. It is noticed 
that when 𝑚 increasing the fluid becomes less viscous hence the velocity increasing. 

 

  
Fig. 4. The velocity profile u is plotted against y for 
several values of 𝑀 for 𝑚 = 3, 𝜆 = 2.4, 𝑅𝑛 =
0.5,  𝑁𝑏 = 0.1, 𝑁𝑡 = 0.5, 𝑝𝑟 = 0.01, 𝐸𝑐 = 0.1,  𝐷𝑢 =
0.5, 𝑠 = 2, 𝑅 = 2,   𝑘 = 2, 𝑔𝑟 = 0.7, 𝑔𝑐 = 0.9 

Fig. 5. The velocity profile u is plotted against y for 
several values of 𝑁𝑡 for 𝑚 = 3, 𝜆 = 2, 𝑅𝑛 =
1,  𝑁𝑏 = 0.7, M = 0.1, 𝑝𝑟 = 1, 𝐸𝑐 = 0.8,   𝐷𝑢 =
0.5, 𝑠 = 2, 𝑅 = 0.05, 𝑘 = 2, 𝑔𝑟 = 0.7, 𝑔𝑐 = 0.9 

  
Fig. 6. The velocity profile u is plotted against y for 
several values of 𝑘 for 𝑚 = 1, 𝜆 = 1.4, 𝑅𝑛 =
0.5,  𝑁𝑏 = 0.1, M = 2, 𝑝𝑟 = 0.01, 𝐸𝑐 = 0.1,   𝐷𝑢 =
0.5, 𝑠 = 2, 𝑅 = 0.05, 𝑁𝑡 = 0.5, 𝑔𝑟 = 0.7, 𝑔𝑐 =
0.9 

Fig. 7. The velocity profile u is plotted against y for 
several values of 𝑠 for 𝑚 = 3, 𝜆 = 0.2, 𝑅𝑛 =
0.5,  𝑁𝑏 = 0.1, M = 0.1, 𝑝𝑟 = 0.01, 𝐸𝑐 =
0.1,   𝐷𝑢 = 0.5, 𝑘 = 2, 𝑅 = 1, 𝑁𝑡 = 0.5, 𝑔𝑟 =
0.7, 𝑔𝑐 = 0.9 
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Fig. 8. The velocity profile u is plotted against y 
for several values of  𝑁𝑏 for 𝑚 = 0.1, 𝜆 = 2,
𝑅𝑛 = 0.5, s = 1, M = 0.1, 𝑝𝑟 = 1, 𝐸𝑐 =
0.1,   𝐷𝑢 = 0.5, 𝑘 = 2, 𝑅 = 0.05, 𝑁𝑡 = 0.5,
𝑔𝑟 = 0.7, 𝑔𝑐 = 0.9 
 

Fig. 9. The velocity profile u is plotted against y 
for several values of 𝜆 for 𝑚 = 1,  𝑁𝑏 = 0.1,
𝑅𝑛 = 0.5, s = 2, M = 0.1, 𝑝𝑟 = 0.01, 𝐸𝑐 =
0.1,   𝐷𝑢 = 0.5, 𝑘 = 0.4, 𝑅 = 0.05, 𝑁𝑡 = 0.5,
𝑔𝑟 = 0.7, 𝑔𝑐 = 0.9 

 

 
Fig. 10. The velocity profile u is plotted against y for several 
values of 𝑚 for 𝜆 = 1.4,  𝑁𝑏 = 0.1, 𝑅𝑛 = 0.5, s = 0.2,
M = 0.1, 𝑝𝑟 = 0.01, 𝐸𝑐 = 0.1,   𝐷𝑢 = 0.5, 𝑘 = 0.2, 𝑅 =
0.05, 𝑁𝑡 = 0.5, 𝑔𝑟 = 0.7, 𝑔𝑐 = 0.9 

 
The variation of temperature profile for different values of Brownain motion parameter 𝑁𝑏, local 

non-Newtonian parameter 𝜆, Couple stress parameter S and Radiation parameter 𝑅𝑛, are plotted in 
Figure 11 and Figure 14. It is clear that the temperature profile increasing with increasing both of 𝑁𝑏 
and S, opposite behavior has seen for 𝜆 and 𝑅𝑛 because the temperature is inversely proportional to 
the Radiation parameter, so when Radiation parameter increasing the temperature profile 
decreases.  

 



Journal of Advanced Research in Fluid Mechanics and Thermal Sciences 

Volume 68, Issue 2 (2020) 58-71 

68 
 

  
Fig. 11. The variation of temperature profile 𝜃 is 
plotted against y for several values of  𝑁𝑏 
for 𝑚 = 3, 𝜆 = 2, 𝑅𝑛 = 0.5, s = 2, M = 0.1,
𝑝𝑟 = 0.01, 𝐸𝑐 = 0.1,   𝐷𝑢 = 0.5, 𝑘 = 2, 𝑅 =
0.05, 𝑁𝑡 = 0.5, 𝑔𝑟 = 0.7, 𝑔𝑐 = 0.9 
 

Fig. 12. The variation of temperature profile 𝜃 is 
plotted against y for several values of 𝑠 for 𝑚 =
4, 𝜆 = 0.2, 𝑅𝑛 = 0.5,  𝑁𝑏 = 0.1, M = 0.1,
𝑝𝑟 = 0.01, 𝐸𝑐 = 0.1,   𝐷𝑢 = 0.5, 𝑘 = 0.2, 𝑅 =
5, 𝑁𝑡 = 0.5, 𝑔𝑟 = 0.7, 𝑔𝑐 = 0.9 

 

 
 

Fig. 13. The variation of temperature profile 𝜃 is 
plotted against y for several values of 𝜆 for 𝑚 =
2,  𝑁𝑏 = 0.1, 𝑅𝑛 = 2, s = 2, M = 1.5, 𝑝𝑟 = 3,
𝐸𝑐 = 0.1,   𝐷𝑢 = 0.05, 𝑘 = 0.04, 𝑅 = 0.4,
𝑁𝑡 = 0.5, 𝑔𝑟 = 0.7, 𝑔𝑐 = 0.9 
 

Fig. 14. The variation of temperature profile 𝜃 is 
plotted against y for several values of 𝑅𝑛 
for 𝑚 = 1, 𝜆 = 0.1,  𝑁𝑏 = 1, s = 2, M = 1.5,
𝑝𝑟 = 3, 𝐸𝑐 = 0.1,   𝐷𝑢 = 0.05, 𝑘 = 0.4, 𝑅 =
0.05, 𝑁𝑡 = 0.5, 𝑔𝑟 = 0.7, 𝑔𝑐 = 0.9 
 

 
The variation of Concentration profile with different values of the thermophoresis parameter 𝑁𝑡 

and radiation parameter 𝑅𝑛 plotted in Figure 15 and Figure 16. It is clear that the Concentration 
profile decreasing with increasing of both 𝑁𝑡 and 𝑅𝑛. 
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Fig. 15. The concentration profile 𝜎 is plotted 
against y for several values of 𝑁𝑡 for 𝑚 = 3, 𝜆 =
2, 𝑅𝑛 = 1,  𝑁𝑏 = 1, M = 0.1, 𝑝𝑟 = 1, 𝐸𝑐 =
0.8,   𝐷𝑢 = 0.5, 𝑠 = 2, 𝑅 = 0.05, 𝑘 = 2, 𝑔𝑟 =
0.7, 𝑔𝑐 = 0.9 

Fig. 16. The concentration profile 𝜎 is plotted 
against y for several values of 𝑅𝑛 for 𝑚 = 1, 𝜆 =
2,  𝑁𝑏 = 0.1, s = 0.1, M = 1.5, 𝑝𝑟 = 0.01,
𝐸𝑐 = 0.1,   𝐷𝑢 = 0.5, 𝑘 = 0.4, 𝑅 = 0.05, 𝑁𝑡 =
2.5, 𝑔𝑟 = 0.7, 𝑔𝑐 = 0.9 

 
6. Conclusions 
 

Current study is to analyse the combined effects of the Hartmann number, Brownain motion 
parameter, thermophoresis parameter, porosity parameter, radiation parameter, fluid parameter, 
local non-Newtonian parameter and Couple stress parameter on the obtained solutions of the 
peristaltic motion of non-Newtonian nano fluid through porous media inside asymmetric channel, 
The system of equations are solved numerically by using A Rung-Kutta-Merson method under the 
long wave length and low Reynolds number approximations. The velocity, temperature and 
concentration distributed of the fluid are obtained as a function of the physical parameters of the 
problem. The effects of physical parameters of the problem on these distributions are discussed 
numerically and illustrated graphically through a set of figures. The very important results are 
summarized as 

i. The velocity increasing with increasing the Brownain motion parameter, Couple stress 
parameter and fluid material parameter. It is noticed that when fluid parameter increasing 
the fluid becomes less viscous hence the velocity increasing.  

ii. The velocity decreasing with increasing the local non-Newtonian parameter, thermophoresis 
parameter, porosity parameter and Hartmann number, because the magnetic field acts in the 
transverse direction to the flow and magnetic force resists the flow. 

iii. The temperature increases with increasing both of the Couple stress parameter and Brownain 
motion parameter. 

iv. The temperature decreasing with increasing in local non-Newtonian parameter and radiation 
parameter, because the temperature is inversely proportional to the Radiation parameter, so 

when radiation parameter increasing the temperature profile decreases (𝑅𝑛 =
𝑘𝑒𝑘

4𝜎𝑠𝑇∞
3 ). 

v. The concentration decreases with increasing both of radiation parameter and 
thermophoresis parameter. 
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