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Abstract

This paper’s aim is to discuss the influence of nanoparticles and porous media, and magnetic field on the peristaltic
flow transport of a couple of stress fluids in an asymmetric channel with different waveforms of non-Newtonian fluid.
Initially, Mathematical modelling of the 2-D and two directional flows of a couple of stress fluids with a nanofluid is first
given and then simplified beneath the hypothesis of long wavelength and low Reynolds number approximation. After
making these approximations, we will obtain associated nonlinear differential equations. Then the exact solutions
of the temperature distribution, nanoparticle concentration, velocity, stream function, and pressure gradient will be
calculated. Finally, the results that we obtained illustrate graphically.
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1 Introduction

Nanofluids are those liquids which contain a very tiny amount of nanoparticles which are about a thousand of a
human hair thin. These liquids compared to other liquids created using different theories, have a higher single-phase
heat transfer coefficient, particularly for laminar flow. This makes them more desirable than other fluids, such as heat
transfer fluids, in many heat transfer applications, such as microelectronics, pharmaceutical processes utilizing fuel
cells, hybrid-powered engines, engine cooling, domestic refrigerators, heat exchangers in machining, and the reduction
of boiler flue gas temperature. Compared to the base fluid, they have improved thermal conductivity and the convective
heat transfer coefficient. Regarding liquids, they were crucial for numerous applications in daily life, therefore they so
occupied a considerable area among researchers[13, 2, 4].

Choi also clarified the peristaltic flow characteristics of nanofluids. Following that, other studies explored the
phenomenon of nanofluids utilizing various flow geometries[9, 8]the peristalsis mechanism, which is caused by the
continual contraction and expansion of the elastic organ, tubular structure accommodating fluid, occurs frequently
in a number of psychological processes. peristalsis successfully moves materials over long distances and through
complicated routes.

Applications of peristalsis can be seen throughout the human body, including the movement of chyme through the
colon, the transfer of lymphatic vessels, heart-lung devices, and peristaltic pumps, Latham [14] and Shapiro [17] first
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presented a fluid dynamical analysis of peristalsis for 2D Newtonian fluids. The effect of Hall current on the peristaltic
motion of Maxwell fluid moving through porous material was discussed by Hayat [12] Ali study .’s on the analysis
of heat transport across curved channels is found in [5]. The peristaltic was explored by Tripathi [18]. investigated
the peristaltic motion of viscous liquids while taking into account heat transmission and porosity along the channel’s
limited length. A few research on the subject are also listed in the references [1, 7, 3, 11].

The term ”porous medium” refers to a collection of solid bodies or a solid material made up of porous structures
that have enough space between them or around them to allow liquid to pass through or around them. Permeability
and porosity are two of the most distinguishing qualities of porous media, while there are many others. Porous media
can be identified by their spatial properties such as hardness, permeability, and porosity. Many different materials,
including man-made ones like cement, natural ones like rocks, and biological tissues like bone and wood, can be
found in porous media. Various applications use porous media. Life in the scientific and engineering disciplines of
materials science, petroleum engineering, construction engineering, earth sciences, petroleum geology, and geophysics.
Additionally, liquids move through porous media due to friction between the liquid and the walls of the medium’s
structure, which hinders the liquid’s motion. The porous medium utilized in this procedure will be referred to as
filters, as well [15, 10, 6].

In a previous paper [16] we studied and analyzed the same problem but with a sinesidol boundary in, the present
paper different types of boundaries will be considered.

2 Mathematical formulation

The motion of the peristaltic flow of an electrically conductive incompressible stress fluid in a two-dimensional
channel of width d1 + d2 is taken into account. The movement of the flow is stimulated by sine wave trains that will
travel at a constant speed c along the walls of the channel. We will choose a rectangular coordinate system for the
channel with x along the centre line of the channel and y transverse to it. The left wall temperature is maintained at T1
and the right wall has a temperature T0. Therefore, the velocity field of the two-dimensional flow and two directional
the forms will be V = [U(X,Y, T ), V (X,Y, T ), 0]. Assuming that the fluid is subject to a constant tangential magnetic
field B0. It is assumed that the Reynolds number and the induced magnetic field are very small and therefore the
induced magnetic field can be neglected. When the fluid is transferred to the magnetic field, two main physical effects
will be generated, the first will cause an electric field E in the flow, and under the assumption that there is no excess
charge density and therefore ∇B = 0. Since the induced magnetic field is neglected, it means that ∇E = 0 and
therefore the electric field The stimulus is not mentioned. The second effect is the Cally dynamics in nature, which is
the Lorenz force (J ×B), where J is the density of the current. And that this force affects the fluid and modifies the
movement. This will result in the transfer of energy from the electromagnetic field to the fluid.

3 Expressions for different wave types:

The boundary wall equation are
- Triangular wave

h1 = 1 + a
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-multisinusoidal wave

h1 = 1 + a Sin[2nπx], h2 = −d− bSin[2nπx+ ϕ]

Follow, our presions paper [16] the goverining equation
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The identical dimension less boundary conditions which governed the flow are defined:

u = −1,
∂2u

∂y2
= 0 at y = h1 = 1 + a cos 2πx (3.5)

u = −1,
∂2u

∂y2
= 0 at y = h2 = −d− b cos(2πx+ ϕ) (3.6)

θ = 0, ϕ = 0 at y = h1 (3.7)

θ = 0, ϕ = 1 at y = h2 (3.8)

The dimension less mean flow Q, is defined:

Q = F + 1 + d (3.9)

where

F =

∫ h2

h1

udy

4 Solution of the problem

The aim in this section to find the exact solution for the equation (3.4) can be obtained and follows:

ϕ(x, y) = −Nt
Nb

θ + a1(x)y + a2(x) (4.1)

Where a1(x) and a2(x) are two unknow functions which can be found by using the boundary conditions.
Now substitute eq.(4.1)into (3.3) we get the exact solution of eq.(4.1)

θ(x, y) =
a3(x)

PrNba1(x)
+ a4(x)e−PrNba1(x) (4.2)

Where a3(x) and a4(x) are unknown functions.
Now sub the equation (4.2) in to (4.1) the dimensionless concentration can be obtain, and is given by

ϕ(x, y) = −Nt
Nb

[
a3(x)

PrNba1(x)
+ a4(x)e−PrNba1(x)

]
+ a1(x)y + a2(x) (4.3)



822 Jawad, Abdulhadi

Now, to find the values of unknown function a1(x), a2(x), a3(x), and a4(x) We need to use boundary conditions (3.7),
(3.8).
By using the boundary condition for θ and ϕ on equation (4.3) it follows that

a1(x) =
1 + Nt

Nb

h2 − h1
(4.4)

a2(x) = −h1

(
1 + Nt

Nb

h2 − h1

)
(4.5)

To ccalculate the values of a3(x), a4(x) we apply the boundary condition for ϕ on equation (4.2) we get

a3(x) =
e−PrNba1(x)h1

e−PrNba1(x)h2 − e−PrNba1(x)h1
(4.6)

a4(x) =
1

e−PrNba1(x)h2 − e−PrNba1(x)h1
(4.7)

Thus the exact expressions for the temperature distribution θ and nano particle concentration ϕ are given:

θ(x, y) =
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With the help of equation (4.8) and (4.9) the solution of velocity is obtained from equation(3.1) and isdefiend :
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where c1, c2, c3, and c4 are constant. The constants c1, c2, c3, and c4 are calculated with help of boundary conditions
in equation (3.5)-(3.6) The pressure is given by follows:

dp

dx
= −

((
e−((s1+s2)y)

(
Bre(a1NbPr+s1+s2)y(ea1NbPrh1 − ea1NbPrhh2) (Nb + · · · (4.11)

ψ = −c2e−s1y s1 + c1es1y s1− c4e−s2y s2 + c3es2y s2 (4.12)

5 Results and discussion:

This section aims to study the effect of various factors on pressure gradient and stream function (See Figures
(3.1) -(3.35)).In the current study, the value of the following default parameters was adopted for the calculations
ϕ = Pi/6,Pr = 0.9, a = 0.5, Nb = 0.3, Nt = 0.5, d = 1.8, b = 1, Gr = 0.8, Br = 0.1, Q = 2,M = 0.2, γ = 2.5, D1 = 1
therefore all graphs correspond to these values unless they are specified on the appropriate graph.
All the results in this section are made through plotting by using MATHEMATICA package.
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5.1 Variation of pressure gradient triangular wave:

The behavior of pressure gradient profile for different values ϕ, Pr, a,Nb,Nt, d, b,Gr,Br,Q,M, γ and D1 can be
seen through figure (3.1)-(3.13) respectively. In the concentration ϕ when x ∈ [0, 0.1] the pressure gradient is increasing
with increasing concentration but when x = [0.15] is the reflection point and when x ∈ [0.2, 0.6] the pressure gradient
decreases with increasing concentration then the pressure starts to increase gradually when x ∈ [0.65, 0.8]. Prandtl
number Pr has little effect on the pressure gradient due to its appearance within limits so its effect will decrease. The
amplitude of the wave number a when x ∈ [0, 0.45] the pressure gradient is increasing with the increasing value of the
amplitude of the wave number a when x = [0.5] is the reflection point then when x ∈ [0.6, 0.8] the pressure gradient
decreases with increasing value of the amplitude of the wave number a this happens because of the nature of the wall.
The pressure gradient decreases with the increasing value of the thermophoresis parameters Nt this means that the
concentration decreases due to the velocity increase, which leads to less pressure. The pressure gradient decreases
with the increasing value of the magnetic parameter M because of low viscosity. In the amplitude of the wave number
b when x ∈ [0, 0.35] the pressure gradient is increasing with the increasing value of the amplitude of the wave number
b but when x = [0.4] is the reflection point and the pressure gradient decreases with increasing value of the amplitude
of the wave number b when x ∈ [0.45, 0.8] This happens because of the nature of the wall. The pressure gradient is
increasing with the increasing value of the nanoparticle Grashof number Br, the width number d, discharge Q, and
the couple stress parameter γ. The pressure gradient is increasing with the increasing value of the local temperature
Grashof number Gr This occurs as a result of the effect of the quotient multiplying the length wave in the viscosity.
The pressure gradient is increasing with the increasing value of the Brownian motion parameter Nb Due to the lack
of kinematic viscosity and the pressure gradient is increasing with the increasing value of the porosity parameter D1
Due to increased permeability of molecules.
The pressure gradient is increasing with the increasing value of the amplitude of the wave number b when x ∈ [0, 0.15]
but when x ∈ [0.2, 0.4] the amplitude of the wave number b has little effect after that when x ∈ [0.45, 0.7] the pressure
gradient is decreasing with an increasing value of the amplitude of the wave number b then the pressure gradient
gradually increases when x ∈ [0.75, 0.5] This happens because of the nature of the wall. In the magnetic parameter M
the pressure gradient decreases with the increasing value M because of low viscosity.

5.2 Stream line:

Trapping is the process of creating an internally circulating bolus of fluid through closed stream lines. This trapped
bolus is then propelled forward by the peristaltic wave. Trapping for various values of ϕ, Pr, a,Nb,Nt, d, b,Gr,Br,Q,M, γ
and D1 can be seen through figure (3.14) (3.22). The stream lines for different values of the concentration ϕ it has
been noticed that the bolus increases in size in the upper wall tapered channel with increasing ϕ but in the lower wall
the bolus decreases in size with increasing ϕ. The Prandtl number Pr, Brownian motion parameter Nb, and ther-
mophoresis parameters Nt have little effect on the stream line. The stream lines for various values of The amplitude of
the wave number a It’s been observed that the bolus decreases size in the upper wall tapered channel with increasing
a while in the lower the size of bolus increases with increasing value of a. In the amplitude of the wave number b, and
the width number d the size of bouls is increasing with increasing value of b, d in upper walls and in the lower walls
the size of bouls decreases with increased. values of b, d. The stream lines for different values of the local temperature
Grashof number Gr, and nanoparticle Grashof number Br the size of bouls decreases with increasing of values in
the upper walls but in the lower walls, the size of bouls increases with increasing values Gr,Br. The stream lines for
different values of the magnetic parameter M , and the couple stress parameter γ increases in size in the upper wall
tapered channel with increasing values M,γ but in the lower wall the bolus decreases in size with increasing M,γ. In
the porosity parameter D1 the size of bouls increases with increasing values of D1 in upper walls and in the lower
walls, the size of bouls decreases with increasing values of D1.
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Figure 1: variation of pressure gradient dp/dx with x for different values of a

Figure 2: variation of pressure gradient dp/dx with x for different values of d

Figure 3: variation of pressure gradient dp/dx with x for different values of Nt
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Figure 4: variation of pressure gradient dp/dx with x for different values of b

Figure 5: variation of pressure gradient dp/dx with x for different values of Gr

Figure 6: variation of pressure gradient dp/dx with x for different values of Q

5.3 Variation of the pressure gradient multisinusoidal wave

The behavior of pressure gradient profile for different values ϕ, Pr, a,Nb,Nt, d, b,Gr,Br,Q,M, γ and D1 can be
seen through figure (3.26)-(3.38) respectively. The pressure gradient increases with increasing value of concentration
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Figure 7: variation of pressure gradient dp/dx with x for different values of M

Figure 8: variation of pressure gradient dp/dx with x for different values of D1

(a) (b) (c)

Figure 9: stream lines for different values of ϕ(a)ϕ = Pi/ 6 (b) ϕ = Pi/2 (c) ϕ = 3Pi/4

ϕ because the difference between initial and final concentration is few, it increases the concentration of molecules and
thus increases the pressure. Prandtl number Pr has little effect on the pressure gradient due to their appearance
within limits. The pressure gradient decreases with increasing value of the amplitude of the wave number a. In
the Brownian motion parameter Nb The pressure gradient increases with the increasing value of the Nb because of
the few kinematic viscosity. The pressure gradient decreases with the increasing value of thermophoresis parameters
Nt this means that the concentration decreases due to the velocity increase which results in a little pressure. The
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(a) (b) (c)

Figure 10: stream lines for different values of d(a)d = 1.4 (b) d = 1.6 (c) d = 1.8

(a) (b) (c)

Figure 11: stream lines for different values of b(a)b = 0.1 (b) b = 0.5 (c) b = 0.9

(a) (b)
(c)

Figure 12: stream lines for different values of γ(a)γ = 2.5 (b) γ = 2.7 (c) γ = 2.9

pressure gradient is increasing with the increasing value of the nanoparticle Grashof number Br, the width number d,
discharge Q, and the couple stress parameter γ. The pressure gradient is increasing with the increasing value of the
local temperature Grashof number Gr This occurs as a result of the effect of the quotient multiplying the length wave
in the viscosity. The pressure gradient is increasing with the increasing value of the porosity parameter D1 Due to
increased permeability of molecules. The pressure gradient decreases with the increasing value of the amplitude of the
wave number b.In the magnetic parameter M the pressure gradient decreases with the increasing value M because of
low viscosity.

5.4 Stream line

Trapping for various values of ϕ, Pr, a,Nb,Nt, d, b,Gr,Br,Q,M, γ and D1 can be seen through figure (3.36) (3.25).
The effect of the concentration ϕ it has been noticed that the bolus increases in size in the upper wall with increasing ϕ
but in the lower wall the bolus decreases in size with increasing ϕ. The Prandtl number Pr, Brownian motion parameter
Nb, thermophoresis parameters Nt, local temperature Grashof number Gr, width number d, and nanoparticle Grashof
number Br have little effect on the stream line. With an increase in the amplitude of the wave number a, it was
seen that the size of the bolus decreased in the upper walls, and in the lower walls the bouls increases in size with
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increasing a. In the amplitude of the wave number b,the size of bouls is increasing with increasing value of b, in upper
walls and in the lower walls the size of bouls decreases with increased values of b. the effect of the magnetic parameter
M it has been the size of bouls is increasing with increasing value of M in upper walls, and in the lower walls, the
size of bouls decreases with increased value of M . The effect of the couple stress γ it is found that the bolus increase
in size with increased value of γ in upper walls but in the lower walls, the size of bouls decreases with increased value
of γ.The effect of porosity parameter D1 it has been the size of bouls is decreases with increasing value of D1 in the
upper walls but in the lower walls the size of bouls is increases with increasing value of D1.

Figure 13: variation of pressure gradient dp/dx with x for different values of ϕ

Figure 14: variation of pressure gradient dp/dx with x for different values of Pr
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Figure 15: variation of pressure gradient dp/dx with x for different values of a

Figure 16: variation of pressure gradient dp/dx with x for different values of Nb

(a) (b) (c)

Figure 17: stream lines for different values of ϕ(a)ϕ = Pi/6 (b) ϕ = Pi/2 (c) ϕ = 3Pi/4

6 Conclusions

In this section, we investigated the effect of MHD and porous media on the peristaltic flow of a couple of stress
fluids in an asymmetric channel for different types of walls, Then the exact solutions of the pressure equation and
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(a) (b) (c)

Figure 18: stream lines for different values of a(a)a = 0.5 (b) a = 0.7 (c) a = 0.9

(a) (b)
(c)

Figure 19: stream lines for different values of b(a)b = 0.1 (b) b = 0.3 (c) b = 0.5

(a) (b) (c)

Figure 20: stream lines for different values of M(a)M = 0.2 (b) M = 0.4 (c) M = 0.6

stream function will be taken. the effects of the concentration ϕ, Prandtl number Pr, amplitude of the wave number
a&b, Brownian option parameter Nb, thermophoresis parameters Nt, width number d, couple stress γ, discharge Q,
nanoparticle Grashof number Br, magnetic parameter M , and porosity parameter D1 are also investigated in details,
it found that:

1- Pr has little effect on the pressure gradient trapezoidal wave, and multisinusoidal wave . In trapezoidal wave

2- The pressure gradient is increasing with the increasing value of ϕ, d,Q, γ,Gr,D1.

3- The pressure gradient increases with increasing a, after the point x = [0.5] the pressure gradient decreases with
increasing amplitude of the wave number a. The pressure gradient decreases with the increasing values Nt,M, b.

4- The size of bouls is increasing with increasing values of ϕ, b, d, γ in upper walls and in the lower walls the size of
bouls decreases with increased values of ϕ, b, d,M, γ.
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5- The size of bouls decreases with increasing of value D1 in the upper walls but in the lower walls, the size of
bouls increases with increasing value D1

6- Pr,Nb,Nt,Gr,Br have little effect on the stream line. In multisinusoidal wave

7- The pressure gradient is increasing with the increasing value of ϕ,Nb.

8- The pressure gradient is decreasing with the increasing value of a.

9- The size of bouls is increasing with increasing values of ϕ, b,M in upper walls and in the lower walls the size of
bouls decreases with increased values of ϕ, b,M .

10- The size of bouls decreases with increasing of value a in the upper walls but in the lower walls the size of bouls
increases with increasing value a 11- Pr,Nb,Nt,Gr, d,Br have little effect on the stream line.
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