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Abstract
This essay aims to describe the peristaltic behavior of Bingham’s fluid in an asymmetric channel 
and porous material. It is believed that the liquid will flow through a porous medium and will be 
sensitive to a strong, angled magnetic field. Convectional circumstances and varying thermal conduc-
tivity were used to study heat transfer qualities. The low Reynolds number and lengthy wavelength 
dependence lead to a significant simplification of the nonlinear equations. The key characteristics of 
velocity, temperature, pressure gradient, and trapping are discussed, with a particular emphasis on 
the slip coefficient and the tilted magnetic number. Graphical discussion of these parameters’ impact. 
Additionally, the entrapment phenomenon is examined. With rising slip coefficient values and falling 
magnetic field strengths, permeability, and yield stress coefficients the trapped bolus grows in size.
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1. Introduction

The peristaltic mechanism is well-studied in the realm of fluid research because it has several uses 
in both physiological and industrial settings. Through aprogressive wave of stretching and reducing 
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motion along the fluid-carrying tube channel, peristalsis promotes fluid flow inside the corresponding 
system. In biological systems, peristalsis is responsible for a variety of processes, such as the move-
ment of food particles in the esophagus, the movement of chyme in the gut, the movement of cilia, 
the vasomotion of small capillaries, etc. The well-known examples of peristaltic flow in an industrial 
process are the movement of poisonous liquids, sanitary transport, sedimentation, and the movement 
of caustic liquids. Peristaltic flow can be seen in biomedical engineering in blood pumping devices, 
heart-lung machines, roller pumps, finger pumps, etc. Srivastava and Srivastava [1] carried out one 
of the first investigations on the subject, using a power-law model to examine the peristalsis through 
both uniform and non-uniform channels. Improper peristalsis is the primary contributor to the steril-
ity of the human uterus, the thrombus improvement of blood, and the neurotic passage of microscopic 
organisms [2]. Sreenadh and Narahari [3] Two-layer fluid models were investigated to understand 
the peristaltic behavior of a Newtonian fluid in contact with a Bingham fluid. To examine the flow 
behavior in the unyielded plug area. For the Poiseuille flow of Bingham fluid through a two-dimen-
sional channel with barely perceptible width changes, Frigaard and Ryan [4] discovered an asymp-
totic solution. In numerous applications, such as the transfer flow of corrosive fluids and sanitary 
fluids without coming into contact with the mechanical parts, the effect of heat during peristaltic 
mechanisms is a major area of research, and blood pumps inside heart-lung machines. Consequently, 
it is vital to take heat transmission into account when researching peristalsis, especially in biological 
systems. To that goal, several investigations on peristalsis using non-Newtonian fluids and taking 
into account heat transfer have been made. In [5], it was investigated how heat transfer affected the 
peristaltic motion of an electrically conducting fluid through a porous media. A vertical asymmetric 
porous channel under the impact of heat transfer was the subject of an analysis by Srinivas and 
Gayathri [6]. Mekheimer and colleagues [7] investigated how heat transfer affected the peristaltic 
flow of heat transfer over a vertical porous asymmetric channel. Elahi and associates. Mekheimer 
[8] investigated how a generated magnetic field affected a magneto micropolar fluid’s peristaltic flow. 
Pandey and Chaube [9] also investigated the effects of an external magnetic field on the peristaltic 
flow of a micropolar fluid through a porous medium. Assessing the effects of magnetic fields on phys-
iological systems is essential limits on how much you can be exposed to certain technologies. Since 
erythrocytes, a significant component of blood, are known to have bio magnetic characteristics, mag-
netic fields have been shown to significantly affect the peristaltic movement of blood. Due to this, 
efforts have been made to provide an explanation for why fluid undergoes peristalsis when subjected 
to magnetic fields. Abdelsalam et al. [10] examined the effects of a magnetic field on the peristaltic 
mechanism of an electrically conducting hyperbolic tangent fluid when applied with ion and hall slip. 
The effects of heat transfer and slip circumstances on MHD peristaltic transport were investigated 
by Srinivas et al. [11]. Lakshminarayana et al. The impact of slip and wall features on the peristal-
tic transport of an MHD Bingham fluid with heat transfer were explored in [12]. Understanding 
the effects of magnetohydrodynamics and heat transfer on the Bingham fluid flows with peristaltic 
slip in porous channels with flexible walls, Satyanarayana et al. [13] created a model. Furthermore, 
sucharitha et al. [14, 15], Hayat et al. [16], Riaz et al. [17], Srinivas and Kothandapani [18], and 
others have explored the impact of wall characteristics. Studied by P. Lakshminarayana et al. In an 
inclined tapering porous tube with elastic walls, [19] discusses the consequences of Joule heating and 
slip-on peristaltic flow of a Bingham fluid. The permeability of the transport medium is an additional 
factor of comparable importance, particularly for biological systems. Kothandapani and Srinivas [20] 
investigated the peristaltic mechanism in a porous medium to determine how the elastic wall char-
acteristics affected the peristalsis of an MHD fluid while taking heat transmission into account. With 
consideration for the porous medium, the peristalsis in a rigid asymmetric vertical tube [21] and the 
effects of wall features and heat transmission on peristalsis [22] were both clarified by Srinivas et al. 
There has been research on fluid models by Bingham [23], Rabinowitsch [24], and Jeffrey [25]. The 
current study’s authors tried to describe peristalsis for a Bingham fluid along a conduit’s length with 
a severe inclination while taking porous media into account. The investigation has taken into account 
the impacts of heat transfer with convective boundary conditions. The work by Divya et al. [26] makes 



Mohammed O.K, Liqaa Z.H, Results in Nonlinear Anal. 6 (2023), 131–154. 133

the assumption that the fluid is subject to a magnetic field with a substantial inclination and flows 
within a porous media while describing the peristaltic behavior of a fluid in the Bingham equation 
with variable viscosity. The resulting perturbed solution of the system is shown, and any relevant 
parameter changes have been taken into consideration. Throughout the course of our investigation, 
we learned that prior studies had not taken into account the fluctuating aperistaltically produced 
Bingham fluid’s viscosity and thermal conductivity as it moves through a porous medium and is influ-
enced by an angled magnetic field.

2. Formulation the Problem

The electrically conducting Bingham fluid is supposed to flow in a two-dimensional channel made of 
porous material in order to formulate the problem. The peristaltic wave train forces the fluid to flow, 
which is traveling with a constant speed of C. Additionally, it is assumed that the fluid motion is 
subject to a magnetic field, whose strength is indicated by the symbol B0  in the transverse direction. 
For the channel and magnetic field, inclinations of γ  and ∅  are taken into account, respectively. It is 
believed that the channel is symmetric around the axis. Additionally, because the Reynolds number 
is thought to be relatively tiny, we are able to ignore the induced magnetic field. The region of channel 
between the axes y = 0 and y = yp  is referred to as the plug flow region. Where |τ xy| ≤ τ0. For the region 

encapsulated by yp  and h h1 2, , | |τ xy  > τ0. The deformation in the channel walls caused by the peristaltic 
waves is modeled as in Figure 1.

h x t E r x ct1 1 1
2( , ) sin ( ) ,� � ��
��

�
��

�
�

upper�wall (1)

while at the lower wall is given by.

h x t E r x ct2 2 2
2( , ) sin ( ) .� � � � � ��
��

�
��

�
�

lower�wall (2)

where (r1) and (r2) indicate the wave’s amplitudes, (E1) and (E2) denotes the channel’s width, ( )λ  spec-
ifying the wavelength, The direction of the wave’s propagation is represented by (X ), while the time 

Figure 1: Geometry of the problem.
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is indicated by (t ). The difference in phase (∅)  varies across the range (0 ≤ ∅  ≤ π ) in which (� � 0) 
is equivalent to an out-of-phase, asymmetric channel and (� � � ) stands for the phase of the waves. 
Further (r1), (r2), (E1), ( )E2 , and (∅)  satisfy the condition:

r r r r i E E1
2

2
2

1 2 1 2
22� � � � �cos ( ) ( .�) (3)

where a denotes the channel’s half-width, b the amplitude, c the wave speed, and t the period. where V 
and v are the components of velocity in the transverse direction in the fixed and wave frames, respec-
tively, and U, u is the axial velocity component in the laboratory and wave frames, respectively.

x = X − ct, y = Y, u = U − c, v = V and p (x, y) = P (X, Y, t) (4)
In the fixed and wave frames, the transverse velocity components are, respectively. These are the 
equations that control fluid flow in the wave frame.
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The y–part of the moment equation is:
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The energy equation:
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Where the ( ), ( ), ( ), ( ), ( )� �p k B0 , ( )Ω  is constant density, pressure, dynamic viscosity, permeability 
parameter, constant magnetic field, rotation and �( ),�( )u v  are the velocities in X and Y paths in given 
frame.

3. Basic Equation

The fluid exhibits behavior consistent with the Bingham model, and the following information about 
its Cauchy stress tensor is given

� � � �PI S (9)

S �� �2 2 0�� � �� (10)

In equation (5) τ0 is the yield stress, and the tensor of rate of deformation τ  and τ�  is the tensor is 
described:

� �

�
� �

2 2� �tras (11)
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� � � � �
1
2

( ( ) )�V V T (12)

Where (I ) Identifier Tensor, a(∂ ∂X Y�,� �, )0  the gradient vector, (P ) the liquid’s pressure and (µ) the 
dynamic viscosity”.
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We use the following anon-dimensional quantities:
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Applying the aforementioned amounts to Eqs. (5)–(8), we obtain (after dropping the asterisks),
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Then, in view of Eq. (16), Eq. (1), (2), and (13) to (15) take the form:

h x t a x1 1 2( , ) sin( )� � � (21)
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The relations establish a connection between the velocity components and stream function (ψ ):
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Substituted Eqs. (26) in Eqs. (17), (18), (19), (20), (23), (24), (25) respectively,
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The wave frames dimensionless slip boundary conditions are
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β1  is the dimensionless slip parameter.

4. Solution of the Problem

It is impossible to provide a precise answer for each of the random parameters involved. We take per-
turbation strategy to get the answer. We go beyond treating the disorder.
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Substitute the terms (35) into Eqs. (27)–(33), and the equations for the boundary conditions (34) (δ �1),  
Due to the fact that higher order components it involves the power of (δ) is lower and negligible, we 
may construct by equating the coefficients of the following system of equivalent powers (Re):

From Eq. (32) and (28) we get:
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�

( )�2 2d (37)
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B Ha
Dan � �2 2 1cos �*� (38)

From differential of y for Eq. (36)

0 � � � �� � � ��yyyy n yy n yy yyR B� �  (39)

From Eq. (29) we get:

�
�
�

�
p
y

0
 

(40)

From Eq. (29) we get:

� �yy r xy yyB s� � (41)

Zero Order System

When the order’s terms are (Rn) are trivial in the system of zeroth order, we obtain:

� � ��0 0 0 0yyyy n yy yyB� � �� � (42)

Such that

� 0 0 2� F / , � �� 0 / y � �1  at y = h1 and

� 0 0 2� �F / , � � � �� 0 1/ y  at y = h2

�
�

�
�
�

� �
�
�

�
�
�

� �� �
�

�
� �

�
�0

1

2
0

2
0

1

2
0

21 21 1
y y y y

y h y hat at ,

θ0 (h1) = 0, θ0 (h2) = 0 (43)

First order system

� � � ��1 0 1 1 0yyyy yy n yy yyB� � � �� � (44)

� � �� �1 1 1 0yyyy n yy yy yyB� � � �� � (45)

�1 1 2� F / , � �� 0 / y � �1  at y = h1 and

�1 1 2� �F / , � � � �� 0 1/ y  at y = h2

�
�

�
�
�

� �
�
�

�
�
�

� �� �
�

�
� �

�
�1

1

2
1

2
1

1

2
1

21 21 1
y y y y

y h y hat at  ,

θ1 (h1) = 0, θ1 (h2) = 0 (46)
And by resolving the related zeroth and first order systems, you may obtain the final equation for the 
stream function:

� � �� �0 1Rn � � (47)
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Where the functions (ψ 0 , ψ1) hefty expressions Consequently, they will be mentioned in Appendix.

�
�

� � � � � � � �
p
x

R R R B B Ryyy n yyy n yy n yy n y y n n y� � � � � �� � �0 1 0
2

0 0 0 1� �� � RRn y�1 (48)

The definition of pressure increases per wave length (Δp ) is

�p dp
dx
dx� �

0

1

. (49)

5. Results and Discussion

To investigate the impact of physical factors like Effect of, Darcy number (Da), Hartman number (Ha), 
Reynolds number (Re), inclination of magnetic field (β * ), Rotation (Ω), Porous medium  parameter (k), 
Material fluid parameters (Rn), Density (ρ ), Viscosity (µ ), pressure rise (Δp), slip coefficient (β1 ), the 
plotted axial velocity (u), phase difference (∅) and stream function (ψ) in Figures 2–18 are exemplified 
by software “MATHEMATICA”.

5.1 Velocity Distribution (u)

Figures 2–9 demonstrate how the axial velocity (u) value can vary with respect to y for various rota-
tional values (Ω), Darcy number (Da), Viscosity (µ ), material fluid parameter (Rn), inclination of 
magnetic field (β *), slip coefficient (β1 ), Hartman number (Ha), and amplitude ratio (∅). These fig-
ures show that the maximum velocity is consistently found close to the channel’s center and that 
All instances of the velocity profiles are parabolic. Figures 3, 4, and 7 show that the axial velocity 
decreases as (Ha), (Rn), and (β1 ) increase. Figures 2, 5, and 8 show that raising the (Da), (Ω), and (β *)  
raises axial velocity. Figures 6 and 9 The effect of (∅) and (µ ) when the speed increases, it starts 
decreasing at the left channel wall, then it merges with the other one in center, and then decreasing 
too at the right channel wall.

Figure 2: Variation of velocity for different values of Da when Ha = 0.4, Ω = 0.5, β* = 0.3, Rn = 0.5,  
µ = 1, β1 = 0.2, ρ = 1, Ø = 1.5, a = 0.1, b = 0.3, E1 = 0.5, E = 0.1.
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Figure 3: Variation of velocity for different values of Ha when Da = 3, Ω = 0.5, β* = 0.3, Rn = 0.5,  
µ = 1, β1 = 0.2, ρ = 1, Ø = 1.5, a = 0.1, b = 0.3, E1 = 0.5, E = 0.1.

Figure 4: Variation of velocity for different values of Rn when Da = 3, Ω = 0.5, β* = 0.3, Ha = 0.4,  
µ = 1, β1 = 0.2, ρ = 1, Ø = 1.5, a = 0.1, b = 0.3, E1 = 0.5, E = 0.1.

Figure 5: Variation of velocity for different values of Ω when Da = 3, Ha = 0.4, β* = 0.3, Rn = 0.5,  
µ = 1, β1 = 0.2, ρ = 1, Ø = 1.5, a = 0.1, b = 0.3, E1 = 0.5, E = 0.1.



Mohammed O.K, Liqaa Z.H, Results in Nonlinear Anal. 6 (2023), 131–154. 141

Figure 8: Variation of velocity for different values of β* when Da = 3, Ha = 0.4, Ω = 0.5, Rn = 0.5,  
µ = 1, β1 = 0.2, ρ = 1, Ø = 1.5, a = 0.1, b = 0.3, E1 = 0.5, E = 0.1.

Figure 7: Variation of velocity for different values of β1 when Da = 3, Ha = 0.4, β* = 0.3, Rn = 0.5,  
µ = 1, Ω = 0.5, ρ = 1, Ø = 1.5, a = 0.1, b = 0.3, E1 = 0.5, E = 0.1.

Figure 6: Variation of velocity for different values of Ø when Da = 3, Ha = 0.4, β* = 0.3, Rn = 0.5,  
µ = 1, β1 = 0.2, ρ = 1, Ω = 0.5, a = 0.1, b = 0.3, E1 = 0.5, E = 0.1.



Mohammed O.K, Liqaa Z.H, Results in Nonlinear Anal. 6 (2023), 131–154. 142

5.2 Pressure Gradient

Graphical representation of the impact of relevant parameters on the pressure gradient (dp/dx) is 
possible Figures 10–17. The increasing values of the Darcy number (Da), the material fluid (Rn), the 
rotation (Ω), and the Density (ρ ) led to a decrease in the pressure gradient. In Figures 10 and 15, we 
notice that the pressure gradient increases with increasing (Ha) and (β1 ). Figure 16 shown is how (∅) 
affects the axial pressure gradient (dp/dx). The increase in (∅) is seen to cause a rise in (dp/dx) at the 
channel’s left wall while a decline in (dp/dx) is seen on the right side. In Figure 17 there is no change 
in pressure when ( )µ .

5.3 Pressure Rise (Δp)

Figures 18–23 display the various pressure increases in the wave outline’s capability of volumetric 
stream rate for various Darcy number (Da), Rotation (Ω), material fluid parameter (Rn), Density (ρ), 
Hartman number (Ha) and slip coefficient (β1 ). The relationship between a dimensionless mean flow 
rate (Q1) and a non-dimensional average pressure rises per wavelength will be illustrated in this 
paragraph along with variations in the relevant parameters in (Δp). Figure 20 and 22 shows the effect 
of increasing the parameter (Ω) and (β1 ) on (Δ𝑃) reveals that pressure rice per wave length Δ𝑃 increase 
in magnitude in all regions. Figure 19 demonstrates that pressure increase (Δp) diminishes as (Da) 
In zone of increased pumping and the compounding region (Δp < 0), it is seen that pumping rises. 
According to Figure 18, the pumping rate increases in aretrograde region where (Δp > 0, Q1 > 0) and 
lowers in acop umping zone where (Δp < 0, Q1 < 0), according to the graph. As the magnetic field (Ha) 
expands, the pressure rises (Δp > 0). Figure 21 shows the pressure rice per wave length Δ𝑃 decreases 
in magnitude for fixed values of the (Rn). In Figure 17 there is no change in pressure when (ρ).

5.4 Temperature Distribution

Many variables are influenced by the temperature field, included Prandtl number (Pr), rotation (Ω), 
Eckert number (Ec), density (ρ), Hartman number (Ha), viscosity (µ), Darcy number (Da), phase dif-
ference (∅), in Figures 24–31. The temperature field is seen in Figures 24, 27, and 28 to be growing at 
the channel’s boundary while remaining unchanged in the channel’s core region with increasing (Ha), 
(β), and (BR) values. In Figures 25 and 26, it is depicted that the temperature field in the channel’s 

Figure 9: Variation of velocity for different values of µ when Da = 3, Ha = 0.4, β* = 0.3, Rn = 0.5,  
Ω = 0.5, β1 = 0.2, ρ = 1, Ø = 1.5, a = 0.1, b = 0.3, E1 = 0.5, E = 0.1.
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Figure 10: Variation of pressure gradient for different values of Ha when Da = 2, Ω = 0.5, β* = 0.5, 
Rn = 0.3, µ = 0.6, β1 = 3, ρ = 0.4, Ø = 0.4, a = 0.1, b = 0.3, E1 = 0.5, E = 0.1.

Figure 11: Variation of pressure gradient for different values of Da when Ha = 2, Ω = 0.5, β* = 0.5, 
Rn = 0.3, µ = 0.6, β1 = 3, ρ = 0.4, Ø = 0.4, a = 0.1, b = 0.3, E1 = 0.5, E = 0.1.

Figure 12: Variation of pressure gradient for different values of Ω when Ha = 2, Da = 2, β* = 0.5,  
Rn = 0.3, µ = 0.6, β1 = 3, ρ = 0.4, Ø = 0.4, a = 0.1, b = 0.3, E1 = 0.5, E = 0.1.

x

x

x
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Figure 13: Variation of pressure gradient for different values of Rn when Ha = 2, Ω = 0.5, β* = 0.5, 
Da = 2, µ = 0.6, β1 = 3, ρ = 0.4, Ø = 0.4, a = 0.1, b = 0.3, E1 = 0.5, E = 0.1.

Figure 14: Variation of pressure gradient for different values of ρ when Ha = 2, Ω = 0.5, β* = 0.5,  
Da = 2, µ = 0.6, β1 = 3, Da = 2, Ø = 0.4, a = 0.1, b = 0.3, E1 = 0.5, E = 0.1.

Figure 15: Variation of pressure gradient for different values of β1 when Ha = 2, Ω = 0.5, β* = 0.5,  
Da = 2, µ = 0.6, ρ = 0.4, Ø = 0.4, a = 0.1, b = 0.3, E1 = 0.5, E = 0.1.
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Figure 17: Variation of pressure gradient for different values of µ when Ha = 2, Ω = 0.5, β* = 0.5,  
Rn = 0.3, Da = 2, β1 = 3, ρ = 0.4, Ø = 0.4, a = 0.1, b = 0.3, E1 = 0.5, E = 0.1.

Figure 18: Variation of pressure rise ΔP with Q1 for different values of Ha when Da = 0.9, Ω = 0.7, 
β* = 0.2, Rn = 0.3, µ = 0.6, β1 = 3, ρ = 0.4, Ø = 0.4, a = 0.1, b = 0.3, E1 = 0.5, E = 0.1.

Figure 16: Variation of pressure gradient for different values of Ø when Ha = 2, Ω = 0.5, β* = 0.5,  
Rn = 0.3, µ = 0.6, β1 = 3, ρ = 0.4, Da = 2, a = 0.1, b = 0.3, E1 = 0.5, E = 0.1.
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Figure 19: Variation of pressure rise ΔP with Q1 for different values of Da when Ha = 3, Ω = 0.7,  
β* = 0.2, Rn = 0.3, µ = 0.6, β1 = 3, ρ = 0.4, Ø = 0.4, a = 0.1, b = 0.3, E1 = 0.5, E = 0.1.

Figure 20: Variation of pressure rise ΔP with Q1 for different values of Ω when Da = 0.9, Ha = 3,  
β* = 0.2, Rn = 0.3, µ = 0.6, β1 = 3, ρ = 0.4, Ø = 0.4, a = 0.1, b = 0.3, E1 = 0.5, E = 0.1.

Figure 21: Variation of pressure rise ΔP with Q1 for different values of Rn when Da = 0.9, Ω = 0.7,  
β* = 0.2, Ha = 3, µ = 0.6, β1 = 3, ρ = 0.4, Ø = 0.4, a = 0.1, b = 0.3, E1 = 0.5, E = 0.1.
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Figure 24: The variation of temperature θ with y for different values of Ha when Da = 0.6, β* = 0.3, 
BR = 2, µ = 1, ρ = 1, Ω = 0.5, Ø = 1.5, a = 0.1, b = 0.3, E1 = 0.5, E = 0.1.

Figure 22: Variation of pressure rise ΔP with Q1 for different values of β1 when Da = 0.9, Ω = 0.7,  
β* = 0.2, Rn = 0.3, µ = 0.6, Ha = 3, ρ = 0.4, Ø = 0.4, a = 0.1, b = 0.3, E1 = 0.5, E = 0.1.

Figure 23: Variation of pressure rise ΔP with Q1 for different values of ρ when Da = 0.9, Ω = 0.7,  
β* = 0.2, Rn = 0.3, µ = 0.6, β1 = 3, Ha = 0.4, Ø = 0.4, a = 0.1, b = 0.3, E1 = 0.5, E = 0.1.
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Figure 25: The variation of temperature θ with y for different values of Da when Ha = 0.9, β* = 0.3, 
BR = 2, µ = 1, ρ = 1, Ω = 0.5, Ø = 1.5, a = 0.1, b = 0.3, E1 = 0.5, E = 0.1.

Figure 26: The variation of temperature θ with y for different values of Ω when Da = 0.6, β* = 0.3, 
BR = 2, µ = 1, ρ = 1, Ha = 0.9, Ø = 1.5, a = 0.1, b = 0.3, E1 = 0.5, E = 0.1.

Figure 27: The variation of temperature θ with y for different values of β* when Da = 0.6, Ha = 0.9, 
BR = 2, µ = 1, ρ = 1, Ω = 0.5, Ø = 1.5, a = 0.1, b = 0.3, E1 = 0.5, E = 0.1.
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Figure 28: The variation of temperature θ with y for different values of BR when Da = 0.6, β* = 0.3, 
Ha = 0.9, µ = 1, ρ = 1, Ω = 0.5, Ø = 1.5, a = 0.1, b = 0.3, E1 = 0.5, E = 0.1.

Figure 30: The variation of temperature θ with y for different values of µ when Da = 0.6, β* = 0.3,  
BR = 2, Ha = 0.9, ρ = 1, Ω = 0.5, Ø = 1.5, a = 0.1, b = 0.3, E1 = 0.5, E = 0.1.

Figure 29: The variation of temperature θ with y for different values of ρ when Da = 0.6, β* = 0.3,  
BR = 2, µ = 1, Ha = 0.9, Ω = 0.5, Ø = 1.5, a = 0.1, b = 0.3, E1 = 0.5, E = 0.1.
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Figure 31: The variation of temperature θ with y for different values of Ø when Da = 0.6, β* = 0.3, 
BR = 2, µ = 1, ρ = 1, Ω = 0.5, Ø = 1.5, Ha = 0.9, a = 0.1, b = 0.3, E1 = 0.5, E = 0.1.

middle is increasing (Da), while the temperature field near the wall’s boundary is decreasing. In 
Figure 31, the temperature field is depicted as growing (∅) with no change in the channel’s middle 
on the right and left, and dropping (∅) in close proximity to the boundary on the left of the channel 
wall. From Figures 29 and 30 noted that the temperature field do not change at increasing in (ρ), (µ).

*BR = Pr Ec.

5.5 Trapping Phenomena

An interesting component happens in peristaltic flows closed movement strains lure bolus, or the 
extent of fluid called bolus, in the channel tube close to the partitions, and this trapping bolus advances 
along the path of the wave. In Figures 32–37 plots of the stream lines are shown at different values. 
of (Ω), (Da), (Rn), (Ha), (ρ) and (β1 ). Figures 32, 34 and 37 it shows a shrinking of the trapped bolus 
when the (Ω), (Ha) and (ρ) is increased. Figures 33 and 35 the exhibits that the trapping exists in the 
focus of the channel, an increase in (Da) and (Rn) increases the size of bolus, Figure 36 also illustrates 
the influence of the slip parameter (β1 ), with an increase in (β1 ) resulting in a larger bolus.

6. Conclusions

The peristaltic motion of Bingham plastic fluid in an asymmetric channel with a porous material was 
examined in this study to determine the impact of magnetism and rotation on it. By choosing peristal-
tic waves with various ranges, phases, low Reynolds numbers, and wavelengths, the asymmetric duct 
is created. The expression for the axial velocity, magnetic force, flow function, and current density 
were also obtained using an application of the perturbation method. Graphs are used to illustrate the 
findings as follows:
 1. Velocity is a decreasing function of the slip parameter β1  whereas it is a increasing function of the 

Darcy number Da, rotation Ω and β.
 2. Pressure gradient increases by increasing of the slip parameter β1  and Hartman number Ha in the 

channel, whereas it is a decreasing function of the Darcy number Da, rotation Ω, density ρ and Rn.
 3. The pressure rise enhances above the critical value of flow rate with higher values of Darcy number.
 4. A rise in the fluid temperature and a decrease in heat transfer coefficient are caused by an increase 

in the variable thermal conductivity.
 5. For higher values of Ω, Ha and ρ, the size of the trapped bolus decreases while it increases with 

increasing Da and Rn.
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Figure 32: Stream function in the wave frame of (Ha) such that in (a) Ha = 0.1, (b) Ha = 0.4, (c) 
Ha = 0.8, in Ω = 2, Da = 6, µ = 0.6, ρ = 0.4, Ø = 0.4, a = 0.1, b = 0.3, d = 0.5, E1 = 0.5, E = 0.1, β* = 0.1, 

Rn = 0.3, β1 = 0.2.

Figure 33: Stream function in the wave frame of (Da) such that in (a) Da = 2.2, (b) Da = 3.2,  
(c) Da = 4.2, in Ω = 2, Ha = 0.4, µ = 0.6, ρ = 0.4, Ø = 0.4, a = 0.1, b = 0.3,  E1 = 0.5, E = 0.1, β* = 0.1,  

Rn = 0.3, β1 = 0.2.

(a) (b)

(c)

(a) (b)

(c)
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Figure 35: Stream function in the wave frame of (Rn) such that in (a) Rn = 0.3, (b) Rn = 0.4,  
(c) Rn = 0.5, in Ω = 2, Da = 6, µ = 0.6, ρ = 0.4, Ø = 0.4, a = 0.1, b = 0.3, E1 = 0.5, E = 0.1, β* = 0.1,  

Ha = 0.4, β1 = 0.2.

(a) (b)

(c)

Figure 34: Stream function in the wave frame of (Ω) such that in (a) Ω = 1, (b) Ω = 2, (c) Ω = 3, in  
Ha = 0.4, Da = 6, µ = 0.6, ρ = 0.4, Ø = 0.4, a = 0.1, b = 0.3, E1 = 0.5, E = 0.1, β* = 0.1, Rn = 0.3, β1 = 0.2.

(a) (b)

(c)
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Figure 36: Stream function in the wave frame of (β1) such that in (a) β1 = 0.2, (b) β1 = 0.4, (c) β1 = 0.8, 
in Ω = 2, Da = 6, µ = 0.6, ρ = 0.4, Ø = 0.4, a = 0.1, b = 0.3, d = 0.5, E1 = 0.1, β* = 0.1, Rn = 0.3, Ha = 0.4.

Figure 37: Stream function in the wave frame of (ρ) such that in (a) ρ = 0.001, (b) ρ = 0.02, (c) ρ = 0.2, 
in Ω = 2, Da = 6, µ = 0.6, Ha = 0.4, Ø = 0.4, a = 0.1, b = 0.3, E1 = 0.5, E = 0.1, β* = 0.1, Rn = 0.3,  

Ha = 0.4.

(a) (b)

(c)

(a) (b)

(c)
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