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Abstract: This paper investigate the peristaltic transport of a couple stress fluid in an asymmetric and non-uniform channel through 

the porous medium under the action of an externally applied magnetic field .The effects of slip velocity on the channel walls have been 

taken into account and the effects particle size . The non-linearity of the problem is analyzed by using the long wave length and low 

Reynolds number approximations. The mathematical expressions for axial velocity, stream function, pressure gradient and pressure rise 

per wave length have been derived analytically. The above said quantities are computed for a specific set of values of the different 

Parameters involved in the present model .The computational results are presented in the form of graphs. Show that the axial velocity is 

appreciably influenced by the presence of slip velocity, couple stress parameter, Hartmann number, Darcy number and phase different 

as well as the non-uniformity of the channel. Show that there is a linear relationship between pressure rise for each wave length and 

volumetric flow rate .This study puts an important observation that the occurrence of trapping bolus can be eliminated with suitably 

adjusting couple stress effect and the application of strong magnetic field . The role of slip velocity has a reducing effect on the bolus 

size. Moreover, the size of the bolus is increased by increasing the Darcy number and non-uniform parameter of the channel. 
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1. Introduction 
 

The word peristalsis is derived from the Greek word 

περισταλτικός, which means clasping and compressing. It is 

used to describe a progressive wave of contraction along a 

channel or tube whose cross-sectional area consequently 

varies. In physiology, peristalsis is used by the body to push 

or mix the contents of the tube as the ureter passes urine 

from the kidney to the bladder, the movement of the egg into 

the fallopian tube, transport of bile in the bile duct and the 

transfer of sperm in the cervical canal. He also speculated 

that peristalsis may be involved in transporting water in high 

trees. Water transfer involves movement through a porous 

matrix of trees. Some worms use peristalsis as a means of 

mobility. Usually one encounters such motion in digestive 

tract such as the human gastrointestinal tract where smooth 

muscle tissue contracts and relaxes in sequence to produce a 

peristaltic wave, which propels the bolus (a ball of food) 

while in the esophagus and upper gastrointestinal tract along 

the tract. The peristaltic movements not only avoid 

retrograde motion of the bolus but always keep pushing it in 

the forward direction, i.e., the important aspect of peristalsis 

is that it can propel the bolus against gravity effectively. The 

peristaltic transport of viscous liquids is the most important 

biomechanical instrument of the digestive system . Over past 

few decades, peristalsis has attracted much attention of a 

large class of researchers due to its important engineering 

and biomedical applications. Akram et al. [1] Influence of  

Lateral Walls on Peristaltic Flow of a Couple stress fluid in 

anon- Uniform Rectangular Duct . Ali and Hayat[2] they 

have studied on the peristaltic flow of a micropolar fluid in 

an asymmetric channel by considering different kind of fluid 

models, wherein they found distinguishable effect of phase 

difference of wall motion on velocity and other flow 

characteristics. Ellahi et al. [3] presented a theoretical study 

on peristaltic flow of Couple stress fluid in a symmetric non-

uniform channel with compliant walls without examining the 

effects of magnetic field and slip boundary conditions. It has 

been proposed that boundary slip in aqueous systems is 

favored by hydrophobic surfaces in order to reduce the 

liquid-solid friction. Moreover, surface roughness and non-

uniformity of the channel may also play a vital role in 

boundary slip. the problem of mechanism of peristaltic 

transport has been rigorously studied by Fung and Yih [4] . 

Latham[ 5 ] who first introduced the motion of fluids in the 

peristaltic pump. Lozano [6] Peristaltic Flow with 

Application to Ureteral Biomechanics. Maiti and Misra [7] a 

theoretical investigation of the peristaltic transport of a 

couple stress fluid in a porous channel. The study is 

motivated towards investigating the physiological flow of 

blood in the micro-circulatory system. Mishra and Rao [8] 

Peristaltic transport of a Newtonian fluid in an asymmetric 

channel. Rathod and  Sanjeevkumar [9] An analysis of 

peristaltic flow of a couple-stress fluid, with immersed 

nanoparticles, in an asymmetric channel having flexible 

walls. The idea of pumping characteristics was first 

introduced by Shapiro et al. [10] that the pumping is 

determined through the variation in time averaged flux with 

difference in pressure across one wave length. Shit and 

Ranjit [11] investigation of peristaltic transport of a couple 

stress fluid in an asymmetric and non-uniform channel under 

the action of an externally applied magnetic field. Shit et al. 

[12 ] studied the effect of induced magnetic field on the 

peristaltic transport in an asymmetric channel by considering 

micro polar fluid model. Their study reveals that the 

consideration of induced magnetic field has significant 

impact on velocity profile, pressure rise per wave length as 

well as on stream lines. The study is motivated towards 

investigating the peristaltic mechanism in the digestive 

system by considering the particle size effects . Interaction of 

couple stresses and velocity slip on peristaltic transport in 

uniform and non-uniform symmetric channel studied 

analytically by Sobh [13] without considering the effect of 

magnetic field . The couple stress fluid may be considered as 
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a special case of non- Newtonian fluid which is intended to 

take into account the particle size effects. To characterize the 

couple stress fluid, Stokes [14] gave a concept of constitutive 

relationship between the stress and strain rate in micro-

continuum theory of fluids which allows for polar effects 

such as the presence of couple stresses, body couples and a 

non-symmetric stress tensor. The constitutive equations in 

these fluid models are very complex because of the 

involvement of various material constants leading to a 

boundary value problem so that the order of the differential 

equations is higher than the Navier-Stokes equations. He 

found that pressure rise is greater for a couple stress fluid 

than a Newtonian fluid model under similar circumstances. It 

is well known that, if the flow is steady in the wave frame 

the instantaneous pressure difference between two stations of 

one wave length apart is a constant. Tripathi [15] 

Investigated Peristaltic Hemodynamic Flow of Couple-Stress 

Fluids through a porous medium with slip effect. Weinberg 

.et al. [16] carried out experimental  investigations of a two-

dimensional peristaltic flow induced by sinusoidal waves. 

Their work was concerned with the measurements of mean 

flow, pressure gradient and pressure rise under low Reynolds 

number approximations. Therefore, our motivation is to 

examine the role of boundary slip when the non-uniform 

channel walls contracting and expanding. Owing to the 

abovementioned studies, we have investigated the effect of 

slip velocity on peristaltic flow of a couple stress fluid 

through an asymmetric and non-uniform channel through the 

porous medium. The long wave length and low Reynolds 

number assumptions have been made to simplify the highly 

nonlinear terms in the governing equations. The present 

analysis could be used for the design of instruments for 

transportation mechanism in the digestive system of humans 

and animals. 

 

2. Mathematical Formulation and Solution 
 

Consider the peristaltic transport of an incompressible 

couple-stress fluid through an asymmetric and non-uniform 

two-dimensional channelwith porous medium under the 

action of an external magnetic field. generated by 

propagation of waves on the channel walls travelling with 

different amplitudes and phases but with  constant speed c 

(see Fig.1).  

 

 
Figure 1: A physical sketch of the problem 

Let Y' =ℎ1
′  (X' ,t') and Y' =ℎ2

′  (X' ,t') represent respectively 

the upper wall and lower wall of the channel ,such that 

1)  )ℎ1
′  (X' ,t') = 𝑑1  +  𝑋′ − 𝑐𝑡 ′ tan 𝛼 +𝑎1 cos  

2𝜋

𝜆
(𝑋′ − 𝑐𝑡 ′)  

(2)=−𝑑2 −  𝑋 ′ − 𝑐𝑡′ tan𝛼 +𝑎2 cos  
2𝜋

𝜆
(𝑋′ − 𝑐𝑡′ + 𝜙) ( ℎ2

′  (X ',t' 

Where 𝑎1 and 𝑎2 are the amplitudes of waves,𝜆 is the wave 

length, 𝜙 (0≤ 𝜙 ≤ 𝜋) the phase difference between the 

channel walls. X'  and Y'  are the rectangular Cartesian co-

ordinates with X' measures the axis of the channel and Y' the 

transverse axis perpendicular to  X'. 𝑑1 and 𝑑2are the  

constant height of the upper wall and lower wall of the 

channel and 𝛼 denotes the inclination of the channel walls 

with the central axis- X'. The system is stressed by an 

external transverse uniform constant magnetic field of 

strength Β𝜊 . Due to the imposition of an external magnetic 

field in an electrically conducting fluid, there arises 

electromotive force (emf) inducing a current inside the flow 

region. Since the electrical conductivity of liquid is very 

small, the magnetic Reynolds number becomes too small. 

Therefore, we have neglected the induced electrical filed as 

well as induced magnetic field. 

 

The equations of motion for unsteady flow through an 

asymmetric channel of an incompressible couple stress fluid 

(cf. Stokes [14]) with externally imposed magnetic field by 

neglecting the body couples are, 

 

 

 

 
where V′    =(U', V', 0) be the velocity vector, P' is the fluid 

pressure, ρ the fluid density, μ the dynamic viscosity of the 

fluid, η is the constant associated with couple stress effect,B′     

(0,Βο  , 0) the magnetic field vector, E′     the electric field 

vector and σ denotes the electrical conductivity of the fluid. 

The last term appearing in Eq. (4) is the magnetic body force 

per unit volume in which j′  = σ E′    + V′    × B′      represents the 

Lorentz force arising from Maxwell's equations of 

electromagnetism and ∇2=
∂2

∂x ′ 2  +  
∂2

∂y′ 2, 

∇4=
∂4

∂x ′ 4  + 2
∂4

∂x ′ 2y′ 2  +  
∂4

∂y′ 4. 

 

It is further noticed that the flow field in laboratory frame 

(X', Y') and wave frame (x ',y') are treated as unsteady and 

steady motion respectively . Considering the relation 

between the wave frame (x', y') moving with a velocity c 

away from a fixed frame (X', Y') that follows from the 

following transformations.In addition to equation (5) and 

(6)become  
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𝜕𝑢′

𝜕𝑡 ′
= 0 ,

𝜕𝑣′

𝜕𝑡 ′
= 0 

 

𝑣′ x′ , y′ = 𝑉 ′       ,y'= Y' ,  x'= 𝑋′ − 𝑐𝑡 ′ ,𝑈′=𝑢′  (x′, y′) 

 

In which (u', v') and (U',V') are respectively the velocity 

components in the wave and laboratory frames. Using the 

abovementioned transformations, the governing Eqs .(3)  

,(5)and (6) can be written in the wave frame of reference as. 

 
Let us introduce the following non-dimensional variables(cf. 

Mishra and Rao[8]). 

 
where ψ represents the dimensionless stream function in 

which the velocity components u and v given by u = 
𝜕𝜓

𝜕𝑦
 and 

v = - 
𝜕𝜓

𝜕𝑥  
satisrying the continuity Eq. (7). 

 

Using the non-dimensional variables defined in Eqs. (8 ), (9), 

(10) and (11) transformed into following equations in terms 

of stream function 𝜓as 

 

𝑅𝑒. 𝛿   
𝜕𝜓

𝜕𝑦
.
𝜕

𝜕𝑥
−

𝜕𝜓

𝜕𝑥
.
𝜕

𝜕𝑦
 
𝜕𝜓

𝜕𝑦
+

𝜕2𝜓

𝜕𝑥𝜕𝑦
 = −

𝜕𝑃

𝜕𝑥
+ 𝛿2

𝜕3𝜓

𝜕𝑥2𝜕𝑦
 

 

+
𝜕3𝜓

𝜕𝑦3
−

1

𝛾2
 𝛿4

𝜕5𝜓

𝜕𝑥4𝜕𝑦
+ 2𝛿2

𝜕5𝜓

𝜕𝑥2𝜕𝑦3
+

𝜕5𝜓

𝜕𝑦5
  

 

−𝐻𝑎
2  

𝜕𝜓

𝜕𝑦
+ 1 −

1

𝐷𝑎
.
𝜕𝜓

𝜕𝑦
                                                 (12 ) 

 

𝑅𝑒. 𝛿3   −
𝜕𝜓

𝜕𝑦
.
𝜕

𝜕𝑥
+

𝜕𝜓

𝜕𝑥
.
𝜕

𝜕𝑦
 
𝜕𝜓

𝜕𝑥
−

𝜕2𝜓

𝜕𝑥2
 = −

𝜕𝑃

𝜕𝑦
 

+𝛿2  𝛿2
𝜕3𝜓

𝜕𝑥3 +
𝜕3𝜓

𝜕𝑦2𝜕𝑥
 −

𝛿2

𝛾2  𝛿4
𝜕5𝜓

𝜕𝑥5 + 2𝛿2
𝜕5𝜓

𝜕𝑥3𝜕𝑦2 +
𝜕5𝜓

𝜕𝑦4𝜕𝑥
  

+
𝛿2

𝐷𝑎
.
𝜕𝜓

𝜕𝑥
 13  

The dimensionless parameters that appeared in Eqs. (12) and 

(13) 

 are defined as Re =
𝑐ρ𝑑1

𝜇
  the Reynolds number, 𝛿 =  

𝑑1

𝜆
  the 

Wave number, Ha=Β𝜊𝑑1 
𝜎

𝜇
the Hartmann number,  𝛾 =

𝑑1 
𝜇

𝜂
 the couple stress parameter and 𝐷𝑎 =

𝑘𝜊  

 𝑑1
2 the Darcy 

number. 

 

The instantaneous volumetric flow rate in the laboratory 

frame is given by    

 
where ℎ1

′  and ℎ2
′   are functions of X' and 𝑡 ′  

 

Similarly, the rate of volume flow in the wave frame is 

obtained as 

 
Using the frames transformation into Eqs. ( 14 ) and ( 15), 

the relation between Q and q can be obtained as 

 
The time mean flow over a period T at a fixed position 𝑋′  is 

defined as 

 
Using Eq. (16) in Eq. (17) the flow rate 𝑄′  has the form 

 
Note that ℎ1(x) and ℎ2(x) represent the dimensionless form 

of the peristaltic channel walls given by the 

equations(10)and(11) of the form 

 

where 𝑎 =
𝑎1

𝑑1
, 𝑏 =

𝑎2

𝑑1
 , 𝑑 =

𝑑2

𝑑1
, 𝑘 =  

𝜆 tan 𝛼

𝑑1
  is called the 

non-uniform parameter of the channel. 
 

The non-dimensional form of Eq. ( 18 ) is now given by 

𝜃 = 𝐹 + 1 + 𝑑 + 2𝑘𝑥 + 𝑎 cos 2𝜋𝑥 + 𝑏 cos 2𝜋𝑥 + 𝜙             (21) 

where θ =
Q ′

cd1
and F =

q

cd1
has the expression in the form 

 
 

Under the assumption of long wave length approximation 

(δ<< 1) and low Reynolds number, (Re<< 1) (cf. Shapiro et 

al.[10])  eliminating pressure term using cross differentiation 

from the dimensionless Eqs. (12) and (13) one can write in a 

single differential equation in terms of stream function 𝜓 as 

 
The boundary conditions in terms of the stream function  𝜓 

(x ,y) in the wave frame can be written as 
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The solution of (23) satisfying the corresponding boundary 

conditions (24) is 

 
The velocity can be written as 

 
Once we determined the stream functionψ, the axial pressure 

gradient can be obtained as 

𝜕𝑃

𝜕𝑦
= 0                                                                                   (27)   

𝜕𝑃

𝜕𝑥
=

𝜕3𝜓

𝜕𝑦3
−

1

𝛾2
.
𝜕5𝜓

𝜕𝑦5
− 𝐻𝑎

2  
𝜕𝜓

𝜕𝑦
+ 1 −

1

𝐷𝑎
.
𝜕𝜓

𝜕𝑦
          (28) 

The pressure rise per wave length Δ𝑝 in non-dimensional 

form is defined by 

Δ𝑝 =  
𝜕𝑃

𝜕𝑥

1

0

dx                                                                       (29) 

 

3. Results and Discussion 

 
The analytical expressions for the axial velocity, pressure 

gradient, pressure rise and stream function are derived in this 

section. The numerical results corresponding to the 

abovementioned analytical expressions have been computed 

using MATHEMATICA subject to the  following data:   

D𝒶 = 0.1, 2 𝑎𝑛𝑑 6  , 𝐻𝒶 = 0.1, 1.6 𝑎𝑛𝑑 1.8, 𝑏 = 0.4, 

𝑎 = 0.5, 𝛾 = 2, 2.3 𝑎𝑛𝑑 2.8, , 𝑑 = 1, 𝛽 = 0.1 ,0.2 𝑎𝑛𝑑  0.5, 

𝜙 =
𝜋

4
,
𝜋

3
 𝑎𝑛𝑑 

𝜋

2
   , 𝐹 = 1 , −6   , 𝑘 = 0.2, 0.3 𝑎𝑛𝑑 0.6 

 

3.1 Velocity distribution  

 

Figs. 2-7 represent the variation of axial velocity u across the 

channel for different values of the  Hartmann number  𝐻𝒶, 

couple stress parameter 𝛾 , the slip parameter 𝛽, the Darcy 

number  D𝒶,  phase difference 𝜙 and the non-uniform 

parameter 𝑘 . Fig. 2 shows that the axial velocity decreases 

in the central region of the channel with increasing Hartmann 

number 𝐻𝒶, while the axial velocity increases in the 

boundary of the channel wall. The reason behind this fact is 

the Lorentz force that arises due to the application of an 

external magnetic field, which plays a vital role in 

decelerating the fluid motion. Similarly the axial velocity has 

reducing effect at the central region of the channel and 

accelerating effect near the channel walls for increasing 

couple stress parameter 𝛾 as shown in Fig. 3 In this case 

velocity decreases due to the increase of particle size 

suspended in the fluid itself and causes flattening of the 

velocity profiles. In order to satisfy the conservation of mass, 

the flow rate remains same for any value of these parameters 

at any cross section of the channel. From Fig. 4 shows that 

the axial velocity decreases in the central region of the 

channel with increasing the slip parameter 𝛽, while the axial 

velocity increases near the channel walls.This fact is 

influenced by the presence of velocity slip at the walls for 

which the axial velocity is faster at the peripheral region than 

in its core region. Therefore the slip effect has also 

significant impact on the axial velocity. It reduces the 

friction of force at the wall and propel to fluid flow 

accurately. From Fig. 5 we observed that the axial velocity 

also decreases at the central region with increasing the non-

uniform parameter 𝑘 of the channel, while the axial velocity 

increases in the boundary of the channel wall. It is examined 

in Fig.6 that by increasing phase difference 𝜙 ,the velocity of 

fluid decreases in the region yϵ[-1.5,-0.3] ,whereas it 

increases in the rest of region. Fig. 7 we observed that the 

axial velocity increase at the central region with the increase 

of the Darcy number D𝒶, while the axial velocity decreases 

in the boundary of the channel wall.  

 

 
Figure 2: Variation of axial velocity u for different values of 

𝐻𝑎  with  D𝒶 = 0.1 , 𝛾 = 2, 𝑎 = 0.5, 𝑏 = 0.4, 𝑑 = 1, 𝛽 = 0.1 

D𝒶 = 0.1 , 𝛾 = 2, 𝑎 = 0.5, 𝑏 = 0.4, 𝑑 = 1, 𝛽 = 0.1, 𝜙 =
𝜋

4
,

𝐹 = 1, 𝑘 = 0.2, 𝑥 = 1 

 
Figure 3: Variation of axial velocity u for different values 

of𝛾    with𝐻𝒶 = 0.1 , D𝒶 = 0.1, 𝑎 = 0.5, 𝑏 = 0.4, 𝑑 = 1, 

𝛽 = 0.1, 𝜙 =
𝜋

4
, 𝐹 = 1, 𝑘 = 0.2, 𝑥 = 1 

 
Figure 4: Variation of axial velocity u for different values 

of𝛽with D𝒶 = 0.1  , 𝐻𝒶 = 0.1  , 𝑎 = 0.5, 𝑏 = 0.4, 𝑑 = 1 , 
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𝛾 = 2, 𝜙 =
𝜋

4
, 𝐹 = 1, 𝑘 = 0.2, 𝑥 = 1 

 
Figure 5: Variation of axial velocity u for different values 

of𝑘with D𝒶 = 0.1, 𝐻𝒶 = 0.1  , 𝛾 = 2, 𝑎 = 0.5, 𝑏 = 0.4, 

𝑑 = 1, 𝜙 =
𝜋

4
, 𝐹 = 1, 𝛽 = 0.1, 𝑥 = 1 

 
Figure 6: Variation of axial velocity u for different values of 

∅with  K = 0.2, 𝐻𝒶 = 0.1 , 𝛾 = 2, 𝑎 = 0.5, 𝑏 = 0.4, 𝑑 = 1, 
𝛽 = 0.1 , 𝐹 = 1, 𝑥 = 1, D𝒶 = 0.1 

 
Figure 7: Variation of axial velocity u for different values of 

D𝒶 with 𝜙 =
𝜋

4
, 𝐻𝒶 = 0.1   , 𝛾 = 2, 𝑎 = 0.5, 𝑏 = 0.4, 

𝑑 = 1, 𝛽 = 0.1, 𝐹 = 1, 𝑘 = 0.2 , 𝑥 = 1 

 

3.2 Pumping characteristics 

 

Figs. 8-13 illustrate the variation of axial pressure gradient 

along the Length of the channel in one wave length  x ∈[0,1].  

From these figures one can note that through the region  x ∈ 

[0.2,0.8]  , i.e. the narrowing part of the channel, flow cannot 

pass easily. Therefore, it requires more pressure gradient to 

make it as normal flow. Similarly in the wider part of the 

channel, i.e. in the region x ∈ [0,0.2] ∪ [0.8,1] fluid can pass 

easily because of the lower pressure gradient. Fig. 8. we 

observed that the magnitude of the axial pressure gradient 

increasing  with the increase of the Hartmann number 𝐻𝒶. 

From this figure. it may point out that when the applied 

magnetic field is high, then more pressure is needed to pass 

the same volume of fluid in the narrowing part of the 

channel. However, the trend is reversed in the case of the 

Darcy number Da, slip parameter β, couple stress parameter  

γ, phase different ϕ as well as non- uniform  parameter k of 

the channel as shown in Figs.9-13 respectively . Therefore, 

the less pressure is required to fluid flow.                            

 

Figs 14-19 depict the variation of pressure rise in function of 

volumetric flow rate in the wave frame for different values of 

the Hartmann number  𝐻𝒶 , couple stress parameter  , the slip 

parameter 𝛽  , Darcy number D𝒶 , phase different 𝜙 and the 

non-uniform parameter 𝑘. The whole region is considered 

into five parts (i) peristaltic pumping region where(𝛥𝑝 >
0, 𝐹 > 0). (ii) augmented pumping(co-pumping) region 

where (∆𝑝 < 0, 𝐹 > 0). (iii) when (∆𝑝 > 0, 𝐹 < 0), then it 

is a retrograde pumping region. (iv) There is a co-pumping 

region where (∆𝑝 < 0, 𝐹 < 0). (v)(∆𝑝 = 0) corresponds to 

the free pumping region.Fig.14 shows that pressure rise 

∆𝑝increases with increasing Hartmann number 𝐻𝒶. It can be 

seen from the graph that in a retrograde region (∆𝑝 > 0, 𝐹 <
0), the pumping rate decreases ina co-pumping region where 

(∆𝑝 < 0, 𝐹 < 0) with an increase in 𝐻𝒶 . Fig.15 shows that 

pressure rise ∆𝑝decreases with increasing Darcy number 

D𝒶.It is observed the pumping increases in the region of 

augmented pumping and the co-pumping region (∆𝑝 < 0). 

Fig.16 shows that pressure rise ∆𝑝decreases with increasing 

couple stress parameter 𝛾. It is observed that in a retrograde 

pumping region ∆𝑝 > 0, 𝐹 < 0 ,the pumping rate increases 

in a co-pumping region where (∆𝑝 < 0)with an increase in 

𝛾.  Fig.17 shows that pressure rise ∆𝑝decreases with 

increasing slip parameter 𝛽. It is observed that in a 

retrograde pumping region(∆𝑝 > 0, 𝐹 < 0), the pumping 

rate increases a co-pumping region where (∆𝑝 < 0) with an 

increase in 𝛽. Fig.18 shows that pressure rise ∆𝑝decreases 

with increasing non-uniform parameter  . It is observed that 

the pumping rate increases in the co-pumping region 

(∆𝑝 < 0) and free pumping region (∆𝑝 = 0) . Fig.19 shows 

that pressure rise ∆𝑝increases with increasing phase different 

𝜙 in a retrograde pumping region. It is observed that the 

pumping rate decreases in the co-pumping region (∆𝑝 < 0) 

with an increase in the phase different 𝜙. It is noticed that 

there is a linear relationship between pressure rise for each 

wave length and volumetric flow rate. 

 

Figure 8:.Distribution of pressure gradient 𝛿𝑝 =
𝜕𝑝

𝜕𝑥
 for 

different values H𝑎with D𝒶 = 0.1  , 𝛾 = 2, 𝑎 = 0.5, 𝑏 = 0.4, 

𝑑 = 1, 𝛽 = 0.1 , 𝜙 =
𝜋

4
, 𝐹 = 1  , 𝑘 = 0.2, 𝑦 = 1 

 

Figure 9:.Distribution of pressure gradient 𝛿𝑝 =
𝜕𝑝

𝜕𝑥
 for 

different values D𝒶with𝛾 = 2 , 𝐻𝒶 = 0.1 , 𝑎 = 0.5, 𝑏 = 0.4 , 

𝑑 = 1 , 𝛽 = 0.1, 𝜙 =
𝜋

4
, 𝐹 = 1, 𝑘 = 0.2, 𝑦 = 1 
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Figure 10:.Distribution of pressure gradient 𝛿𝑝 =
𝜕𝑝

𝜕𝑥
 for 

different values of 𝛽 with D𝒶 = 0.1 , 𝐻𝒶 = 0.1 , 𝛾 = 2 , 

𝑎 = 0.5 , 𝑏 = 0.4 , 𝑑 = 1 , 𝜙 =
𝜋

4
 , 𝐹 = 1, 𝑘 = 0.2, 𝑦 = 1 

 

Figure 11:.Distribution of pressure gradient 𝛿𝑝 =
𝜕𝑝

𝜕𝑥
 for 

different values γwith D𝒶 = 0.1 , 𝐻𝒶 = 0.1 , 𝑎 = 0.5, 

𝑏 = 0.4 , 𝑑 = 1 , 𝛽 = 0.1, 𝜙 =
𝜋

4
, 𝐹 = 1,𝑘 = 0.2, 𝑦 = 1 

 

Figure 12:.Distribution of pressure gradient 𝛿𝑝 =
𝜕𝑝

𝜕𝑥
 for 

differentvalues 𝜙 with D𝒶 = 0.1 , 𝐻𝒶 = 0.1 , 𝛾 = 2 , 𝑎 =
0.5 , 𝑏 = 0.4 , 𝑑 = 1 , 𝛽 = 0.1 , 𝐹 = 1, 𝑘 = 0.2, 𝑦 = 1 

 

Figure 13:.Distribution of pressure gradient 𝛿𝑝 =
𝜕𝑝

𝜕𝑥
  for 

different values of  k with D𝒶 = 0.1 , 𝐻𝒶 = 0.1 , 𝑎 = 0.5, 

𝑏 = 0.4 , 𝑑 = 1 , 𝛽 = 0.1, 𝜙 =
𝜋

4
, 𝐹 = 1,𝛾 = 2, 𝑦 = 1 

 

 
Figure 14: Variation of pressure rise ∆P with F for different 

values of𝐻𝒶 when D𝒶 = 0.1  , 𝛾 = 2, 𝑎 = 0.5, 𝑏 = 0.4, 

𝑑 = 1 , 𝛽 = 0.1, 𝜙 =
𝜋

4
, 𝑘 = 0.2, 𝑦 = 1 

 
Figure 15: Variation of pressure rise ∆P with F for different 

values of ofD𝒶 when𝜙 =
𝜋

4
, 𝐻𝒶 = 0.1 , 𝑎 = 0.5, 

𝑏 = 0.4, 𝑑 = 1, 𝛽 = 0.1, 𝛾 = 2, 𝑘 = 0.2, 𝑦 = 1 

 
Figure 16: Variation of pressure rise ∆P with F for different 

values of𝛾  whenD𝒶 = 0.1, 𝐻𝒶 = 0.1, 𝛽 = 0.1, 𝑎 = 0.5, 𝑏 =

0.4, 𝑑 = 1, 𝜙 =
𝜋

4
, 𝑘 = 0.2, , 𝑦 = 1 

 
Figure 17: Variation of pressure rise ∆P with F for different 

values of𝛽  when D𝒶 = 0.1, 𝛾 = 2, 𝐻𝒶 = 0.1, 𝑎 = 0.5, 𝑏 =

0.4, 𝑑 = 1, 𝜙 =
𝜋

4
, , 𝑘 = 0.2, 𝑦 = 1 
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Figure 18: Variation of pressure rise ∆P with F for different 

values ofk  when  D𝒶 = 0.1, 𝛾 = 2, 𝐻𝒶 = 0.1 , 𝜙 =
𝜋

4
, 𝑎 =

0.5 , 𝑏 = 0.4 , 𝑑 = 1 , 𝛽 = 0.1   , 𝑦 = 1 

 
Figure 19: Variation of pressure rise ∆P with F for different 

values of 𝜙  when D𝒶 = 0.1, 𝐻𝒶 = 0.1, 𝛾 = 2 , 𝑎 = 0.5, 𝑏 =
0.4, 𝑑 = 1 , 𝛽 = 0.1, , 𝑦 = 1, 𝑘 = 0.2 

 

3.3 Trapping phenomena 

 

It is known that the phenomenon of trapping is the formation 

of circulating bolus of the fluid is a region of closed stream 

lines that move with the wave speed in the wave frame. 

Owing to the trapping phenomenon, there will exist 

stagnation points, where both the velocity components of the 

fluid vanish in the wave   frame. It is more necessary to study  

the stream lines pattern , because of the fact that the 

difference between the values of the stream function at any 

two points is used to calculate the flux of fluid or volumetric 

flow rate through a line connecting the two points. lt is 

observed from Figs.20-24  that the bolus formation takes 

place on both sides of the central line of the channel in the 

expanded region. As the magnetic field strength increases the 

size of the trapped bolus decreases and vanishes in the 

presence of sufficiently strong magnetic field. Figs. 20(a, b, 

c)  give the variation of stream lines with the variation of the 

Hartmann number 𝐻𝒶. We have observed that as the 

Hartmann number increases the bolus size decreases. Figs. 

21(a, b, c)  give the variation of stream lines with the 

variation of the Darcy number  D𝒶. We have observed that 

as the Darcy number  D𝒶 increases the bolus size increase. 

Figs. 22 (a, b, c) We have observed that as the couple stress 

parameter 𝛾 increases the bolus size decreases and 

disappears at 𝛾 = 2.8 . The effects of slip parameter  on the 

distribution of stream lines are shown in Figs.23(a, b, c) The 

slip parameter also reduces the formation of trapped bolus. 

We observed that increase of the slip parameter 𝛽 the trapped 

bolus decreases in size and transported and disappears in the 

downstream direction. The phenomenon of reducing bolus 

size may help to prevent possible damage of red cells and 

other constituents. Figs.24.(a, b, c) illustrate the Variation of 

stream lines with the non-uniformity k of the asymmetric 

channel. We observed that as the non-uniform parameter 𝑘 

increases the trapped bolus also increases in size and 

transported in the downstream direction.These figures 

indicate that in the wider part of the channel, the flow is 

pulled by the wall, whereas in the a narrow part . the fluid is 

pushed away from the wall. 

 
(a)                                              (b) 

 
(c) 

Figure 20: Streamlines (𝜓) pattern  for a 𝐻𝒶 =
0.1,  𝑏 𝐻𝒶 = 1.6,  c 𝐻𝒶 = 1.8    withD𝒶 = 0.1 , 𝛾 = 2 , 𝑎 =

0.5 , 𝑏 = 0.4 , 𝑑 = 1 , 𝛽 = 0.1, 𝜙 =
𝜋

4
, 𝐹 = 1 , 𝑘 = 0.2 

 
(a)                                        (b) 

 
(c) 

Figure 21: Streamlines (𝜓) pattern  for a Da =
0.1,  b Da = 2,  c Da = 6    with𝐻𝒶 = 0.1 , 𝛾 = 2 , 𝑎 =

0.5 , 𝑏 = 0.4 , 𝑑 = 1 , 𝛽 = 0.1, 𝜙 =
𝜋

4
, 𝐹 = 1 , 𝑘 = 0.2 

 
(a)                                        (b) 
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(c) 

Figure 22: Streamlines (𝜓) pattern for a γ = 2, (𝑏)γ =
2.3 , (𝑐)γ = 2.8 with𝐻𝒶 = 0.1 , D𝒶 = 0.1 , 𝑎 = 0.5 , 

𝑏 = 0.4, 𝑑 = 1 , 𝛽 = 0.1, 𝜙 =
𝜋

4
, 𝐹 = 1, 𝑘 = 0.2 

 
(a)                                        (b) 

 
(c) 

Figure 23: Streamlines (𝜓) pattern for a β = 0.1, (𝑏)β =
0.2, (𝑐)β = 0.5    with𝐻𝒶 = 0.1, 𝛾 = 2, 𝑎 = 0.5 , 

𝑏 = 0.4 , 𝑑 = 1, D𝒶 = 0.1 , 𝜙 =
𝜋

4
, 𝐹 = 1, 𝑘 = 0.2 

 

(a)                                        (b) 

 
(c) 

Figure 24: Streamlines (𝜓) pattern for a K = 0.2,  𝑏 K =
0.3, (𝑐)K = 0.6    with𝐻𝒶 = 0.1, 𝛾 = 2, 𝑎 = 0.5, 𝑏 = 0.4 , 

𝑑 = 1 , 𝛽 = 0.1, 𝜙 =
𝜋

4
, 𝐹 = 1, D𝒶 = 0.1 

4. Conclusions 
 

In this paper, we have theoretically studied the effects of slip 

velocity in a peristaltic transport of physiological fluids 

represented by non-Newtonian fluid model passing through 

an asymmetric non-uniform channel with porous medium 

under the long wave length and low Reynolds number 

assumptions . In this investigation, special emphasis has been 

paid to study such as velocity distribution, the pumping 

characteristic and  the trapping phenomena on the basis of a 

simple analytical solution. 

1) The axial velocity (u) at the central region decreases with 

the increasing values of the Hartmann number 𝐻𝒶 , 

couple stress parameter (γ), the slip parameter (𝛽) and 

non-uniform parameter(𝑘) of the channel , whereas it 

increases in the boundary of the channel wall. 

2) The axial velocity (u) at the central region increases with 

the increasing values of theDarcy number ( D𝒶 ) , 
whereas it decreases in the boundary of the channel wall . 

3) The axial pressure gradient ( 
𝜕𝑃

𝜕𝑥
)increases with the 

increase of Hartmann number 𝐻𝒶  , whereas it decreases 

with the increasing values of the Darcy number ( D𝒶 ) 

,slip parameter(𝛽) ,couple stress parameter (γ) as well as 

non-uniform parameter (𝜙)of the channel. 

4) There is a linear relationship between pressure rise for 

each wave length and volumetric flow rate 

5) The pressure rise increases in retrograde pumping with 

the increasing values𝐻𝒶 and 𝜙, whereas it decreases with 

the  increasing values 𝐷𝑎 , γ , 𝛽 𝑎𝑛𝑑 𝑘. 

6) It may interesting to note that the trapped bolus can be 

eliminated with the increasing of values couple stress 

parameter(γ) and the application of strong magnetic field. 

The role of slip velocity (𝛽)has a reducing effect on the 

bolus size. whereas it increases the bolus size with the 

increasing values of the Darcy number ( D𝒶 ) and the 

non-uniform parameter (𝑘)of the channel. 
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