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Abstract: The paper is a study on the peristaltic transport of a magnetohydro dynamic fluid in an asymmetric tapered channel with 

porous medium. The study is the prominent motivated for the phenomenon of peristalsis in the flow of some physiological fluids in the 

human body devices. The viscosity of the fluid is dependent on temperature. The basic problems associated with heat and mass transfer 

during the fluids flow. The study has been carried out for long wavelength of the peristaltic motion. By using perturbation technique, 

series solutions have been obtained for stream function, velocity, pressure gradient, shear stress and pressure rise per wavelength with 

low Reynolds number. It is seen that the results of the study reveals that the pressure gradient is decrease with increasing of Hartmann 

number and the thermal radiation parameter and mean flow rate, but increases with increasing the slip velocity. The average rise in 

pressure increases with the increase of Grashof number while it decreases by increasing of Hartmann number. The velocity is 

increasing with increase of Hartmann number and the thermal radiation parameter at the core part of the channel. The study reveals 

also that the volume of the trapping bolus increases with increases of Reynolds model viscosity, while decreasing with increase of 

Hartmann number. In order to illustrate the validity of the theoretical study, numerical results have been computed by using 

MATHEMATICA software. 
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1. Introduction 
 

The peristaltic transport is a unique mechanism for pumping 

most various physiological fluids, such as blood flow in 

small veins and arteries of the blood circulation in the human 

body, transferring the ovum in the Fallopian tube and the 

movement of sperm in the channels, transfer the yellow 

substance from the gallbladder to the twelve, transfer of 

urine from the kidney to the bladder through the ureter, the 

transfer of nutrients in the gastrointestinal tract, is performed 

with the aid of peristaltic mechanism and there are important 

applications in many biomedical devices, such as blood 

pumps and heart lung machines. The physiology of the 

gastrointestinal tract, esophagus, stomach, intestine and 

ureter associated with the phenomenon of peristalsis was 

discussed in the book "Biomathematics" [13]. There are 

several important research studies on the peristalsisly 

transmission of fluids,, among them, Usha [30] and Fung 

[31] and Shapiro et al.[4] and Mekheimer [19] and There are 

also some recent Important studies in noxious transient fluids 

on peristaltic transport include those by Misra and Maiti [14–

16], [23-25] also Misra and Pandey[17, 18] and Hayat and 

Ali.[21] and Tripathy [9] and Afifi [1] and Eytan et al.[10].  

 

Peristaltic flow of a multi-layered power-law fluid in a 

cylindrical vessel was studied by Misra and Pandey [17]. The 

same authors [18] also performed analysis of peristaltic flow 

of a Casson fluid in both two-dimensional and 3-dimensional 

cases, by considering the existence of a peripheral layer of 

Newtonian fluid. On the other study, Misra and Maiti [15] 

made an important observation that the nature of trajectories 

of fluid particles during peristaltic flow plays a significant 

role in the proper functioning in arterioles of the micro-

circulatory system. they further observed that the 

characteristics of peristaltic transport of the fluid along with 

velocity distribution and shear stress distribution at the wall 

are significantly affected by the amplitude ratio of the waves. 

It is to be noted that in the aforesaid studies of peristaltic 

flow of various types of fluids under different situations, the 

associated problems of heat and mass transfer. Neither do 

they take into account the temperature dependence of the 

fluid properties. As we know, heat transfer fundamentally 

refers to the exchange of thermal energy between the diffe-

rent components of a physical system. 

 

Presented Pfeffer and Happel [22], examined an analytical 

solution to a problem of estimating particle to-fluid heat and 

mass transfer rates in multiparticle systems at low Reynolds 

numbers. A problem of heat and mass transfer during MHD 

flow of a viscous fluid in a vertical plate was discussed by 

Singh et al.[8], by considering the fluid to be incompressible 

and electrically conducting. The vertical plate was assumed 

to be porous and to be embedded in a porous medium. 

  

There have been studies in recent years to the effects of heat 

and mass transfer on MHD channel flows were investigated 

recently by Gul et al.[2, 3] the authors made an important 

observation that for both ferrofluids and nano-fluids, the 

fluid velocity and temperature are highly influenced by fluid 

viscosity and thermal conductivity. It was remarked on the 

basis of the study [3] that in comparison with water, ethylene 

glycol is considered as a better base fluid for convection 

owing to the fact that its viscosity and thermal conductivity 

are higher than those of water. Zin et al.[20] and Khalid et 

al.[5] deal with two different problems of MHD free 

convection flows past vertical plates embedded in porous 

media. In [20], the fluid considered is a Jeffrey fluid 

containing nano-particles of silver. They observed that a rise 

in volume fraction is accompanied by an increase in fluid 

velocity and a rise in fluid temperature.  
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As well a study presented by Mishra et al.[26], the effect of 

heat and mass transfer on free convective flow of an 

incompressible viscoelastic fluid, by considering the 

fluctuative suction to be time-dependent and he presented 

Sinha and Misra [7] studied the effect of induced magnetic 

field on MHD stagnation point flow on a stretching heat, by 

accounting for the heat transfer. In a recent communication, 

and by Misra and Adhikary [12] presented their study on 

MHD oscillatory channel flow, heat and mass transfer in the 

presence of a chemical reaction. On the basis of this study, 

the authors reported that heat transfer increases with 

increasing Prandtl number and also that the mass transfer 

rate enhances with a reduction in the value of Schmidt 

number (mass diffusivity).  

 

In a study on the neutron fluid carried out, Srinivas and 

Gayathri [27] examined the influence of heat transfer on the 

peristaltic flow in a vertical channel flow asymmetry was 

supposed to be due to propagation of wave train of different 

amplitude and porous medium. Hayat et al.[29] studied the 

influence of velocity-slip and thermal slip on peristaltic flow 

in an asymmetric channel, in this study the effects of heat 

and mass transfer, and the temperature-dependence of the 

fluid properties on peristaltic flow. A recent studies have also 

been iscussed, Misra et al.[11] the influence of heat and mass 

transfer in asymmetric channels during peristaltic transport 

of an MHD fluid having temperature-dependent properties 

and Sinha et al.[6] Peristaltic transport of MHD flow and 

heat transfer in an asymmetric channel: effects of variable 

viscosity, velocity-slip and temperature jump and Hayat et al. 

[28] Influence of convective conditions in radiative 

peristaltic flow of pseudoplasticnanofluid in a tapered 

asymmetric channel. 

  

In this paper we will studies heat and mass transfer in 

asymmetric tapered channels during peristaltic transport of a 

magnetohydrodynamic fluid having temperature-dependent 

properties through porous medium, where wavelength of the 

peristaltic flow is long and the Reynolds number is small. 

The equations for the momentum and energy have been 

linearized on the basis of these considerations. Expressions 

for the stream function, velocity, pressure gradient and 

temperature have been obtained. Pumping characteristics of 

the peristaltic flow and the trapping phenomenon have been 

discussed. Numerical results of different physical parameters 

in the through the peristaltic transport in tapered channel of 

the MHD fluid have been obtained by using the software 

MATHEMATICA.  

 

2. Mathematical Formulation  
 

In the present study, we consider the flow of an incomp-

ressible magnetohydrodynamic (MHD) nanofluid in a two-

dimensional tapered asymmetric channel of width (𝑑1 + 𝑑2) 

through a porous space (see Fig.(1)) under the effect of heat 

and mass transfer. Wave speed of peristaltic waves is 

denoted by𝑐. Here𝑋 − axis is taken along the length of 

channel and𝑌 − axis transverse to it. A uniform magnetic 

field𝐵 = (0,𝐵0 , 0)is applied. The induced magnetic field is 

neglected by assuming a very small magnetic Reynolds 

number. Also the electric field is taken absent. We 

choose𝑌 = 𝐻 1and𝑌 = 𝐻 2as the right side and the left walls 

respectively. The geometry of the wall surfaces is given as 

follows: 

 

 
Figure 1: Geometry of the tapered asymmetric channel 

 

Where (𝑑1), (𝑑2) the channel width, (𝑏1) and (𝑏2) are the 

amplitudes of right and left walls respectively, (𝑐) is the 

phase speed of the wave, 𝑚 (≪ 1) is the non-uniform 

parameter, (λ) is the wave length, (t ) the time, the phase 

difference (ϕ) varies in the range0 ≤ 𝜙 ≤ 𝜋,𝜙 =
0corresponds to symmetric channel with waves out of phase 

i.e. both walls move towards outward or inward 

simultaneously and further 𝑏1 , 𝑏2,𝑑1 ,𝑑2and 𝜙 satisfy the 

following condition at the inlet of divergent channel  

 
 

Here we assume the fluid to be electrically conducting in the 

presence of a uniform inclined magnetic field 𝐵 = (0,𝐵0 , 0). 

To calculate the Lorentz force we will apply a magnetic field 

just in 𝑌 − 𝑑𝑖𝑟𝑒𝑐𝑡𝑖𝑜𝑛 and then we study the effect of it on 

the fluid flow. 

 

3. Governing Equations 
 

Based on the consideration made above, the governing 

equations that describe the flow in the present study are 

given by 
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Where the Eq.(4) ensures the conservation of mass, while 

Eqs.(5) and (6) are the momentum conservation equations 

and 𝑇  is the temperature at any point (𝑋 ,𝑌 ) of the fluid mass 

in motion.  

 

By using Rosseland approximation (cf.[7]), the relative heat 

flux is given by  

 
Under the consideration that the temperature difference 

within the fluid mass that flows is sufficiently small, using 

Taylor expansion and neglecting higher-order terms, we can 

write 

 
Now, for 𝑈  and 𝑉  be the respective velocity components 

along 𝑋  and 𝑌  directions in the fixed fram, respectively. For 

the unsteady two-dimensional flow, the velocity components 

may be written 𝑽 =  𝑈  𝑋 ,𝑌  ,𝑉  𝑋 ,𝑌  , 0 . 

 

The temperature function may be written 𝑇 = 𝑇 𝑋 ,𝑌  . 
The appropriate boundary conditions comprising wall slip 

and convective boundary conditions are given as follows: 

 
If we introduce the wave frame having coordinates (𝑥 , 𝑦 ) 

which travel in the 𝑥 − 𝑑𝑖𝑟𝑒𝑐𝑡𝑖𝑜𝑛 with the same wave 

velocity (𝑐). Then the unsteady flow in the laboratory frame 

(𝑋 ,𝑌 ) can be treated as steady. The coordinates and 

velocities in the two frames are related by  

 
 

Where 𝑢 , 𝑣  are the velocity components in the wave frame 

(𝑥 ,𝑦 ). 

Using the transformations in Eq.(12) into constitutive 

relations (4)-(7) we have the following form. 

 

 

 

 

 

 

 
We will introduce the following new quantities 

 
Where (𝑥) is the non-dimensional axial coordinate, (𝑦) is the 

non-dimensional transverse coordinate, (𝑡) is the 

dimensionless time, (𝑢) and (𝑣) are non-dimensional axial 

and transverse velocity components respectively, (𝑝) is the 

dimensionless pressure, (a) and (𝑏) are amplitudes of upper 

and lower walls, (𝛿) is the wave number, (𝑚) is the non-

uniform parameter, (𝜃) is the dimensionless temperature, 

(ΔT = 𝑇1 − 𝑇0) denote the temperature difference, (𝝆)the 

density of nano-particles, (κ)the thermal conductivity of 

fluid, (𝐾) is the Darcy number, (𝐾 0)the permeability 

parameter, (β) is the heat source/sink parameter, the velocity-

slip parameter (𝛽1), the Grashof number (Gr), (Nr) is the 

thermal radiation parameter, (𝑃𝑟) is the Prandtl number, (𝑀) 

is the Hartmann number and (𝑅e) is the Reynolds number. 

 

Using the above dimensionless quantities of Eq.(17) and the 

wave length approximation(𝛿 ≪ 1)and the definition of 

stream function (𝑢 =
𝜕𝑣

𝜕𝑦
, 𝑣 = −

𝜕𝑣

𝜕𝑥
). 

 
Although in most previous studies of fluid mechanical 

problems for the sake of simplicity of the analysis, fluid 

viscosity has been taken to be constant, in many processes 

viscosity is a function of temperature. Keeping this in mind, 

in the present study temperature dependence of fluid 

viscosity has been accounted for by treating it as an 

exponential function of temperature. Let us take ( 𝜇 𝜃  
= 𝑒−𝛼𝜃 ), where (α) is the Reynolds model viscosity 

parameter, which is a constant. For 𝛼 ≪ 1, neglecting 

squares and higher powers of (𝛼), we write  
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From Eq.(19) shows that (𝑝) is not a function of (𝑦) of the 

non-dimensional axial coordinate y. Accordingly we get the 

following 

 

 

 

Where 𝑁2 = 𝑀2 +
1

𝐾
 

 

4. Rate of Volume Flow 
 

The instantaneous volume flow rate in the fixed frame of 

reference  𝑋 ,𝑌   is given by 

 

1

2

( ,

(

)

),

( , , )

t

t

H X

H X

Q U X Y t dY





 

 

 

    (24)  

We replace Eq.(12) in Eq.(24) to obtain 

 

Q=𝑞 + 𝑐 𝐻 1 𝑋 , 𝑡  − 𝐻 2 𝑋 , 𝑡   (25) 

 

Where in the wave frame, the expression for the volumetric 

flow rate (𝑞 ) at the following 

 

The time-mean flow over a period of time T (= 
𝜆

𝑐
) at fixed 

position x is defined as  

 
 

We replace Eq.(25) in to Eq.(27) and integrating, we get  

 
 

Now, from the Eqs.(1), (2) and Eq.(28) we get 

 
Let F be a dimensionless mean flows and 𝛩  is the 

dimensionless time-mean flows where 

 

By the Eqs.(17), (28), (29) and(30) and (𝑑 =
𝑑2

𝑑1
), we get 

 
Where 

 
Note thatℎ1 𝑥 andℎ2(𝑥)represent two non-dimensional 

quantities such that  

 

In which(𝑎 =
𝑏1

𝑑1
) and (𝑏 =

𝑏2

𝑑1
), and from there Eq.(3) takes 

the form of  

 
The Eqs.(10), (11) and by using Eqs.(12), (17), the boundary 

conditions for the dimensionless stream function and the 

temperature in the wave frame are  

 
 

5. Solution of the Temperature Equation 
 

Exact solution of the temperature Eq.(20) satisfying the 

boundary conditions (36) given by 

 
 

6. Perturbed System and Perturbation 

Solutions 
 

Although solution the Eq.(20) that depict the heat of a 

peristaltic motion of the fluid mass under consideration could 

be achieved, but has not been possible determination of a 

similar solution for Eq.(18).So we will find a solution by to 

one of the approximate numerical methods, which is the 

perturbation method to solve the momentum equation. We 

assume that the dimensionless quantities, the stream function 

(𝜓) and the flow rate (F) can be expanded in powers of 

𝛼(𝛼 ≪ 1) as follows: 

 
 

Compensation for Eq.(38) into Eq.(22) and Eq.(23) and 

boundary conditions (41) and then equating the like powers 

of (𝛼)we get: 

 

7. Perturbed Systems 
 

7.1 Zeroth- Order System 

 

 
With corresponding boundary conditions  
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7.2 First- Order System 

 

 

 

 −𝑁2 𝜕2𝜓1

𝜕𝑦2 +
𝜃

𝑘

𝜕2𝜓0

𝜕𝑦2 +
1

𝑘

𝜕𝜃

𝜕𝑦
 
𝜕𝜓0

𝜕𝑦
+ 1 = 0 (43) 

 

With corresponding boundary conditions 

 
 

8. Perturbation Solutions 
 

8.1 Zeroth- Order Solution 

 

The solution of Eq. (40) satisfying the boundary conditions 

(41) given by  

 
 

8.2 First- Order Solution 

 

By the zeroth-order solution Eq.(45) and the Eq.(43) and 

then solving the resulting system with the corresponding 

boundary conditions (44), we get  

 

 
Now by Eq.(39), (42) the pressure rise (∆p) per wavelength 

and the walls shear stress can be obtained by the formula  

  
And the shear stress on the two walls of the channel can be 

defined as follows: 

 
Where the symbols (Ʈrw ) and ( Ʈlw ) stand for the wall shear 

stress at the right and left side walls respectively. 

 

9. Numerical Results and Discussion 
 

In this paper, the graphical description of various parameters 

on flow of pseudoplastic nanofluids in the tapered 

asymmetric channel. Particularly the results of pressure 

gradient distribution, average pressure rise, axial velocity, 

temperature distribution, shear stress at the right side and the 

left side walls and stream function are recorded in terms of 

plots and then discussed physically. MATHEMATICAL 

software is used to find out numerical results and illustration. 

 

9.1. The Pressure gradient distribution  

 

In this paper, Figs.(2)-(5) shows the pressure gradient (
𝑑𝑝

𝑑𝑥
) 

for different values of the Hartman number (M), the velocity-

slip parameter (𝛽1), the thermal radiation parameter (Nr) and 

mean flow rate (Q) and the values of y and t are fixed at y = 

0.2 and t = 3. The Figs.(2) and (4) and (5) shows that 

increase in (M ) and (Nr) and (Q) results in the decrease of ( 
𝑑𝑝

𝑑𝑥
).While opposite behavior on Fig.(3) is observed with an 

increase in (𝛽1) led to (
𝑑𝑝

𝑑𝑥
) is increasing. 

 

 

Figure 2: Variation of pressure gradient 
𝐝𝐩

𝐝𝐱
with different 

values of𝑀 
 

 

Figure 3: Variation of pressure gradient 
𝐝𝐩

𝐝𝐱
with different 

values of𝛽1 
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Figure 4: Variation of pressure gradient
𝒅𝒑

𝒅𝒙
with different 

values of 𝑁𝑟 
 

 

 
Figure 5: Variation of pressure gradient

𝒅𝒑

𝒅𝒙
with different 

values of𝑄 
 

9.2 Pumping Characteristics  

 

Figs.(6)-(9) show the plots of average pressure rise (Δp) 

against mean flow rate (Q), for various physical parameters 

including the thermal radiation parameter (Nr) and Hartman 

number (M) and the Grashof number (Gr) and the heat 

source/sink parameter (𝛽) on the average pressure rise (Δp). 

It may be seen that all the plots in the figures are of 

rectilinear nature. In these plots, the upper left-hand 

Quadrant (I)(Q<0, Δp>0) represents the region of retrograde 

pumping region. Quadrant (II) (Q>0, Δp>0) there is no flow 

region. Quadrant (III) (Q>0, Δp<0) which Q>0 (positive 

pumping) and Δp<0 (favorable pressure gradient) is marked 

as the co-pumping region (or augmented flow).Quadrant 

(IV)(Q<0, Δp<0) represents peristaltic pumping. The 

pumping rate decreases with an increase in (Nr) (see Fig.(6)) 

in the co-pumping region (Q>0, Δp<0).Fig.(7)Graph shows 

that the pumping rate decrease in the co-pumping region 

(Q > 0,𝛥𝑝 < 0)with an increase in (𝑀). One can also 

observe in Fig.(8) that the pumping rate increased in the co-

pumping region with increasing in (Gr). Fig.(9) shows the 

impact of (𝛽) on average pressure rise (∆𝑝). We observed 

from the graph that in co-pumping region (Q > 0,𝛥𝑝 < 0), 

the pumping rate increase with enhances of (𝛽). 

 

 

Figure 6: Pressure rise ∆p versus time-averaged flow rate Q 

for𝑀 

 
Figure 7: Pressure rise ∆p versus time-averaged flow rate Q 

for 𝑁𝑟 

 
Figure 8: Pressure rise ∆p versus time-averaged flow rate Q 

for 𝐺𝑟 

 
Figure 9: Pressure rise ∆p versus time-averaged flow rate Q 

for 𝛽 

 

9.3 Velocity Profile 
 

To see the effects of a change in the values of the Grashof 

number (Gr), Hartmann number (𝑀), the thermal radiation 

parameter (Nr), mean flow rate (Q), and the Reynolds model 
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viscosity parameter (𝛼) on the velocity profile (u). For the 

sake of generality of the problem, the graphs are sketched in 

Figs.(10)-(14) at the fixed values of 𝑥 = 3 and 𝑡 = 0.3.The 

behavior of velocity profile is parabola as seen through 

figures. The velocity profile with the Grashof number (Gr) is 

plotted in Fig.(10). We observed from the graph if there is a 

gradual increase in (Gr), the velocity is gradually increases 

up to a certain point (point of inflexion which is (-0.58, 0.62) 

), after which the trend is reversed in this case when the 

value of (Gr) is increased, the velocity gradually decreases. 

In both the cases the magnitude of the velocity merges to a 

fixed value at the wall. The Fig.(11) gives an idea of the 

change in velocity distribution, Initially the velocity is 

decreases with increasing of Hart-mann number (M) up to a 

point which(-1.5, 0.46), Then the situation is reflected where 

the velocity distribution increasing with increasing of (M) 

after then gradually decreasing to other point (2.4, 0.48) the 

situation is reflected here too, after crossing the point of 

inflexion the magnitudes of the velocity converge to a 

particular value at the wall of the asymmetric channel 

boundaries. From Fig.(12) the axial velocity (𝑢) increases 

with an increase in the thermal radiation parameter (Nr) at 

the core part of the channel. However opposite behavior is 

observed near channel boundaries. We observed from 

Fig.(13) which depicts that the axial velocity (u) decreases 

with an increase in the mean flow rate parameter (Q) at the 

core part of the channel while we note that the magnitude of 

(u)is a matches exactly at the boundaries. We observed from 

Fig.(14) the velocity profile for the Reynolds model viscosity 

parameter (𝛼), Initially the velocity is increases with 

increasing of (𝛼) up to a point which (-0.75, 0.63), Then the 

situation is reflected where the velocity is decreasing with 

increasing of (𝛼) after then to other point (2.4, 0.6) the 

situation is reflected here. 

 
Figure 10: Axial velocity u versus𝑦-direction for different 

values Gr 

 
Figure 11: Axial velocity u versus y-direction for different 

values M 

 
Figure 12: Axial velocity u versus y-direction for different 

values Nr 

 

 
Figure 13: Axial velocity u versus y-direction for different 

values Q 

 
Figure 14: Axial velocity u versus y-direction for different 

values 𝛼 

 

 9.4. Temperature distribution 
 

The Figs.(15)-(18) are presents the change in the temperature 

distribution during the peristaltic motion of the fluid for the 

fixed values of 𝑥 = 0.2 and 𝑡 = 0.3. Fig.(15) shows that 

temperature rises, as the value of the heat source/sink 

parameter (β) increases, while the Fig.(16) is indicate an 

opposite trend, when increasing of the thermal radiation 

parameter (Nr) we note that the magnitude of temperature 

decreases. This figure reveals that the temperature profile is 

greatly affected by thermal radiation. We observed from 

Fig.(17) shows that the phase difference (𝜙) does have an 

appreciable impact on the temperature distribution and that 

thermal boundary layer decreases with increase in phase 

difference and we can note that the initial point is gradually 

shifted towards the central region of the channel with a rise 

in the phase difference. Fig.(18) it is seen that the 

temperature distribution enhances with an increase in (𝑚). 
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Figure 15: Temperature distribution𝜃 for different values 𝛽 

 
Figure 16: Temperature distribution𝜃 for different values 𝑁𝑟 

 
Figure 17: Temperature distribution𝜃 for different values 𝛟 

 
Figure 18: Temperature distribution𝜃 for different values m 

 

9.5. Wall shear stress  

 

The variation of wall shear stress (Ʈ) versus Grashof number 

(Gr) on both the right and left walls of the asymmetric 

channel. The Fig.(19) shows that decrease of the shear stress 

for right wall (Ʈ𝑙𝑤 ) with increasing of Hartmann number (M 

), but the opposite in Fig. (20) which shows that (Ʈ𝑙𝑤 ) 

increasing with increase in the slip velocity (𝛽1). Fig.(21) 

shows that increase shear stress (Ʈ𝑢𝑤 ) on the left wall with 

enhance Hartmann number (M ), but the opposite in Fig. (22) 

with slip velocity (𝛽1). 

 
Figure 19: Variation of shear stressƮ𝑟𝑤  for different values 

of M 

 

 
Figure 20: Variation of shear stressƮ𝑟𝑤  for different values 

of 𝛽1 

 
Figure 21: Variation of shear stressƮ𝑙𝑤  for different values 

of M 

 
Figure 22: Variation of shear stressƮ𝑙𝑤  for different values 

of 𝛽1 

 

10. Trapping 
 

The trapping is an interesting phenomenon in peristalsis. The 

shape of streamlines is similar to the wave shape traveling 
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across the channel walls. These streamlines split and enclose 

a bolus that moves along with the wave. The Figs.(23)-(29) 

at fixed values of 𝑡 = 0.3 indicate the behavior of parameters 

(M, Gr, Nr, Q, 𝜙, 𝛼, 𝛽1) in the stream function. Fig.(23) 

shows that the size of trapped bolus is decreases with an 

increase Hartmann number (M).From Fig.(24) we observe 

the difference in the values of the Grashof number (Gr), 

which have a slight effect on a stream function. Fig.(25) is 

plotted to study the behavior of the thermal radiation 

parameter (Nr), this figure shows that the size of bolus is no 

effected on stream function. The effect of the mean flow rate 

(Q) on the streamlines is observed in Fig.(26).We found that 

with the ascending values of (Q), the trapping bolus 

increases in size. We observed from Fig.(27) shows that the 

size of the trapped bolus gradually decreases, when the phase 

difference (𝜙) increases. Figs.(28), (29) are illustrated the 

impact of Reynolds model viscosity (𝛼) and the velocity-slip 

parameter (𝛽1) which shows that whenever (𝛼) and (𝛽1) 

increases, the size of the bolus decreases. 

 

 
(a) 

 

 
(b) 

Figure 23: Streamlines for𝛷 = 𝜋 4  , 𝑎 = 0.4, 𝑏 = 0.5,𝛼 =
0.05,𝑄 = 0.5,𝛽 = 1,𝛽1 = 0.5,𝐺𝑟 = 2,𝑑 = 1,𝑁𝑟 = 1,𝑚 =
0.1, 𝑘 = 0.2, 𝑡 = 0.3andfor different 𝑀:(a)𝑀 = 1, (b)𝑀 =

1.5. 

 
(a) 

 

 
(b) 

Figure 24: Streamlines for 𝛷 = 𝜋 4 , 𝑎 = 0.4, 𝑏 = 0.5,𝛼 =
0.05,𝑄 = 0.5,𝛽 = 1,𝛽1 = 0.5,𝑑 = 1,𝑁𝑟 = 1,𝑚 =

0.1,𝑀 = 4, 𝑘 = 0.2, 𝑡 = 0.3 and for different 𝐺𝑟:(a)𝐺𝑟 = 1, 

(b)𝐺𝑟 = 4. 
 

 
(a) 
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(b) 

Figure 25: Streamlines for𝛷 = 𝜋 2 , 𝑎 = 0.4, 𝑏 = 0.5,𝛼 =
0.05,𝑄 = 0.5,𝛽 = 1,𝛽1 = 0.5,𝐺𝑟 = 2,𝑑 = 1,𝑚 =

0.1,𝑀 = 4, 𝑘 = 0.2, 𝑡 = 0.3and for different 𝑁𝑟:(a)𝑁𝑟 = 1, 

(b)𝑁𝑟 = 3. 
 

 
(a) 

 
(b) 

Figure 26: Streamlines for𝛷 = 𝜋 2 , 𝑎 = 0.4, 𝑏 = 0.5,𝛼 =
0.05,𝛽 = 1,𝛽1 = 0.5,𝐺𝑟 = 2,𝑑 = 1,𝑁𝑟 = 1,𝑚 = 0.1,𝑀 =

4, 𝑘 = 0.2, 𝑡 = 0.3and for different𝑄:(a)𝑄 = 0.2, (b)𝑄 =
0.5. 

 

 

 
(a) 

 

 
(b) 

Figure 27: Streamlines for𝑎 = 0.4, 𝑏 = 0.5,𝛼 = 0.05,𝑄 =
0.5,𝛽 = 1,𝛽1 = 0.5,𝐺𝑟 = 2,𝑑 = 1,𝑁𝑟 = 1,𝑚 = 0.1,𝑀 =
4, 𝑘 = 0.2, 𝑡 = 0.3 and for different 𝛷:(a)𝛷 = 𝜋 4 , (b)𝛷 =

𝜋 2 . 

 

(a) 
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(b) 

Figure 28: Streamlines for𝛷 = 𝜋 4 , 𝑎 = 0.4, 𝑏 = 0.5,𝑄 =
0.5,𝛽 = 1,𝛽1 = 0.5,𝐺𝑟 = 2,𝑑 = 1,𝑁𝑟 = 1,𝑚 = 0.1,𝑀 =

4, 𝑘 = 0.2, 𝑡 = 0.3and for different𝛷:(a)𝛼 = 0.2, (b)𝛼 = 0.5. 

 
(a) 

 
(b) 

Figure 29: Streamlines for𝛷 = 𝜋 4 , 𝑎 = 0.4, 𝑏 = 0.5,𝛼 =
0.05,𝑄 = 0.5,𝛽 = 1,𝐺𝑟 = 2,𝑑 = 1,𝑁𝑟 = 1,𝑚 = 0.1,𝑀 =
4, 𝑘 = 0.2, 𝑡 = 0.3and for different 𝛽1: (a) 𝛽1 = 0.5(b)𝛽1 =

1.5. 
 

 

 

 

11. Conclusions  
 

 In this chapter we study a mathematical model of the 

peristaltic transport and analyzed in the tapered asymmetric 

channel with the influence of velocity-slip on (MHD) 

peristaltic flow through a porous medium with heat transfer 

is investigated and the influence of fluid temperature on 

viscosity. Analytical solutions for the effects of Hartmann 

number (M), the Grashof number (Gr), the thermal radiation 

parameter (Nr), the mean flow rate (Q), Reynolds model 

viscosity (𝛼), the phase difference (𝜙), the heat source/sink 

parameter (𝛽) and the velocity-slip parameter (𝛽1) have been 

for find the stream function. From the study, we can draw the 

following conclusions: 

 

 The Pressure gradient distribution is decrease by 

increasing of (M), (Nr) and (𝑄). While opposite is 

increasing with an increase in (𝛽1). 

 It has been found that the average rise in pressure ∆𝑝 

increases with the increase of (𝐺𝑟) and (𝛽) while it 

decreases by increasing (𝑁𝑟) and (𝑀). 

 The profiles of axial velocity 𝑢 take parabolic shape for it 

is curves.  

 The velocity profile is gradually decreases with gradually 

increases of (Gr) and (𝛼) up to a certain point Then the 

opposite happens in the direction. 

 the velocity distribution increasing with increase of (M), 

(Nr) at the core part of the channel, While the opposite 

occurs with the increase in (Q) the velocity is decreasing. 

 The temperature distribution during the peristaltic motion 

of the fluid where the temperature increases with increase 

of (β) and (m), While the opposite occurs with the 

increase in (Nr) and (𝜙) the temperature (𝜃) is 

decreasing. 

 The shear stress is decrease of lower wall with increasing 

of (M), but the opposite increasing with increase 

(𝛽1).And reverse the two cases for a shear stress of upper 

wall. 

 The trapping bolus increases with increases of (Q) and 

(𝛼), while it has decrease with increases of (M), (𝜙) and 

(𝛽1). 

 The difference in the values of (Gr) and (Nr) are both it 

had a very light effect that barely showed up on a stream 

function. 
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