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Abstract 
 
In this paper, the effect of porous medium and magnetic field on peristaltic transport of a 
Jeffrey fluid in an asymmetric channel is studied. The fluid is electrically conducting by a 
transverse magnetic field. The channel asymmetry is produced by choosing the peristaltic 
wave train on the walls to have different amplitudes and phase. The flow is investigated in 
a wave frame of reference moving with the velocity of the wave under the assumptions of 
long wavelength and low Reynolds number. The expressions for stream function is 
obtained by using Adomian decomposition method. The axial pressure gradient have been 
obtained. The effects of various emerging parameters on the flow characteristics are shown 
and discussed with the help of graphs. When ∞ our result is in agreement with 
previous investigations 
 
Keywords: Jeffrey fluid; Magnetic Field; Peristalsis; Free pumping; Time mean flow; 
Wave forms.  
 
1. Introduction 
 
Peristaltic pumping has been the object of scientific and engineering  research in  recent  
years.  The  word  peristaltic  comes  from a Greek  word  ''Peristaltikos'' which  means   
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clasping  and  compressing.  The phenomenon  of  peristalsis  is defined  as  expansion  
and  contraction of  an extensible  tube in a fluid generate progressive waves which  
propagate along the  length  of  the tube,  mixing  and transporting the fluid in the direction 
of wave  propagation . It is an  inherent property of many  tubular  organs of  the human  
body.  It plays an  indispensable  role  in transporting  many physico- ological  fluids in the 
body in various  situations  such as urine transport from the kidney to the  bladder  through  
the  ureter , vasomotion  of small blood vessels, as well as mixing and transporting the 
contents of the gastrointestinal passage, the transport of the spermatozoa in cervical canal, 
transport of bile in the bile duct, transport of cilia.  M. Abd-Alla and Mahmoud [1] solved 
magneto-thermoelastic problem in rotating non-homogeneous orthotropic hollow 
cylindrical under the hyperbolic heat conduction model.  Influences of Rotation, Magnetic 
Field, Initial Stress and Gravity on Rayleigh Waves in a Homogeneous Orthotropic Elastic 
Half-Space is investigated by Abd-Alla et al. [2-3].  Burns and  Parkes [6] studied  the  
peristaltic motion  of a viscous  fluid  through a pipe and a channel by considering 
sinusoidal  variations at the walls.  Peristaltic  flow of  a second  order  fluid  in  tubes  
studied  by Siddiqui and Schwarz [12].   Ramachandra and Usha  [11]  have  investigated 
peristaltic   transport of  two  immiscible  viscous  fluids  in  a  circular  tube . A porous  
medium is a matter  which  contains a number of small holes distributed throughout  the  
matter .   Flows through  porous medium occur in filtration  of  fluids and  seepage  of  
water  in  river  beds  .   Movement  of underground , water  and oils are some  important  
examples of  flows through porous  medium .  An oil  reservoir mostly contains of 
sedimentary formation such as limestone and  sandstone in which oil is entrapped .  
Another example of  flow through  porous  medium  is  the  seepage under a dam which is 
very important. There are examples of  natural porous medium such as beach sand , rye 
bread. The physics of flow  through a  porous  media discussed by Scheidgger [12]. 
Interaction  of  peristaltic  flow  with pulsatile magneto-fluid through a porous medium and 
aspects  of  a magneto-fluid  with  suspended particles analysed by Afifi et al [4,5]. 
Srinivas and Gayathri [14] have studied peristaltic transport of a Newtonian fluid in a 
vertical  asymmetric  channel  with  heat  transfer  and  porous medium . Kothandapani and 
Srinivas [10] Peristaltic transport of a Jeffrey fluid under the effect of magnetic field in an 
asymmetric channel. Elshehaway [7]  has studied peristaltic transport in an asymmetric 
channel through a porous medium. Influence of partial slip on the peristaltic flow in a 
porous medium and a mathematical model of peristalsis in tubes through a porous medium 
investigated  by Hayat, et al [8,9].  
 

 
 
 
 
 
 
 
 
 
 
 

Fig. (1). Geometry of peristaltic motion on asymmetric channel through porous medium. 
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2. Formulation of the problem  
 
Consider an incompressible Jeffrey fluid confined in a two- dimensional infinite 
asymmetric channel through a porous medium. We employ a rectangular coordinate 
system with parallel and normal to the channel walls. The asymmetry in the channel is 
induced by assuming the peristaltic wave train on the walls to have different amplitudes 
and phases due to the variation of channel width Fig. (1). 
The shape of the asymmetric channel walls are : 

, cos
2

                upper wall,                                 1  

, cos      lower wall,                                  2   

Here  and  are the amplitudes of the waves ,  is the wavelength,  is the width 
of channel and 0,  is the phase difference, note that  0 corresponds to 
asymmetric channel with waves out of phase and  describes the case where waves 
are in phase . Moreover , , ,  and  satisfy the following condition: 

2 cos  .                                                         3  
The constitutive equations for an incompressible Jeffrey fluid are: 

 ,                                                                                                   4  

1  ,                                                                                      5  

where   and   Cauchy stress tensor and extra stress tensor, respectively,  is the 
pressure,  is the identity tensor,  is dynamic viscosity,  is the ratio of relaxation to 
retardation times,  is the retardation time,  is the shear rate and dots over the quantities 
indicate differentiation with respect to time. 
In laboratory frame, the equations governing two-dimensional motion of an incompressible 
MHD Jeffrey fluid through a porous medium: 

0 ,                                                                                                                6  

 , 7  

 ,                          8  

where ,  are the velocity components in the laboratory frame ( , ),  is the density,  
is the pressure and   is the electrical conductivity of the fluid,  is a constant of magnetic 
field,   is the kinematic viscosity,  is the permeability of the porous medium and we 
get: 

1 1  ,                                                         9  

2
1 1  ,                                              10  

2
1 1  ,                                              11  
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1 1 .                               12  

We shall carry out this investigation in a coordinate system moving with the wave speed , 
in which the boundary shape is stationary.  The coordinates and velocities in the laboratory 
frame ( , ) , and  the  wave frame ( , ), are related by: 

 – c ,  , , , , ,                       13  
where  ,  are the velocity components in the wave frame ( , ),  is pressures  and   
fixed frame of  references. We introduce the following  non-dimensional variables and 
parameters for the flow: 

2
 ,  ,  ,  ,

2
 ,

2
 , 

2
 ,  ,  ,    ,                        14  

 ,   ,  ,     ,  , . 

Re is the Reynolds number, δ is the dimensionless wave number,  is the magnetic 
parameter (Hartman number). Using non-dimensional variables and parameters in Eqs.(6) - 
(8) we get:  

 0,                                                                                             15  

1
,                 16  

.                     17  

Introducing the stream function  as:  
, , , .                                                            18  

We can write  (15) - (17) as: 

0,                                                                                19  

1
,     20  

.        21  

Eliminating pressure from (20) and (21) by cross differentiation, get: 

 

1
 ,               22  

where:               , 
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2
1 1 , 

1
1 1 , 

2
1 1 . 

 
Using the long wavelength ( 1) and low Reynolds number in Eqs.( 19) and (22) and 
neglecting  and higher power, we obtain : 

1
1 0,                                                                 23  

Where:  
 
 
3. Rate of volume flow 
 
The dimensional rate of fluid flow in the fixed frame  ,  is : 

, ,    
,

,
 .                                                                            24  

In wave frame , , Eq. (3.3.1) reduces to 

,  ,                                                                                       25  

    .                                                             26  

By Eq.(13), the above rates are related in the following expression. 
.                                                                                           27  

The time-mean flow  over a period T= ⁄  of the peristaltic wave is defined as:  

Θ
1
T Q d

1
T d q 1 d.                           28  

Holds. The dimensionless boundary conditions in wave frame are: 

2  ,           1          ,                                                29  

2  ,        1        .                                                  30  

Here it is pointed out that the condition on  satisfy Eq.(26) and condition on   are no-
slip. And the dimensionless surface of the  peristaltic walls are  

1 cos cos ,                                    31  
where  is the flux in the wave frame  and , ,  and d satisfy the relation: 

2 cos 1 .                                                                     32  
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4. Method of solution 
 
Using Adomian decomposition method and adopting the similar procedure. The solution of 
the momentum equation straight forward (23) can be written as: 

 ,                                                                                             33  

where  Since L is a fourth –order differential operator,  is a fourth-fold 
integration operator defined by: 

. . .                                                                 34  

Operating with , Eq.(33) 

2! 3! .                                          35  
In which the function can be determined by utilizing the boundary conditions (29) and 
(30). By the standard Adomian decomposition method, one can write : 

∞

 ,                                                                                                        36  

where the components ,  0, will be determined recursively. From Eqs. (3.4.3) and 
(3.4.4), we obtain the following recursive relation: 

2! 3! ,                                                                    37  

   , 0 .                                                             38  

whence:    
! !

,     
! !

,  

2 2 ! 2 3 ! . 

Through Eq.(36),the expression for is easily seen to have the form: 

cosh 1
sinh

.       39  

Which may by simplified as [ 15]: 
cosh sinh ,                                       40  

where: 1 . 
And the values of -  can be found by using the boundary conditions (29) and (30) and 

are given by :                                    , 

tanh 2

2 tanh 2

, 
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sech 2 sinh 2

2 tanh 2

, 

sech 2 cosh 2

2 tanh 2

. 

The pressure gradient is obtained from the dimensionless momentum equation for the axial 
velocity :   .                                                                             41  
Substituting for   from Eq.(40) into Eq.(41): 

1
1 2 tanh 2

.                               42  

Then we will found :  

1

sech 2

2 tanh 2

sinh 2 cosh

cosh 2 sinh .                                                        43  

The non-dimensional pressure rise per wavelength Δ : 

Δ  .                                                                                                          44  

 
 
5 Results and discussion 
 
To study the effects of permeability of the porous medium , magnetic parameter , 
Material parameter ( ), meanflux ( ) and phase difference ( ) on the plots. Fig.(2) shows 
that influence of the mean flow rate ( ) on the axial velocity,. it increase with the 
increasing of . It can be observed that the increasing of 0.7 and material parameter  

 act as an increasing resistant against the flow in the central part of the channel. Fig (3) 
shows the distributions of the pressure gradient within a wavelength for various values of 

. The effects of magnetic parameter  on the pressure gradient ( dp/dx) with in a 
wavelength  0, 2 .  It is noticed that magnetic parameter and porous permeability 
increases the maximum amplitude of ( dp/dx ) when compared to the case of with zero 
magnetic parameter and 0.1. Fig.(4) shows the graph of pressure rise versus  in 
asymmetric channel. The effects of phase difference  on Δ  it is noted that an increase 
in  and increase  results in decrease in the peristaltic pumping rate, free pumping 
(Δ 0) and the adverse pressure gradient (Δ > 0). Fig.(5) shows the variation of Δ  
with flow rate  for values of  for symmetric channel. We observe that the peristaltic  
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pumping rate increases with increase of  and increasing 0.7. The phenomenon of 
trapping is another interesting topic in peristaltic transport. The formation of an internally 
circulating bolus of the fluid by closed streamlines is called trapping and this trapped bolus 
pushed ahead along the peristaltic wave.  Fig.(6) shows the axial shear stress distribution 

 on the upper wall of an asymmetric channel for different values of . We notice that 
stress is in oscillatory behavior, which may be due to peristalsis. The absolute value of 
stress increases with increasing  and  . 
 
 
 
 

 
 
 
 
 
 
 
 
 
 

 
 
 
 
 

 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 

Fig.(2): Show the axial velocity distributions for 

0.3, 0.4, 1.1, 4, 0.5 and 

3⁄ . 

Fig.(5): Show the Graph of pressure rise 

versus  in symmetric channels for 0.3,

0.3, 1,  and 0.5. 

Fig(4): Show the Graph of pressure rise 

versus  in asymmetric channels for 

0.3, 0.4, 1.1,  4.0 

Fig (3): Show the distributions of the pressure gradient 

within a wavelength for various values of , 0.5,

0.6, 1.5, 3⁄ , Θ 2 and  0.5.
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6. Conclusion 
 
The influence of applied magnetic field on the peristaltic flow of a Jeffrey fluid in 
asymmetric channel has been analyzed. The analytical expressions are constructed for the 
stream function and pressure gradient. Numerical in vestigation is used to analyze the 
pumping characteristics. The main findings can be summarized as:  The axial velocity for 
the MHD fluid is less when compared with hydrodynamic fluid in the central part of the 
channel. The magnitude of dp/dx increases with increasing , b and |  |. The size of 
trapped bolus is smaller in Jeffrey fluid when compared with that of Newtonian fluid 
( 0). The magnitude of stress at the upper wall in asymmetric channel is greater than 
in an asymmetric channel. 
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