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Abstract 
The present paper investigates the peristaltic motion with porous medium though coaxial vertical channel: 

A theoretical study. A perturbation method of solution is obtained in terms of wall slope parameter and closed form 
of expressions has been derived for axial velocity pressure gradient and pressure rise. The effects of various physical 
parameters on axial velocity pressure gradient and pressure rise have been computed numerically. It is noted axial 

velocity increases with increases in Porous parameter (D) for the two cases 
��
�� = - 0.5, 

��
�� = -1 and also we noted that 

pressure rise decreases with increase in Porous parameter (D) and phase shipt (θ). 
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I. Introduction 
The term peristalsis is used for the mechanism 

by which a fluid can be transported through a distensible 
tube when progressive waves of area contraction and 
expansion propagate along its length. In physiology, 
peristalsis is an important mechanism for transport of 
fluid and is used by the body to propel or mix the 
contents of a tube as in ureter, gastrointestinal tract, bile 
duct and other glandular ducts. Some biomedical 
instruments, like the blood pumps in dialysis and the 
heart lung machine use this principle. The mechanism of 
peristaltic transport has been exploited for industrial 
applications like sanitary fluid transport, transport of 
corrosive fluids where the contact of the fluid with the 
machinery parts is prohibited and transport of a toxic 
liquid is used in nuclear industry to avoid contamination 
from the outside environment. The problem of the 
mechanism of peristaltic transport has attracted the 
attention of many investigators since the first 
investigation of Latham [1]. The fundamental studies on 
peristalsis were performed by Fung and Yih [2] using 
laboratory frame of reference and then by Shapiro et al. 
[3] using wave frame of reference. After these studies, 
several analytical, numerical, and experimental attempts 
have been made to understand peristaltic action in 
different situations for Newtonian and non-Newtonian 
fluids. Some of these studies have been done by Brown 
and Hung [4] , Takabatake and Ayukawa [5 and 6] , 

Srivastava et al [7,8,9 and 10], Siddiqui and Schwarz 
[11], Ramachandra and Usha [12], Elshehawey and Sobh 
[13],  Abd El Naby et al. [14], Hayat et al.[15,16].  Gupta 
[17] discussed the Rayleigh–Taylor instability of a 
viscous electrically conducting fluid in the presence of a 
horizontal magnetic field. Abd-Alla et al. [18] discussed 
effect of the rotation on waves in a cylindrical borehole 
filled with micropolar fluid. Renardy [19] studied current 
issues in non- Newtonian flow. Srinivasacharya et al. 
[20] investigated the peristaltic pumping of a micro polar 
fluid in a tube Selverov and Stone [21] investigated the 
peristaltically driven channel flows with applications 
toward micro mixing. Mekheimer [22] investigated the 
peristaltic transport of a couple stress fluid in a uniform 
and non-uniform channels. Xiao and Damodaran [23] 
have presented a numerical of peristaltic waves in 
circular tubes. Afifi et al. [24] have discussed effect of 
magnetic field and wall properties on peristaltic motion 
of micro polar fluid in circular cylindrical tubes Ali et al. 
[25] described the peristaltic flow of a couple stress fluid 
in an asymmetric channel. Muthu et al. [26] have 
analyzed the peristaltic motion of micro polar fluid in 
circular cylindrical tubes with elastic wall properties then 
extended their analysis to axisymmetric tube for small 
values of amplitude ratio using a regular perturbation 
method. Abd Elnaby and Haroun [27] studied a new 
model for study the effect of wall properties on 



[Kumar, 3(1): January, 2014]   ISSN: 2277-9655 
   Impact Factor: 1.852
   

http: // www.ijesrt.com(C)International Journal of Engineering Sciences & Research Technology 
[314-323] 

 

peristaltic transport of a viscous fluid. Haroun [28] 
investigated the effect of Deborah number and phase 
difference on peristaltic transport of a third-order fluid in 
an asymmetric channel. 

A porous medium is the matter which contains a 
number of small holes distributed throughout the matter. 
Flows through a porous medium occur in filtration of 
fluids. Afifi and Gad [29] have presented interaction of 
peristaltic flow with pulsatile magneto-fluid through a 
porous medium. Eringen [30]. Mahmoud [31] discussed 
effect of rotation and magnetic field through porous 
medium on Peristaltic transport of a Jeffrey fluid in tube. 
Mahmoud et al. [32] presented effect of the rotation on 
wave motion through cylindrical bore in a micro polar 
porous cubic crystal, and effect of the rotation on plane 
vibrations in a transversely isotropic infinite hollow 
cylinder. Mahmoud et al. [33] have studied effect of 
porous media and magnetic field on peristaltic transport 
of a Jeffrey fluid in an asymmetric channel. Influence of 
a magnetic field on heat and mass transfer by natural 
convection from vertical surfaces in porous media 
considering Soret and Dufour effects is studied by 
Postelnicu [34].  The peristaltic fluid flow through 
channels with flexible walls has been studied by Ravi 
Kumar et al [35 -38 ]. Vajravelu et al. [39] discussed the 
peristaltic flow and heat transfer in a vertical porous 
annulus, with long wave approximation.  The fluid 
motion through a porous medium has been studied by 
many authors: Varshney [40], Raptis et al. [41], Raptis 
and Peridikis [42], and El-Dabe and El-Mohandis [43]. 
Habtu alemaychu and Radhakrishnamacharya [44] 
dispersion of a Solute in Peristaltic Motion of a couple 
stress fluid through a porous medium with slip condition. 
Studied Peristaltic Transport of a Couple Stress fluid In a 
Uniform and Non-Uniform Annulus by Rathod and Asha 
[45]. 
 

II. Mathematical Formulation and Solution 
Consider the unsteady hydromagnetic flow of a 

viscous, incompressible and electrically conducting 
couple-stress fluid through a two-dimensional channel of 
non- uniform thickness with a sinusoidal wave travelling 
down its wall. The plates of the channel are assumed to 
be electrically insulated. We choose a rectangular 
coordinate system for the channel with x along centerline 
in the direction of wave propagation and y transverse to 
it.  
The geometry of the wall surface is defined as  

����, 	
 =  � + �� ��� ��
� �� − �	
    (1)                                                                   

����, 	
 =  −� − �� ��� ��
� ��� − �	
 + �
                                                                 

(2) 
Where ��, ��amplitudes of the waves, a0 + a1 are is the 
width of the channel � is the wave length, �  is the phase 

differences  �0 ≤ � ≤ �
 , c is the propagation velocity 
and t is the time. 
The constitutive equations and equations of motion for a 
couple stress fluid are 

�� ,� + ! " =  ! #$%
#&          (3) 

' �( + ��() + *� ,� + !� = 0 (4) 
+ � =  −,′ + 2. / � (5) 
. � = 412�, + 1′2�,              (6) 
Where "   is the body force vector per unit mass, �  is the 
body moment per unit mass,3   is the velocity vector, + �  
and  ��() are the symmetric and antisymmetric parts of the 
stress tensor  ��( respectively, * � is the couple stress 
tensor,  . � is the deviatory part of  * � ,  2  is the 
vorticity vector ,  / � is the symmetric part of the velocity 
gradient ,  1  and 1′ are constants associated with the 
couple stress ,  ,′ is the pressure, and the other terms 
have their usual meaning from tensor analysis 
We introduce a wave frame of reference (x, y) moving 
with velocity c in which the motion becomes 
independent of time when the channel length is an 
integral multiple of the wavelength and the pressure 
difference at the ends of the channel is a constant 
(Shapiro et al., (1969)). The transformation from the 
fixed frame of reference (X,Y) to the wave frame of 
reference (x, y)  is given by  
x = X-ct, y = Y, u = U-c, v = V and p(x) = P(X, t) 
where (u, v) and (U, V) are the velocity components, p 
and P are pressures in the wave and fixed frames of 
reference, respectively. 
The equations governing the flow in wave frame of 
reference are given by #4
#� + #$

#5 = 0                         (7)                                                 

ρ 678
79 + u 78

7; + v 78
7=> = − 7?

7; + µ 67@8
7;@ + 7@8

7=@> − 6 µ(A> Bu + cD                   
(8) 

ρ 67E
79 + u 7E

7; + v 7E
7=> = − 7?

7= + µ 67@E
7;@ + 7@E

7=@> − 6 µ(A> v                              

(9) 
u and v are the velocity components in the corresponding 
coordinates  p is the fluid pressure, is the density of 

the fluid,  is the coefficient of the viscosity,  k1 is the 

permeability of the porous medium and k is the thermal 
conductivity. Proceeding with the analysis, we introduce 
the following dimensionless parameters: 

   x∗ = ;
λ
       y∗ = =

IJ    u∗ = 8
K    v∗ = λE

IJK   p∗ = IJ@?
λµK      

t∗ = K9
λ
 ,/ = NA

NJ Re =  ρK IJ
µ

      δ = IJ
λ

  h�∗ = RA
IJ = 1 +

ϕ� Cos 2πx, 

 h�∗ = R@
IJ = −d − ϕ�Cos �2πx + �
 , ϕ� = XA

IJ, ϕ� = X@
IJ 

ρ
µ
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Where Y , Z  ,  [ , Re designate the wave number, ratio of 
half width of channels, amplitude ratio, Reynolds 
number  respectively. Utilizing the long wavelength and 
low Reynolds number approximation in Equations (7) - 
(9), we obtain: 
78
7; + 7E

7= = 0                                (10) 

Reδ\u9 + u u; + vu=] = 6− 7?
7; + δ�u;; + u== − ^�

_` u −
�
_>                  (11) 

Reδa\v9 + u v; + vv=] = 6− 7?
7= + δbv;; + δ�v== − �

_ δ
�v>                      

(12) 
Using long wavelength (i.e.,Y << 1) and negligible 
inertia (i.e.,d' → 0) approximations,  
we have 
7@8
7=@ − ^�

_` u − �
_ = − 7?

7;                   (13) 
#�
#5 = 0 (14) 

With dimensionless boundary conditions 
u = -1  at   y = ℎ�,    u = -1    at y = ℎ� (15) 
#@4
#5@ = 0  at   y = ℎ�,   

#@4
#5@ = 0  at  y = ℎ�                                       

(16) 
Solving equation (13) using the boundary conditions (15 
and 16), we get g = Bh − 1Di�jklℎ Bm�nD + Bh − 1Di����ℎ Bm�nD − h                
(17)      

Wherem� = o�
p       

i� = \qrst BuAtADvqrst BuAt@D]
\w xt BuAtAD qrst BuAt@Dvw xt BuAt@D qrst BuAtAD] 

i� = \w xt BuAtADvw xt BuAt@D]
\w xt BuAtAD qrst BuAt@Dvw xt BuAt@D qrst BuAtAD]      

h = y1 + z{
z|} ~      � = �

p 

The rate of volume flow ‘q’ through each section is a 
constant (independent of both x and t).It is given by 

� = � g /nt@

tA
 

Bh − 1Dia + Bh − 1Dib − hBℎ� − ℎ�D  (18) 
Where  

ia = i�m� 6\���ℎ Bm�ℎ�D − ���ℎ Bm�ℎ�D]> 
ib = i�m� 6\jklℎ Bm�ℎ�D − jklℎ Bm�ℎ�D]> 

Hence the flux at any axial station in the fixed frame is 
found to be given by 

� = � �g + 1
/n = � + �ℎ� − ℎ�
t@tA   (19) 

Averaging volume flow rate along one time period, we 
have 

�� = � �/	 = � + 1 + /�
�     (20) 

The pressure gradient obtained from equation (18) can be 
expressed as          
��
�� = � 6��v�����t@vtA


�����v�t@vtA
>                (21)     

The pressure rise ∆� (at the wall) in the channel of length 
L, non-dimensional form is given by 

∆�= � ^��
��`�

� /� =� ^} ���v���
��t@vtA

���v��
v�t@vtA
 `�

� /� 

Results and discussion 
In this paper we investigate the peristaltic motion with 
porous medium though coaxial vertical channel: A 
theoretical study, we have presented the graphical results 

of the solutions axial velocity u pressure gradient 
��
��  and 

pressure rise ∆p.  
The axial velocity is shown in the figures (1) to (8) for 
different values of porous medium (D) with the phase 
shipt � = 0and � = �

b The axial velocity distribution (u) 

with porous medium (D) as depicted in figures (1) to (4) 
for the phase shipt � = 0. We notice that the axial 
velocity increases with increase in Porous parameter (D) 

for all the two cases 
��
�� = −0.5. , 

��
�� = −1.It is 

interesting to note that the opposite behaviour observed 

for 
��
�� = 0.5 ,  

��
�� = 1  as shown in Figures (3) and 

(4).Figures (5) to (8) reveal the velocity distribution with 
porous medium (D) for the phase shipt � = �

b. It is 

interested to note that the maximum velocity increases 
with increase in Porous parameter (D) even though for 

phase shipt � = �
b  for all the two cases  

��
�� = −0.5,  

��
�� = −1. However, opposite effects are noticed for  
��
�� = 0.5 ,  

��
�� = 1  as shown in Figures (7) and (8).  

Figures (9) - (11) illustrate the variations of 
��
�� for a 

given wavelength versus x, where� ∈ B0,1D. Figure (9) 

reveals that by increasing��,  
��
�� increases in part of the 

channel � ∈ B0.3,0.5D and decreases in the part of the 
channel� ∈ B0,0.3D ∪ B0.5,1D. Figure (10) indicates that 

the effect of D on   
��
�� is quite opposite of �� . Figure (11) 

reveals by increasing 
��
��increases in the part of the 

channel  � ∈ B0.22,0.58D while in the part of the 
channel� ∈ B0,0.22D ∪ B0.58,1D there is no noticeable 
effect. Figure (12) reveals the pressure rise decreases 
with increase in porous parameter. From figure (13), we 
notice that the pressure rise decreases with increases in 
phase shipt � 
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Figure (1): The variation of u with y for different values of with 

��
�� = -0.5, � = �,�� = �. �, �� = �. �, x = 0.25, d= 2. 

 
Figure (2): The variation of u with y for different values of with 

��
�� = -1, � = �,�� = �. �, �� = �. �, x = 0.25, d= 2. 

 
Figure (3): The variation of u with y for different values of with 

��
�� = 0.5, � = �,�� = �. �, �� = �. �, x = 0.25, d= 2. 
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Figure (4): The variation of u with y for different values of with 

��
�� = 1, � = �,�� = �. �, �� = �. �, x = 0.25, d= 2. 

 
Figure (5): The variation of u with y for different values of with 

��
�� = -0.5, � = �

�,�� = �. �, �� = �. �, x = 0.25, d= 2. 

 
Figure (6): The variation of u with y for different values of with 

��
�� = -1, � = �

�,�� = �. �, �� = �. �, x = 0.25, d= 2. 
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Figure (7): The variation of u with y for different values of with 

��
�� = 0.5, = �

� , 

�� = �. �, �� = �. �, x = 0.25, d= 2. 

 
Figure (8): The variation of u with y for different values of with 

��
�� = 1, � = �

�,�� = �. �, �� = �. �, x = 0.25, d= 2. 

 
 

Figure (9): Pressure gradient versus x for � = �
�,�� = �. �, �� = �. �, d= 2, D = 0.1 
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Figure (10): Pressure gradient versus x for� = �
�,�� = �. �, �� = �. �, d= 2,  � = � 

 

 
 

Figure (11): Pressure gradient versus x for�� = �. �, �� = �. �, d= 2,  � = �, D = 0.1 

 
 

Figure (12). ∆¡ With  �  when �� = �. �,�� = �. � , x = 0.25, d= 2, � = �
� 
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Figure (13). ∆¡ With  �  when D = 0.1, �� = �. �,�� = �. � , x = 0.25, d= 2. 

 
III. Conclusions 

In this paper we presented a theoretical 
approach to study the peristaltic motion with porous 
medium though coaxial vertical channel.  The governing 
equations of motion are solved analytically using long 
wave length approximation. Furthermore, the effect of 
various values of parameters on axial velocity, pressure 
gradient and pressure rise have been computed 
numerically and explained graphically. We conclude the 
following observations:  

1. The axial velocity in increases with increase in 

Porous parameter (D) for 
��
�� = −0.5 = and -1 

2. The velocity in decreases with increase in 

Porous parameter (D) for  
��
�� = 0.5  and 1. 

3. Pressure rise ∆p is not appreciable with Porous 
parameter (D) and average volume flux�� . 

4. Pressure gradient 
��
��  increases in part of the 

channel � ∈ B0.3,0.5D and decreases in the part 
of the channel� ∈ B0,0.3D ∪ B0.5,1D 
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