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Influence of partial slip on the peristaltic flow in a porous medium
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Abstract

In this paper, the slip effects are discussed on the peristaltic flow of a viscous fluid in a porous medium. A long wavelength
approximation is used in the flow modelling. The solutions for stream function and axial velocity are constructed by employing the
Adomian decomposition method. Numerical integration has been used for the pumping and trapping phenomena. Graphs illustrate
the physical behavior. It is noted that the size of the trapped bolus decreases and its symmetry disappears for large values of the
slip parameter. Further, the peristaltic pumping rate decreases by increasing the slip parameter.
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1. Introduction

The importance of peristaltic flow phenomena had become more and more evident during the past few decades.
This is perhaps due to several industrial and physiological applications of such flows. The first attempt regarding
the peristaltic flow has been made by Latham [1]. Later, various workers have studied the peristaltic flow and now
several solutions are available in the literature for such flows with considerations of the nature of the fluid, geometry
of the tube, propagating waves, endoscope and inclusion of other physical effects such as magnetic fields, and porous
media [2–15].

No attempt has been made yet to discuss the slip effects on the peristaltic flow in an asymmetric channel. Therefore
the main purpose of the present paper is to present a theoretical analysis of slip effects on the peristaltic flow of a
viscous fluid in a porous medium. The inadequacy of the no-slip condition is quite evident in polymer melts which
often exhibit microscopic wall slip. The slip condition plays an important role in shear skin, spurt and hysteresis
effects. The fluids that exhibit boundary slip have important technological applications such as in polishing valves
of artificial heart and internal cavities. Here, the analysis has been carried out by considering slip effects on the
asymmetric channel walls. The resulting problems for long wavelength approximation [2,3,5–14] are solved using
the Adomian decomposition method (ADM) [16,17]. This method has already been used for the solutions of several
other problems [18–24]. The paper is organized as follows. Section 2 includes the explanation of ADM briefly. The
problem under consideration is formulated in Section 3. The solution to the problem is given in Section 4. Section 5
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includes previous results. The pumping and trapping phenomena are studied in Section 6. Section 7 consists of final
remarks.

2. The Adomian decomposition method

To explain this method, we consider the following differential equation

Lu + Ru + Nu = g(x), (1)

with prescribed conditions. In the above equation u (x) is the unknown scalar function, L is the highest-order derivative
which is assumed to be easily invertible, R is a linear differential operator of order less than L , Nu represents the
nonlinear terms, and g is an inhomogeneous term. Applying the inverse operator L−1 to both sides of Eq. (1), and
using the given conditions we have

u (x) = f (x) − L−1 (Ru) − L−1(Nu), (2)

in which the function f (x) represents the terms arising from the integration of g (x) and then using the prescribed
initial or boundary conditions. For example, if L =

d3

dx3 , then L−1 is a three-fold integration, and f (x) =

u (0) + xu′ (0) +
x2

2!
u′′ (0) + L−1g.

The linear term u (x) in terms of an infinite sum of components um is decomposed through the following equation

u (x) =

∞∑
m=0

um(x). (3)

The nonlinear operator Nu can be decomposed into an infinite series of polynomials as

Nu =

∞∑
m=0

Am(x). (4)

The components of u (x) can be determined recursively. Am (x) are the Adomian polynomials of u0, u1, u2, . . . , um
and satisfy

Am =
1

m!

dm

dλm

[
N

(
∞∑

i=0

λi ui

)]
λ=0

, m = 0, 1, 2, . . . . (5)

From Eqs. (2)–(4) we have

∞∑
m=0

um (x) = f (x) − L−1

(
R

∞∑
m=0

um

)
− L−1

(
∞∑

m=0

Am

)
. (6)

The above equation easily gives

u0 = f (x),

um+1 = −L−1(Rum) − L−1(Am), m ≥ 0. (7)

All components are determinable since A0 depends only on u0, A1 depends on u0, u1, etc. Moreover, since the series
is commonly rapidly convergent, the m-term partial sum φm =

∑m−1
i=0 ui could be the practical solution.

Regarding the convergence of the decomposition method and the detailed description of the Adomian
decomposition and the modified decomposition algorithms, we refer the readers to the studies [25–27].

3. Problem formulation

Consider the two-dimensional channel of width d1 + d2 (Fig. 1) filled with an incompressible viscous fluid. The
space between the channel walls is porous. The asymmetry in the channel flow is induced due to different amplitudes
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