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ABSTRACT: In this paper attempt is made to show the effect of hall on the peristaltic flow is fluid in
bi-dimensional channel under the long wave length. A closed form solution has been seen at axial
velocity and pressure grapiest. Attempt is made to graphical analysis of time-averaged volume flow
with various emerging parameters.

INTRODUCTION

The word peristaltic stem derived from the Greek word peristaltic. It means clasping and
compressing. In peristaltic pumping process fluid transport in distensible tube is simultaneously occur
as the progressive waves travel among wall of the tube. When stimulated at any point contractile rings
emerge and spread in the circular muscle tubes. In this way, peristaltic occurs in the gastrointestinal
tract, the bile ducts, other glandular ducts throughout the body, the ureters, and many other smooth
muscle tubes of the body, Guyton and Hal (2003).

Peristalsis mechanism has recently become a very important subject of scientific research in
both mechanical and physiological situations the first research work carried out by Latham in 1966 in
this field.

Peristalsis is a pumping mechanism used in biology as well as in industry for pumping and
propelling fluid. This pumping is done through contraction and expansion of progressive wave moving
along the wall of the tube. Peristaltic movement in biology performs different functions. By
contraction and expansion of muscles of tubular organs food and liquids can be propelled forward. In

some particular organs it does the work of mixing the content log ether to amalgamate them (1-4).
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In industry it has numerous applications. In sanitary fluid transportation and in transportation of
corrosive fluid peristaltic mechanism plays an important role. The same mechanism can be found in
nuclear industry for transportation of toxic liquid. After the first investigation of Latham a host of
scientists and research scholars jJumped upon it to carry out experiments Shapiro at al investigated a
mathematical model for peristaltic flow. A great number of scholars take Shapiro’s investigations as
the base for their research in the area of peristaltic mechanism. Most of the studies and research work
on peristaltic flow deals with Newtonian fluid. In the biological point of view this mechanism

motivated investigations in different non-Newtonian fluid also.

There is a great number of engineering processes in peristaltic pumping mechanism. In

chemical and pharmaceutical industries this mechanism is used to handle a wide range of fluids.

In physiology peristaltic process is found in blood pumping in heart and lungs. The biological

fluids behave like non-Newtonian fluids. Therefore interest is focused on non-Newtonian fluid process.

Srivastava studied Peristaltic transport of blood: Casson model. Mekheimer carried out his

investigations in the peristaltic transport of HMD flow in an inclined planar channel.

Hence several researchers and investigators studied the flow behavior of non-Newtonian fluid
in physiological system of living bodies. Among them hyperbolic tangent system explains in detail. In
this paper the graphical result are presented to discuss the physical behavior of various parameters of

interest.
MATHEMATICAL FORMULATION

Let us consider the peristaltic transport of an incompressible Newtonian Fluid flow in an
inclined asymmetric channel of half-width. The angle of inclination is «. A sinusoidal wave
propagating with constant speed c on the channel walls induces the flow. The geometry of the wall
surface is defined as

Y=H =a+bsin[2—”(f—cf)}

A (1)

Where A is the wave length, ¢ is the velocity of propagation, tis the time and b is the amplitude
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Under the assumption that the channel length is an integral multiple of the wavelength A and
the pressure difference across the ends of the channel is a constant, the flow becomes steady in the
wave frame moving with velocity ¢ away from the fixed frame. The transformation between these two

frames is defined by

x=X-cf ,y=Y ,0=0-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 are given by
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Where p is the density, o is the electrical conductivity, B, is the magnetic field strength and
m is the Hall parameter.

The dimensional boundary conditions are

u=-c at y=H (6)
ou

— =0 at =0 7

Py y (7

Introducing the non-dimensional quantities

_ _ _ _ _ 2 B _ ZBZ
X=£1yzl, u:E, V:l’é‘zg’p: a ’t:C_t’h:ﬂ’¢:9’q:i,M220a 0
A a c co A MCA a a ac Ko (8)
From the equations (3) to (5), we get
ou oV
&4‘5:0
9)
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2
Where Fr _C is the Froude number, M is the Hartmann number and Re is the Reynolds
a

number. Using long wavelength i.e. &'is less than 1, approximation, the equations (10) and (11)
become

o%u M 2 op Re M 2

—2—1 ZUZ&—ESII’]G—F]- mz

oy +m + (12)
»_,

2 (13)

From equation (13), it is clear that p is independent of y .Therefore Eg. (12) can be rewritten as

o'u  M? dp Re M 2
— = S U= d———sm o+ f
oy 1+m X Fr 1+m (14)

The corresponding non-dimensional boundary conditions are given as

u=-1 at y=H (15)
ou
—=0a y=0 (16)
oy

Knowing the velocity, the volume flow rate q in a wave frame of reference is given by

Q=Tudy

(17)
The instantaneous flow Q(X,t) in the laboratory frame is
h h
Q(X,)[UdY = [(u+1dy=q+h
0 0 (18)

. = . A o L
The time averaged volume flow rate Q over one period T =— of the peristaltic wave is given by
C

Q==|Qdt=q+1

—| =
O Ly —|

(19)
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SOLUTION OF THE PROBLEM

Solving equation (14) together with the boundary conditions (15) and (16), we get

u= i(@—@sm aJ{COShﬁy —1}1 (20)

p2ldx  Fr cosh ph

where g =M/+1+m?

The volume flow rate g in a wave frame of reference is given by

1 (@—@sm aj{sinh ﬂy—ﬂhcoshﬁh}_h

pPldx  Fr cosh gh 21)

From equation (21) we write

1(dp Re. cosh gy
U=—|—-———sin -1/-1 22

B? [dx Fr aj{coshﬁh } (22)
3

dp = (.q b h)ﬂ cosh i + Esin a (23)
dx sinh ph—ahcosph  Fr
The dimensionless pressure rise per one wavelength in the wave frame is defined as

1
Ap = j%dx

o O (24)

Note that, as & —0,M —0 and m—0 our results coincide with the results of Shapiro et al. (1969).

RESULTS AND DISCUSSION
The variation of pressure rise Apwith time -averaged flow rate Q for different values of
Hartmann number M with ¢=0.5, Re=5,a=%, Fr=2 and m=0.2is depicted in Fig. 1. It is found

that, the time-averaged flow rate 6 increases in the pumping region Apis positive with increasingM ,
while it decreases in both the free-pumping Apis equal to 0 and co-pumping Ap is negative regions
with increasing M |
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The variation of pressure rise Ap with time-averaged flow rate 6 for different values of Froude

number Frwith ¢=0.5, Re:5,a:%,m:0.2 and M =1 is shown in Fig. 2. It is observed that as

increase in Frdecreases the time averaged flow rate (_Q in all the pumping, free -pumping and co-
pumping regions.
Fig. 3 shows the variation of pressure rise Apwith time-averaged flow rate 6 for different

values of Reynolds number Rewith ¢=0.5, Fr:2,a:%,m:0.2 and M =1. It is found that, on

increasing increases the time averaged flow rate C_) in all the pumping, free-pumping and co-pumping
regions.
Fig. 4 lustrates The variation of pressure rise Apwith time-averaged flow rate Q for different

values of Hall parameter mwith ¢=0.5Re =5« =%, Fr=2 and M =1.1t is observed that, the time-

averaged flow rate 6 decreases in the pumping region with an increase in m, while it increases in
both the free -pumping and co-pumping regions with increasing m.

Fig. 5 depicts the variation of pressure rise Apwith time-averaged flow rate Q for different

values of amplitude ratio ¢ with a:%,Re:S, Re=5m=0.2 and M =1and . It is observed that, the

time-averaged flow rate Qincreases with increasing amplitude ratio ¢in both the pumping and free
pumping regions, while it decreases with increasing amplitude ratio ¢ in the co-pumping region for
chosen.

The variation of pressure rise Apwith time-averaged flow rate (Sfor different values of
inclination angle awith ¢=0.5,Re=5Re=5m=0.2 and M =1and is presented in Fig. 6. It is

noticed that, the time averaged flow rate 6 increases with increasing «in all the pumping, free-
pumping and co-pumping regions.

CONCLUSION

In this chapter, the effect of Hall on the peristaltic flow of a conducting fluid in an inclined
channel under the assumption of long wavelength approximation is investigated. The expressions for
the velocity and pressure gradient are obtained analytically. It is found that, the time-averaged flow
rate in the pumping region is increases with increasing Hartmann number Reynolds number, angle of

inclination or amplitude ratio, whereas it decreases with increasing hall parameter or Froude number.
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Further it is observed that, the pumping is more for vertical channel. When the horizontal channel
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Fig.6
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