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Abstract
The present paper investigates the hydromagnetistpltic flow of blood with effect of porous medn
though coaxial vertical channel: A theoretical studl perturbation method of solution is obtainedérms of wall
slope parameter and closed form of expression®éas derived for axial velocity and pressure ridee effects of
various physical parameters on axial velocity aresgure rise s have been computed numerically.ribied axial

. . . . . o
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I ntroduction

A peristaltic pump is a device for pumping
fluids, generally from a region of lower to higher
pressure, by means of a contraction wave traveliogg
a tube-like structure. This traveling-wave phenooreis
referred to as (peristaltic). This phenomenon & mell
known to physiologists to be one of the major
mechanisms for fluid transport in many biological
systems. The study of the mechanism of peristaisis,
both mechanical and physiological situations, has
recently become the object of scientific reseafince
the first investigation of Latham [1], several thetical
and experimental attempts have been made to uaddrst
peristaltic action in different situations. A rewieof
much of the early literature is presented in aiclarby
Jaffrin and Shapiro [2]. A summary of most of the
experimental and theoretical investigations repghniéth
details of the geometry, fluid, Reynolds number,
wavelength parameter, wave amplitude parameter, and
wave shape has been given by Srivastava and Srieast

[3].

A porous medium is a medium which contains a
number of small holes distributed throughout thdtena
Flow through porous media has been of considerable
interest in the recent years due to the potential
application in all fields of Engineering, Geo-fluid
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dynamics and Biomechanics. For example study af flo
through porous media is immense use to understand
transport process in lungs, in kidneys, gallbladdéh
stones, movement of small blood vessels and tissues
cartilage and bones etc. Most of the tissues inbthaty
(e.g. bone, cartilage, muscle) are deformable porou
media. The proper functioning of such materialsetels
crucially on the flow of blood, nutrients and sortfo
through them. Porous- medium models are used to
understand various medical conditions (such as tumo
growth) and treatments (such as injections). lsterg
investigations on peristaltic flow of Newtonian anadn-
Newtonian fluids through porous media are described
Refs [26-34].

In the recent past, engineers and scientists
became interested in the influence of magnetia faah
blood flows with a view to utlizing MHD
(Magnetohydrodynamic) in controlling blood flow
during surgery and also establishing the effects of
magnetic field on blood flows in astronauts, citize
living in the vicinity of electromagnetic towersceSince
blood consists of a suspension of red blood cells
containing hemoglobin, which contains iron oxideisi
quite apparent that blood is electrically condugtand
exhibits Magnetohydrodynamic flow characteristics.
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Bhargava et al [13] numerically studied the pulsdtow

and mass transfer of an electrically conducting
Newtonian biofluids via a channel with porous medliu
The flows of blood through arteries in the presente
magnetic field under different physiological coimmtits
were reported in ([14], [15]). Steady laminar flow¥
blood through a porous medium in an arterial segmen
having double stenoses under the influence of eatigr
applied magnetic field have been carried out by],[16
[17] using numerically as well as analytically byeams

of Frobenius Method. The potential use of such MHD
principles in various arteries have explored by][189],
who showed that for unsteady flow of blood in atelyr

of circular cross-section, a uniform magnetic fieldters

the flow rate of blood. A. R. Rao and K. S. Desliarc
[20] have investigated using a vorticity formulatiof

the MHD oscillatory flows in variable cross-sectibn
channels, reporting a distinct reduction in velpeiith a
strong applied magnetic field. Many biological tiss
such as bones and vascular tissues, the renahsyste
well as the blood vessels containing fatty depoaits
assumed to be porous by nature. A. R. Khaled and K.
Vafai [21] have presented a detailed review on lagal
fluid flow in a porous media having physiological
applications. Pulsatile flow of blood through arsised
porous medium porous medium under periodic body
acceleration has been studied by M. ElI-Shahed [22].
Magnetohydrodynamic peristaltic flow of a coupleess
fluid through coaxial channel containing a porous
medium has been studied by Tripathi [23]. Peristalt
transportation of a conducting fluid through a po
medium in an asymmetric vertical channel has been
studied by Ramireddy et al [24]. Peristaltic
Magnetohydrodynamic (MHD) flows have also received
extensive attention in recent years. Many fluidssgss

an electrically-conducting nature in the presenteao
transverse magnetic field. The so-called
Magnetohydrodynamic body force effect can therefore
be strategically exploited in a diverse range of
applications. The magnetic properties of haemotoldg
suspensions have been established for many dedsdes.
important study in this regards has been the artigl
Roberts [25]. In that study it was established thateft
Ventricular Assist Device (LVAD) utilizing MHD
principles was feasible: a high density magneteldfi
directed electrified blood within the artery close an
extracorporeal electrode along the length of the
electrode, effectively generating a fluid pumpirayce
and pressure commensurate with the magnetic field
strength and electrode current in accordance witiDM
theory and practice. More recent applications of
peristaltic magneto-fluid dynamic flows have emerge

the last decade or so. These include
magnetohydrodynamic capsule endoscopy, [26-28]
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cerebrospinal endoscopic magnetic aqueductoplggy,
and cardiovascular-assist hydromagnetic medical
devices, [30] largely mobilized by the attractive
operational characteristics of magnetic peristgtinps,
namely cleanliness and avoidance of damage toldragi
blood cells.

Mathematical formulation and Solution

Consider the unsteady hydromagnetic flow of a
viscous, incompressible and electrically conducting
couple-stress fluid through a two-dimensional clehmf
non- uniform thickness with a sinusoidal wave tttvg
down its wall. The plates of the channel are assutoe
be electrically insulated. We choose a rectangular
coordinate system for the channel with x along esinie
in the direction of wave propagation and y transgeo
it.
The geometry of the wall surface is defined as
Hy(X.t) = ay + b, Cos— (X —ct) 1)
Hy(00) = —a,— b, Cos= (W —ct) + 8 (2)
where by, b, are amplitudes of the waves, €, is the
width of the channel 4 is the wave lengthf is the

phase differences(0 < & < ) , c is the propagation

velocity and t is the time.
The constitutive equations and equations of mofiwra
couple stress fluid are

Tyt pfi= p% ©)
et T+ My ; +pC; =0 4
Ty; = —p +2u dj; (5)
Bij = dnw;; +TJ.W;',=' (6)

Where f; is the body force vector per unit mag, is
the body moment per unit mags, is the velocity

vector, T; and T}i are the symmetric and

;
antisymmetric parts of the stress tenﬁ(}& respectively,
Mi.}. is the couple stress tensq:t,i.}. is the deviatoric part

of M:.}., 1] i

symmetric part of the velocity gradientn and'r;r' are

is the vorticity vector , d. . is the

i

constants associated with the couple stregs js the

pressure, and the other terms have their usual inggan
from tensor analysis

We introduce a wave frame of reference (x, y) mgvin
with velocity ¢ in which the motion becomes
independent of time when the channel length is an
integral multiple of the wavelength and the pressur
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difference at the ends of the channel is a constant
(Shapiro et al., (1969)). The transformation frohe t
fixed frame of reference (X,Y) to the wave frame of
reference (x, y) is given by
x=X-ct,y=Y,u=U-cv=Vandp(x) = P(X,1)

where (u, v) and (U, V) are the velocity compongpts
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
du 4 Bv

2273 "0 (7)
el
[6Bo2]lu+ ] — [][u-i—c]

(8)
plrtudievg] = -ZufF+ 5]
[oBo2lv—[£] v (©)

u and v are the velocity components in the cornedjmy
coordinates p is the fluid pressurg,is the density of

the fluid, K is the coefficient of the viscosityk; is the

permeability of the porous medium, electrical

conductivity and k is the thermal conductivity.
Proceeding with the analysis, we introduce theofeihg
dimensionless parameters:

x*:_f Fszl ut =2 Vs="'-_"’
i ap c ayc
E.z ct =2,
pf‘:}np t*:—’dz_—
pe A -
~
pca, ] -
Re="— M= [Bjag; 6="2
m m i
h*=£=1—|—¢ Cos 21
1 a, 1
H
h,"=2=—-d—¢,Cos(2nx+8 ==
by = 6, Cos (2mx+6), 4,
¢, ==
1 a,

whered , £, ¢ ,Re, M designate the wave number, ratio

of half width of channels, amplitude ratio, Reyr®ld
number and Hartmann (Magnetohydrodynamic body
force) number respectively. Utilizing the long
wavelength and low Reynolds number approximation in
Egs. (7)-(9), we obtain:
Bu | dv _ =0

Bx E‘y (10)

http: // www.ijesrt.com

ISSN: 2277-9655
Impact Factor: 1.852

Red[u, + u ux-l-vuy] =
[—g-l—ﬁ U, +u —(Mz -I-%)u -

241

(r2+3)]
(11)

Red’ [""1; t+uv, + vvy] =

fp |, o4 22 2z
[—a—y-l-t: Vi TO°V,, —M70
(12)
Using long wavelength (i.af, << < 1) and negligible
inertia (i.e.fle — 0) approximations, we have

i (rg)u-(e ) -— @
8p
3y (14)

With dimensionless boundary conditions
u=-1 at y=h,, u=-1 aty=h, (15)

—=0aty= hi, —Elaty=h2 (16)

a -2
Solving equation (13) using the boundary conditi¢its
and 16), we get

u = [A —1]N,Sinh [a;y] + [4 —

1]N,Cosh [a,y] —

a7
| 1
Wherex; = NlM‘ L
N, =

[l’.‘osh [a, h,]-Cosh [n:._hz]]
[sink [2, n,] Coshla, R d-Sink (e, k] Cosh [a, hy ]

N, =
[sinn [a, n,)-Sinn [, 7,]]
[sink [2, n,] Cosh[a, R )-Sink (e, h,] Cosh [a, h,]]

dp

dx
1+3

2 1
B=M"+-

The rate of volume flow ‘q’ through each sectionais
constant (independent of both x and t).1t is gilagn

hz
q=j udy
R

s[4 — 1]N3 + [A —1]N, — A[h; — h4]

(18)
Where
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Ny, = ﬂ [[Cosh [ee,h,]— Cosh [:xlhl]]]

@1
N, =2 [[Sink [y h,] — Sink [ ]]

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

Q=["(u+1)dy=q+ (h—h;) (19)

Averaging volume flow rate along one time periods w
have

@=[ Qdt=q+1+d (20)

The pressure gradient obtained from equation (&48)be
expressed as
dp __ B Lq—1+e+|:h5—h,_}}

dx LW, #N,—(Rhy—h,)

(21)
The pressure riséiy (at the wall) in the channel of

length L, non-dimensional form is given by
ol fdp 1B (J-1+d)+(ho—h.]
oo I () anep} ({0

0 \dx O N\ (N, —N ) —i(Ry—h,]

Results and Discussion

In this paper we investigate hydromagnetic petistal
flow of blood with effect of porous medium though
coaxial vertical channel: A theoretical study, wavé
presented the graphical results of the solutionial ax
velocity u and pressure rigg.

We now discuss the behavior of axial velocity for
various in the governing parameters Magnetic patame
(M) and Porous parameter (D)for the phase shipt
O00O000as depicted in figures (1) to (8).The axial
velocity distribution (u) with Magnetic parametév)as
depicted in figures (1) and (2). We notice that éxél
velocity increases with increase in Magnetic patame

(M) for all the two cases':Eﬂ = - 0.5,'1—?J = -lltis
dx dx

interesting to note that the opposite behaviourenkel
for & - 0.5, & -
dx dx
(4).Figures (5) and (6) reveal the velocity disitibn
with porous medium (D). It is observed that as the
Porous parameter D increases the maximum velocity
dp

increased for all the two caséig =-05 — =-1.
dx dx

1 as shown in Figures (3) and

However, opposite effects are noticed ié'l’: 0.5, :—: =

1 as shown in Figures (7) and (8). (Increase irop®r
parameter D).We now discuss the behavior of axial
velocity for various in the governing parameters
Magnetic parameter (M) and Porous parameter (D) for
phase shiptJ 000/ 4.( see figures (9) to (16)).The
axial velocity distribution (u) with Magnetic parater
(M)for phase shipt][1J[J[1/ 4as depicted in figures (9)
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and (10). It is observed the maximum velocity (u)

increases with increase in Magnetic parameter @vlafi

d d . :
the two casegE =-0.5, d—?’ = -1.lt is interesting to note
X X
e behavi %= 05, %2 -
that the opposite behaviour observedd r= 0.5, -
X X

1 as shown in Figures (11) and (12) even if forghase

shipt © =TU 4. The maximum velocity increases with
increase in porous parameter (D) as depicted urdig

(13) and (14) for all the two caség =-0.5, :—?’ =-1.1t
= =

is observed the opposite behaviour observed%?em
X

0.5, :—?: = 1 as shown in Figures (15) and (16) with

X
increase in porous parameter (D) for the phaset ship
0 =174
In Figure (17), the effect of Magnetic field on ssere is
illustrated. Inspection of this figure indicatesaththe
pressure decreases with increase in magnitude of
Magnetic parameter. In Figure (18), the effect psro
medium on pressure is illustrated. Inspection aé th
figure indicates that the pressure decreases nitfease
in magnitude of porous parameter.

-

—+—M=1

-088 A M=3

in

a5 =E 0.5 A 05

——M=1

096 -~ M=3

d
Figure (2): uwith M when D = 0.1, d—?’ =-1,¢y = 0.7,
=

¢, =1.2)x=025d=2, =10
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05¢, = 0.7,¢, =1.2,x=025d=2,8=10
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Conclusions

In this paper we presented a theoretical
approach to study the hydromagnetic peristaltic
transportation of couple stress flow of blood imen-
uniform channel congaing porous medium. The
governing equations of motion are solved analytjcal
using long wave length approximation. Furthermdine,
effect of various values of parameters on axiabeity
and pressure rise have been computed numericatly an
explained graphically. We conclude the following
observations:
1. The axial velocity in increases with increase in
Magnetic parameter (M) and Porous parameter (D) for

the two cases:E =- 0.5,:—?J = -1(phase shipt/# = 0
& &

'y
as well asl = Z)'

2. The velocity in decreases with increase in Mgign
parameter (M) and Porous parameter (D) for the two

casesz:—FJ = 0.5,:—FJ = 1(phase shipt @ = 0 as well as
X X

M

3. The pressure decreases with increase in magnafid
Magnetic parameter and porous medium.
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