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Hall effects on flow of a Prandtl fluid through
a porous medium in a planar channel with
peristalsis

K. SHALINI, 2K.RAJASEKHAR

ABSTRACT— in this paper, the effect of Hall on the flow of Prandtl fluid through a porous medium in a
planar channel under the assumption of long wavelength is investigated. A Closed form solutions are obtained for
axial velocity and pressure gradient. The effects of various emerging parameters on the pressure gradient, time
averaged volume flow rate and frictional force are discussed with the aid of graphs.

Keywords-- Hall, Newtonian fluid, Hartmann number, long wavelength, peristaltic pumping, Darcy

number, Prandtl fluid, porous medium.

I INTRODUCTION

Many researchers considered the fluid to behave like a Newtonian fluid for physiological peristalsis including
the flow of blood in arterioles. But such a model cannot be suitable for blood flow unless the non — Newtonian
nature of the fluid is included in it. Peristaltic transport of non-Newtonian fluids in a tube was first studied by
Raju and Devanathan (1972), by considering the blood as a power-law fluid. Few interesting studies dealing
with the peristaltic flows of non-Newtonian fluids are given in (Bohme and Friedrich, 1983; Siddiqui et al., 1991;
Subba Reddy et al., 2011). Recently, Akbar et al. (2012) have discussed the peristaltic flow of a Prandtl fluid in
an asymmetric channel. Peristaltic flow of a Prandtl fluid in a symmetric channel under the effect of a magnetic
field was investigated by Jyothi et al. (2012).

The basic perception regarding MHD is the magnetic field which induces the currents in conductive moving
fluids which in results generates the forces on the fluid and also varies the magnetic field itself. It is well known
that when any conductor comes into a magnetic field which in results creates a voltage, which is perpendicular to
the current and field, this effect is known as Hall Effect. Hayat et al. (2007) have investigated the Hall effects on
peristaltic flow of a Maxwell fluid in a porous medium. Effects of Hall and ion-slip currents on peristaltic
transport of a couple stress fluid was analyzed by Abo-Eldahab et al. (2010).

Gad (2014) has studied the effects of Hall current on peristaltic transport with compliant walls. Eldabe (2015)
have studied the Hall Effect on peristaltic flow of third order fluid in a porous medium with heat and mass
transfer. Effect of hall and ion slip on peristaltic blood flow of Eyring Powell fluid in a non-uniform porous
channel was studied by Bhatti et al. (2016). Shalini and Rajasekhar have investigated the effect of hall on
peristaltic flow of a Newtonian fluid through a porous medium in a two-dimensional channel.

In view of these, we studied the effect of Hall on the peristaltic transport of a Prandtl fluid through a porous

medium in a two-dimensional channel under the assumptions of long wavelength and low Reynolds number.
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Series solutions of axial velocity and pressure gradient are given by using regular perturbation technique
when Prandtl number is small. The effects of various emerging parameters on the pressure gradient,

pumping characteristics are studied in detail with the help of graphs.

I MATHEMATICAL FORMULATION

We consider the peristaltic transport of a conducting Prandtal fluid through a porous medium in a two
dimensional channel of width 2a with heat transfer. The walls of the channel are flexible. A uniform magnetic
field Bo is applied in the transverse direction to the flow. The fluid is taken to be of small electrical conductivity,
so that the magnetic Reynolds number is small and the induced magnetic field is neglected in comparison with
the applied magnetic field. The flow is induced by periodic peristaltic wave of length 1 and amplitude b with

constant speed ¢ along the channel walls.

Porous medium

o X

rrerreteetet

B[I
The physical model of the channel is shown in Fig. 1.

Figure 1: The physical model

The equation of the wall is given by

Y:iH(X,t):J_raJ_rbsinZT”(X —ct) (2.1)
Where t is the time, A is the wavelength and (X,Y) are the Cartesian co-ordinates in laboratory frame of
reference.

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, 1), (2.2)
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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 Constitute equations for Prandtl fluid is given by (Patel and Timaol, 2010)

{4

el T

in which A and C are material constants of Prandtl fluid model

The equations governing the flow in wave frame of reference are given by

Z—u+%: (2.4)
X
a 2
P(Uz—u-i-va—uj —Z—p a;xx o 10-802
oy X X oy +m 2.5)
(mv—(u+c))—ﬁ(u+c)
0 0 2
P[U—V v@j——@+ Trc TW—lo—BOz
0 oy oy  ox oy +m 2.6)

(m(u+c)+v)—fv

where p is the density, T is the temperature, « is the coefficient of linear thermal expansion of the fluid,

k is thermal conductivity, ¢ is the specific heat at constant volume, m is the Hall parameter, y is the

viscosity of the fluid and o is the electrical conductivity.

The dimensional boundary conditions are

u=—c at y=H (2.7
a—u:O at y=0 (2.8)
oy
Introducing the following non-dimensional variables
[ f— [ -_ p— 2 -
X:é, y:X, u:ElV:il p:pa t:c_t,
A a c co HCA A
_ _ 2
heH7oar b5 3 g Tl g P gl © pa K
a uc a y) T,-T, k ¢Mm-Tp) a

&+%=o (2.9
0
Reé( a—u+va—uJ:—?+ Tyx+5%+
. % % (2.10)
1erz(mév—(u+1))——(u+1)
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0 0
Re5{u?+v%]:—a—p+§2 Dy s

X oy oX oy 2.11)
oM? 5
1+m2 (m(u +1)+5V)—$V

where Da is the Darcy number, M =aBO\/E is the Hartmann number, Re is the Reynolds number and & is
7

the wave number.
Under the assumptions of long wave length (5 << 1) and low Reynolds number (Re ® 0), the Equations

(2.10) - (2.11) become

a 2
P_y [ M) 212 P o
ox oy 1+m* Da oy
(2.13)
3 2

here z,, :aa_u+£ a , oz:A and ﬂz%.

oy 6\oy ucC a‘C
The corresponding boundary conditions in wave frame of reference are given by
u=-lat y=h=1+¢cos2zXx, (2.14)
6_u:0 at y=0. (2.15)
oy

Equations (2.12), (2.13) indicate that p is independent of y . Therefore Eq. (2.12) can be rewritten as

%ZQQ+EEKG_“] }( M22+ij(u+1) (2.16)
dx oy 6 oy|\ oy 1+m= Da

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

h

q= judy . (2.17)
0

The instantaneous flux Q(X,t) in the laboratory frame is

h h
Q(X,t):judy:j(u +Ddy =q+h. (2.18)
0 0
The time average flux over one period T (= ij of the peristaltic wave is
c

6:%£th=£(q+h)dx:q+l. (2.19)

111 SOLUTION

The Eqg. (2.16) is non-linear and its closed form solution is not possible. Hence, we linearize this equation in

terms of a(<<1).So we expand u, pand q as

u=u,+Au, +0(5%)
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P=Dp +:Bp1 +O(ﬂ2)
q=0, + B9 +0(8°) (3.1)

Substituting (3.1) in the Equation (2.16) and in the boundary conditions (2.14) - (2.15) and equating the

coefficients of like powers of S to zero and neglecting the terms of £* and higher order, we get the following

equations:

3.1 System of order zero (ﬁo)

2
d
AL VLT VL (3.2)
2 1% 1
oy dx
2
here M} = M 2+i
1+m® Da

with the corresponding boundary conditions are

U, =-1lat y=h=1+¢cos2zx, 3.3)
My _g at y=0. (3.4)
oy

3.2 System of order one ( )
2 3
e U2 o =10, (3.5)
oy dx 6oy( oy

with the corresponding boundary conditions are
u =0 at y=h=1+¢cos2zx (3.6)

M _0aty=0. 3.7)
oy

3.3 Solution of order zero (,BO)

Solving Eq. (3.2) together with the boundary conditions (3.4) and (3.5), we get

u, :izdﬁ[cosmy —1}—1 (38)
M, dx [ coshQh

Here Q=M, /o .

The volume flow rate g, in the moving coordinate system is given by
h 1 dp,| sinhQh
=| udy=— —2———-h|-h 3.9
% J-O oY M? dx [Qcosth } 3.9)
From Eg. (3.10), we have

dp, M/ (g, +h)QcoshOh (3.10)
dx  (sinhQh—QhcoshOQh) '
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3.4 Solution of order one ( /)
Solving the Equation (3.6) by using the Equation (3.9) and the boundary conditions (3.7) and (3.8) to get

. _i%{coshﬂv_l}ﬂ*f dpy |
' M2 dx [ coshQh 8M, ( dx
_ (3.11)
ysinhQy cosh 32(2y _ A coshQy
20Q 8M/
Where A :L,
coshQh
A - hsinhQh  cosh3Qh 1
2002 8M?2 JcoshQh'
and the volume flow rate {; is given by
h 1 dp.
=| udy=——— M1
% -[0 Y M} QcoshQh dx
(3.12)

3
[sinhQh - Qhcosh Qh]+ A, (O('jij
X

3 : . .
where A, = QAG hcosh i)h _sinh %h _sinh 3th _ Asinh©h
8MS [ 20 2aQ°  24QM| 0

From Eg. (3.13), we have
’ dp, \’
M/ QcoshQh| g, — A, d—;

- (3.13)
dx sinh Oh —hQcosh Gh

Substituting Equations (3.11) and (3.13) into the second Equation of (3.1) and using the

relation ap, _dp —ﬂ% and neglecting terms greater than O(8) , we get
dx  dx dx
dp_ OM/coshQh
dx  [sinhQh—Qhcosh Oh]
3.14
NN M7 (q+h)QcoshOQh ’ (3.14)
a sinh Qh —Qh cosh Qh

The dimensionless pressure rise per one wavelength in the wave frame is defined as
1dp
Ap=| —dx 3.15
P=],5 (3.15)

Note that, as Da — oo our results coincide with results of Subba Narasimhudu (2017).
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IV DISCUSSIONS AND RESULTS

Fig. 2 shows the variation of axial pressure gradient Z—p with Prandtl fluid parameter g8 for « =1.2,m=0.2,
X

Da=0.1, M=1 ¢=0.5 and 6=—1. It is observed that, the axial pressure gradient g_p increases on
X

increasing £ .

The variation of axial pressure gradient j_p with Prandtl fluid parameter « for m=0.2, Da=0.1,M =1,
X

£ =0.01, $=0.5 and 6 =-1 is shown in Fig. 3. It is noted that, the axial pressure gradient :—p increases with
X

an increase in « .

Fig. 4 depicts the variation of axial pressure gradient Z—p with m for « =1.2,Da=0.1, M =1, =0.01,
X

¢=0.5 and (3 =-1. It is found that, the axial pressure gradient g_p decreases with increasing m.
X

The variation of axial pressure gradient 3_p with Hartmann number M for ¢ =12, m=0.2, Da=0.1,
X

£=001,4=0.5 and (3=—1 is depicted in Fig. 5. It is observed that, the axial pressure gradient Z—p increases
X

with an increase in M .

Fig. 6 illustrates the variation of axial pressure gradient g— with Darcy number Da for =12,
X

m=02,M=1, f=0.01,¢=0.5 and (_Qz—l. It is found that, the axial pressure gradient ?decreases with
X
increasing Da .

The variation of axial pressure gradient :ij_p with ¢ for =12, m=0.2, Da=0.1, #=0.01,M =1 and
X

6 =-1 is shown in Fig. 7. It is observed that, the axial pressure gradient j_p increases by increasing ¢ .
X

Fig. 8 shows the variation of pressure rise Ap with time averaged flux Q for different values of B with
a=12,m=02, Da=0.1, M =1 and ¢=0.5. It is observed that, the time averaged flux Q increases with
increasing S in the pumping region (Ap >0), while it decreases with increasing S in both the free-pumping
(Ap :0) and co-pumping (Ap <0) regions. Further, it is observed that, the pumping is more for Prandtl fluid
than that of Newtonian fluid (e =1 8=0).

The variation of pressure rise Ap with time averaged flux Q for different values of «

with #=0.01,m=0.3, Da=0.1, M =1 and ¢ =0.5is depicted in fig 9. It is noticed that, the time averaged
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flux Q increases with increasing « in the pumping region, while it decreases with increasing « in both the
free-pumping and co-pumping regions.

Fig. 10 depicts the variation of pressure rise Ap with time averaged flux Q for different values of m
with #=0.01,2=1.2, Da=0.1, M =1 and ¢=0.5. It is found that, the time averaged flux Q decreases with
increasing m in the pumping region and increases in both the free-pumping and co-pumping regions with
increasing m.

The variation of the pressure rise Ap with 6 for different values of M with =01, m=0.2, Da=0.1,

M =1 and ¢=0.5 is depicted in Fig. 11. It is observed that, in the pumping region, the (_2 increases with
increasing M , while it decreases in both the free-pumping and co-pumping regions with increasing M .

Fig. 12 illustrates the variation of pressure rise Ap with time averaged flux 6 for different values of Da

with £=0.1,m=0.2, Da=0.1,M =1 and o =1.5. It is noted that, the time averaged flux Q decreases with
increasing Da in the pumping region, while it decreases with increasing Da in both the free pumping and the
CO-pumping regions.

The variation of pressure rise Ap with time averaged flux Q for different values of ¢ with

$=01,m=02, Da=0.1,M =1 and o =15 is shown in Fig. 13. It is noted that, the time averaged flux Q

increases with increasing ¢ in both the pumping and free-pumping regions, while it decreases with increasing ¢
in the co-pumping region for chosen Ap(<0).

In this chapter, we studied the effect of Hall on peristaltic flow of a Prandtl fluid through a porous medium
in a tow-dimensional channel under the assumptions of long wavelength and low Reynolds number. Series
solutions of axial velocity and pressure gradient are given by using regular perturbation technique when
Prandtl number is small. It is observed that, the axial pressure gradient increases with increasing

B.M,a or ¢, whereas it decreases with increasing mor Da. In the pumping region, time averaged flux

Q increases with increasing 8,M,« or ¢, whereas decreases with increasing. Also, it is observed that, the

pumping is more for Prandtl fluid than that of Newtonian fluid.

v F=0020010

dp
dx o

Figure 2: The variation of the axial pressure gradient j_p with g fora¢=12,m=0.2, Da=0.1, and (3 =-1.
X

M=1¢=05

Received: 12 Oct 2019 | Revised: 23 Sep 2019 | Accepted: 15 Jan 2020

272



International Journal of Psychosocial Rehabilitation, Vol. 24, Issue 04, 2020
ISSN: 1475-7192

dp
ax

0.1 0.z 0.3 0.4 oS 0.6 0.7 0.8 0.9 1

Figure 3: The variation of the axial pressure gradient g_p with ¢ for m=0.2, M =1, f=0.01,Da=0.1,
X

$=05 and Q=-1.
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Figure 4: The variation of the axial pressure gradient Z—p with m for ¢ =1.2,M =1, #=0.01, Da=0.1,
X

$=05 and Q=-1
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Figure 5: The variation of the axial pressure gradient Z—p with M for «=1.2, m=0.2, #=0.01,Da=0.1,
X

$=05 and Q=-1.
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Figure 6: The variation of the axial pressure gradient g_p with Da for « =12, m=0.2, #=0.01, M =1,
X

$=06 and Q=-1.
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Figure 7: The variation of the axial pressure gradient Z—p with ¢ for « =1.2, m=0.2, #=0.01,Da=0.1,
X

M =1 and 6:—1.
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Figure 8: The variation of the pressure rise Ap with (3 for different values of g witha =12, m=0.2,

Da=0.1, M=1and ¢=05.
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Figure 9: The variation of the pressure rise Ap with 6 for different values of o with #=0.01,m=0.2,

Da=0.1, M=1and ¢=05.
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Figure 10: The variation of the pressure rise Ap with 6 for different values of m with #=0.01,a¢=1.2,

Da=0.1, M=1and ¢=05.
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25

Figure 11: The variation of the pressure rise Ap with 6 for different values of M with #=0.01,m=0.2,
Da=0.1, =12 and ¢=0.5
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Figure 12: The variation of the pressure rise Ap with 6 for different values of Da with #=0.01,m=0.2,
M=1, a=12and ¢=0.5.

Fig.ure 13: The variation of the pressure rise Ap with (3 for different values of ¢ with §=0.01,m=0.2,
Da=01, M=1and o =1.2.
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