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Abstract. This paper describes the impact of the Hall cureemMHD flow of a couple
stress fluid in an inclined channel. The fluid isatrically conducting through a porous
medium in the presence of uniform magnetic fielthe Tsystem of governing partial
differential equations are solved analytically. Tmalytical solution is carried out under
long wave length and low Reynolds number. Closednf@xpression for velocity,
pressure gradient and pressure rise are preseftgubrtant results reflecting the
influence of embedded parameters in the problene Hm®men pointed by plotting the
graphs and discussed in detalil.
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1. Introduction
It is well established fact that peristaltic praces a mechanism for mixing and
transporting fluids, which is caused by a progressvave of contraction and expansion
travelling on the walls of the channel/tube. Suobcpss is encountered in the transport
of urine from kidney to bladder, swallowing of fodttough esophagus, lymph transport
in the lymphatic vessels and in vasomotion of srbldbd vessels such as arterioles,
venules and capillaries etc. Roller and finger psimpso work under the peristaltic
mechanism. Beginning with the first investigatidnLatham [8], several theoretical and
experimental attempts have been made to undergtandtaltic action in different
situation. Shapiro et al., [13] discussed the tbioal results for both plane and
axisymmetric geometries. This has attracted sewevaktigators to study the peristaltic
transport under long wavelength and low Reynoldslrer.

Mekheimer [9] analysed the MHD flow o€anducting couple stress fluid in a slit
channel with rhythmically contracting walls. Nirraakt al. [10] contributed the hall
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current effect in oscillatory flow of a couple ssefluid in an inclined channel. Eldabe et
al. [1] studied the effects of heat and mass tmansfn the MHD flow of an
incompressible, electrically conducting couplessruid through a porous medium in an
asymmetric flexible channel over which a travelimgve of contraction and expansion is
produced, resulting in a peristaltic motion. Sankatd Radhakrishnamacharya[12]
contributed towards the effect of magnetic field the peristaltic transport of couple
stress fluid in a channel with different wall projes. Shit and Roy[14] discussed the
effect of slip velocity on peristaltic transport afphysiological fluid through a porous
non-uniform channel under the long wave length antbw-Reynolds number
assumptions. Kothandapani and Srinivas [7] analybed effect of elasticity of the
flexible walls on the MHD peristaltic flow of a Neé@anian fluid in a two-dimensional
porous channel with heat transfer under the assongpbf long wavelength and low-
Reynolds number.

Gnaneswara et al. [3] studied the ¢fé¢thermal radiation and chemical reaction
on peristaltic MHD slip flow of a couple stressifluhrough a porous medium in an
asymmetric channel. The influence of heat and nassfer on a peristaltic flow of
Jeffrey fluid in an inclined asymmetric channel twiHall currents through porous
medium was analysed by Eldabe et al. [2]. Ravikufh&} studied the MHD peristaltic
transportation of a conducting blood flow with pasomedium through inclined coaxial
vertical channel. Hayat et al. [5] analysed theafbf hall current on peristaltic transport
of couple stress fluid in an inclined asymmetricamhel. The theoretical and
computational study of peristaltic hemodynamic flofvcouple stress fluids through a
porous medium under the influence of magnetic figlth slip condition was done by
Swarnalathamma and Veerakrishna [15]. Govindarejaal. [4] described the combined
effect of Heat and Mass transfer on MHD peristaltiansport of a couple stress fluid in
a inclined asymmetric channel through a porous umdiVeerakrishna and Dharmaiah
[16] discussed the hall current effect on pulsdtdev of a viscous incompressible fluid
through a porous medium in a flexible channel unlderinfluence of transverse magnetic
field. Khalid Nowar [6] has presented the perigtallow of an incompressible viscous
electrically conducting nanofluid in a vertical asyetric channel through a porous
medium.

The objective of present research isamture further in the effect of Hall current
in the peristaltic flow of couple stress fluid in anclined asymmetric channel. The fluid
is electrically conducting through an inclined metin field. It is to be noted here that the
role of both slip boundary condition and Hall cuntr§l4, 5] on the dynamic fluid have
not been studied previously and this may be tis fiirinclude both the conditions in the
such study. In the following sections, the problésnformulated and solved. The
analytical solutions to the axial velocity, pregsgradient and pressure rise are obtained
using the assumptions of long wave length and le@yriRlds number. The numerical
solutions have been computed using MATHEMATICA teafe and presented them
graphically.

2. Mathematical formulation
We consider the flow of an incompressible, viscand electrically conducting couple
stress fluid flowing through an inclined asymmetif@annel under the action of external

magnetic field. Lety’' =h andY'=h are upper and lower wall of the channel. The
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medium is considered to be induced by a sinuseidak train propagating with a wave
speed c along the length of the channel wall {gfiré 1) such that

(X ,6)= &+ acosrr (X - cb)] 1)
(X, 1) ==d, - acosts (X - ci)+g] @

where d, andd, are the mean height of the upper and lower wathefchannel from
the center lineg, anda, are the amplitudes of the waves of the channelsylthe
wave length,@{0< @< 1) the phase difference between the wave trains tbf the walls,

X andY are the rectangular co-ordinates withmeasures the axis of the channel and
Y the transverse axis perpendicularXo. The fluid flow of the channel is exerted by an
external transverse uniform constant magnetic fdldtrengttB, , in which the induced
magnetic field is neglected because of the low raagiReynolds number.

Figure 1. Geometry of the problem

Now, the equations of governing motion for thesprg problem are as follows:
u oV 3
oxX' oY’

ou' ou' —£+ (62U'+62U' 0'U' aU' oBU’

pU 'Kﬂ/'_) = )—/7(a NG + 3 Y“) 0 rﬁ)+pgsma'

v’ ax HaxzTave
4)
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where (U 'V ") are the velocity components in the fixed framds the viscosity of fluid,
n is the constant associated with couple stress,the fluid pressurep is the fluid
density, o is the electrical conductivityB, is the external magnetic fieldy the

o L 0B, .
inclination of the channel, g be the acceleraticavigy, m=——is the Hall parameter
en

(e is the electric charge, n is the number of dgmdielectrons) . Due to the assumption
of the low magnetic Reynolds number, the inducedtat field is neglected.
Let us consider a wave frane', y') that moves with the velocity away from fixed

frame (X', Y") . Here we use the relation between wave frameiaad frame as follows:
X'=X'-cty=Y, U= U- ¢gv=V (6)

Due the time dependence of the channel wall, inagheratory framéX',Y") the flow is

unsteady. Therefore all flow quantities analysethenwave frame of reference.
Let us introduce the following dimensionlessiafales,

-Xy=L, n(x>-hl(x) n(y=2,

/1 d,
u' AV' d? (x) %
u=—,v=—o, =L,t=—,
c dc’ Auc A
Using the transformation (6) and dimensionless &g (7) into governing
Equations (3) to (5) becomes
du 0°u . 0° 1,.,0%u, 0" H(w1)
Red 1— —}= 0° —) (0 —) —————+
eof(u+1) +V } 6x+( ax2+03fLs O % ey Tar m Ff'na
8
Red*{(u +1)@+V6_V}=_ﬂ)+52(520_2v+i _52},(540_4V+£\5_
ox ay  dy 0% 0y ox ay
2
H 0%V - Re5cosa' 9
1+m Fr
dy
where Re=——+= ped, is the Renolds number, 6:—|s the wave number,

H K

2
1

H= Bodl\/E is the Hartmann number y = z is the couple stress parameter and
H H
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2
Fr = is the Froude number.
9d,

Under the assumption of long wave lengthtbat isd<<1 and low Reynolds number

Re<<1 (cf.Shapiro[2]), the equations (8) and (9) reduwe
op 0°u 10°u H*(u+l) Re.

——t—- - +—sina =0
ox ay> y*oay' 1+nf Fr

9 _

oy

The volumetric flow rate in the fixed frame is givby

"
Q= j U'(X,Y', t)ydy

whereh ' andh,' are functions oK’ andt.
The rate of volume flow in the wave frame is fouade

h
a= [ u(x, y)dy
h2'
whereh ' andh,' are functions ok’ alone.
Using transformatiotd '=u'+ cin equation (12) and using (13) we have

Q=q+dh-1h)

The time mean flow rate over a period T at a figedition X' is defined to be
17

Q== j Qdt

Use equation (14) into equation (15) we have

Q'=qgtcd+cd

The non dimensional form of equation (16) will be

0=F +1+d

where

9= F=_9 andd =d_021

cd,  cd

The boundary conditions for the present problembzanritten as:

Slip boundary conditionu = —ﬁg—u aty=h (x),anc u= +ﬁ% at y=h, (x)
y y

Vanishing of couple stress:

0°u _ _ _
a_yz_o' aty=h (x) andy= h
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Solving equation (10) by using the boundary condgi(18) we have the axial velocity
“u” is obtained as

Iiesina— H® _op
u=gcosh(my) ¢ sinh(m y) ¢ cosh(m ¥y £ sinh(m ¥ Fr y2]|:|+2m2 ax
1+’

(19)
where the constants (i =1to 4)in equation (19) can be calculated by simple atgieb
calculations.

Similarly the expression fo(;#p can be derived from equation (10) and hence time no
X
dimensional expression for pressure rise per wength Ap can be obtained as,
1
dp
Ap = | —dx
P -([dx

3. Results and discussions
The analytical solutions for axial velocity, pressgradient and pressure rise per wave
length have been discussed in the previous sectiorntbie present study for numerical
results, it is necessary to assign the followintadé physical parameter values and are
adopted as [3, 12]:

dp _

ga:o,a:’ZT, H=1,y=3,B=1Fr=03=05m=1Re=07,a=b=05

x=0 d=1
These values kept as common in the entire studgpéxfor the varied values as
displayed in figures 2 to 22.

Pressure rise per wave lengthp):
Figures 2 to 8 give the variation in pressure peewave length&p) versus volumetric
flow rate @) for different values of parametdssy, Fr, a, H, m. Figure 2 shows the effect
of ‘B’ on pressure rise. The pressure rise graduallyedses with increase of volumetric
flow rate ©’, where as the pressure rise increases with ttrease of slip parametds’.
The pressure rise increases with the increaseugflestress parametgin the pumping
region (Ap >0) and decreases in the co-pumping regip € 0). From the figure 3, it is
observed that the convergence/oflue is obtained at
6=2.

Figure 4 displays the effect of Froudenber Fr) on Ap. The pressure rise per

wave length decreases whEnincreases. This happens due to the presence tértine
Fr in the denominator of equation (10). T increases with increase of inclinatian)(

and is observed from the figure 5 that there isakdnterval of increase for every
15’ inclination.
Figure 6 represents the effect of Hatmaumber ) on Ap. The pressure rise

per wave length is proportional té in the pumping regio{p >0), and is inversely
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proportional to the co-pumping region, ie, a negagpumping is observed. It is also
observed thatAp decreases with increase of Hall parameter valye ds shown in the
figure 7, atd=2.

Figure 8 indicates the effect of phadfeince ¢) on Ap. The pressure rise per
wavelength is higher for higher phase differencevilien® approaches higher value the
role of phase difference dp get decreases.

6 ! : \_ —=—Fr=0.1
5‘\ —=—p =0 5~\o\.\ +E:;g§
JTYy e g T
3 \- & 3 '\.\.\

N \ 2 \. "~
2 \' . \.\-\
' \'\ 0 NN
° \\! . 1 o 1 2 é

Figure 4: Variation in Pressure rise

Figure 2. Variation in Pressure risé&p Ap with 0 for different values ofr.
with 6 for different values of.
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Figure 5. Variation in Pressure rise
Figure 3: Variation in Pressure risdp Ap with 8 for different values ofa.
with 0 for different values of.
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Figure8: Variation in Pressure ridegp with 6 for different values of.

Pressure gradien([%):
dx

The variation in pressure gradient , along thaladistance over one wave length for
different values of physical paramet@tsy, Fr, a, H, m are ploted in figure 9 to 15. From
these figures we note that through the regi@n(0.2, 0.8), the channel path is narrowed
and the flow cannot pass easily. Therefore it iregumore pressure gradient to make it
as normal flow. In the wider part of the chanret (0, 0.2) andk € (0.8, 1.0) fluid can
pass easily because of the lower pressure gradi@nire 9 shows the effect of slip
parameter ) on pressure gradient. We observe that the vdlsipoparameter increases
the magnitude of the axial pressure gradient alsieases slightly. The pressure gradient
also increases with increase of couple stress pesyand is illustrated in figure 10.

Figure 11 depicts the effect of Froudenber Fr) on pressure gradient. When
Froude number increases, the pressure gradiengelisncreases in the wider region and
decreases in the narrow region of the channel.r&i@@ presents the effect of pressure
gradient on inclinationo(); no remarkable change in pressure gradienthisereed with
change .

Figure 13 shows the effect of Hartmammber,H (magnetic parameter), on
pressure gradient. Increase of Hartmann numbeowvisll the increase of pressure
gradient. It shows that when strong magnetic figldpplied to the flow field then higher
pressure gradient is needed to pass the flow. rEiglt suggests that fluid pressure can
be controlled by the application of suitable magnfi¢ld strength. This phenomenon is
useful during critical surgery to control excessbleeding. In figure 14, when the Hall
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parameter () increases, the pressure gradient decreasesiyppsitm<3 and negative,
at m>3). Figure 15 illustrates that a lesser amofipressure gradient (dp/dx) is required
to pass the flow through the channel when phaserdifce ¢) increases.

7N\
1S o S RN

—®&—Fr=0.2

o

= N — N
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X

Figure 9: Variation in Pressure

gradientdp/dxfor different values of. Figure 12 Variation in Pressure

gradientdp/dxfor different values ofi.
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Figure 13. Variation in Pressure

Figure 10: Variation in Pressure ; :
gradientdp/dxfor different values ofl.

gradientdp/dx for different values of.
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Figure 11: Variation in Pressure gradienFigure 14: Variation in Pressure gradient
dp/dxfor different values ofFr. dp/dxfor different values oin.
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Figure 15: Variation in Pressure gradienlp/dx for different values o

Velocity profile (u)

Figures 16 to 22 give the distribution of axialoaty ‘u’ versus height of the channel 'y’
for various parameters. Figure 16 shows the effdctlip parameterf{) on velocity
profile. The velocity profile increases as slip graeter increases. However from figure
17, we observe that the velocity profile decreasesouple stress parametg@rificreases.
Figure 18 presents the effect of Froude numBe) 6n velocity profile. The velocity
profile decreases with an increase of Froude numbigure 19 represents that the
velocity profile increases ag increases and it is obvious that when the angle of
inclination of the channel increases the velocitthe fluid increases.

Figure 20 shows the effect of Hartmanmber @) on velocity profile. The
velocity profile decreases as the values of Hartmaomber increases, whereas it
increases with the increasing values of Hall patarm@) and is shown in figure 21.

From figure 22 we observe that at the lolaf of the channel there is a shift in the
velocity in the reverse direction to the phase @ahnd the shift is found to be
proportional to thah value. But at the upper half of the channel tHeotfof phase on
velocity get decreases and it gets nullified at dpper wall of the channel. It is quite
interesting to confirm this result with standarndidl dynamics statement that the velocity
goes on increasing from lower to upper layer offthiel.
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-
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0.02 —e—pB=05
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0.00

T T T T T
-1.5 -1.0 -0.5 0.0 0.5 1.0 15

Figure 16: Variation in axial velocity for different value$ B.
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Figure 17. Variation in axial velocity for Figure 20. Variation in axial velocity for

different values of. different values ofl.
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Figure 18: Variation in axial velocity for

different values ofr. Figure 21: Variation in axial velocity for

different values ofn.
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Figure 19: Variation in axial velocity for Figure 22: Variation in axial
different values af. velocity for different values of.

4. Conclusions

The present study of MHD peristaltic flow of couplgess fluid in an inclined channel
with Hall effects are taken into account. The mainservations of this work are
summarised as follows:
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The pressure rise per wave lengp” increases in all pumping regions when slip
parameter3’ and angle of inclinationd’ increases, where as it decreases when
Froude numberFr’ increases.

The pressure rise per wave lenglfp” decreases in the retrograde region and it
increases in the co-pumping region when the Halipater m’ increases.

The pressure gradiemip/dx increases in the narrow part of the channel and it

decreases in the wider part of the channel withesming values of, a andH.

» The pressure gradiedp/dxdecreases when Hall parameateincreases.

* A lesser amount of pressure gradient (dp/dx) isiired to pass the flow through
the channel when phase differen¢gificreases

» Increased values of slip paramgen andm, increases the velocity profile

» Velocity profile decreases when couple stress patany, Fr and Hartmann
number H’ increases.

* Our findings on the influence of magnetic paramétErtmann number, H) on the
pressure gradient suggests that the pressurelofdasfich as blood, etc., can be
controlled by applying suitable magnetic field, wlhimay have a potential
application in critical surgery for controlling eessive bleeding of blood.

Acknowledgement. The author thanks the anonymous reviewers forr thaiuable
comments which lead to the improvement of the paper

REFERENCES

1. N.T. Eldabe, S.M. Elshaboury, Alfaisal A. Hasan ah@d. Elogail, MHD Peristaltic

Flow of a Couple Stress Fluids with Heat and Masan3fer through a Porous
Medium, Innovative Systems Design and Engineerth(2012) 51-67.

N. T.M. El-dabe, Sallam N.S, Mona A.A, Mohamed Yakd Assmaa A.H, Effects
of chemical reaction with heat and mass transfepenistaltic flow of jeffrey fluid
through porous medium in an inclined asymmetricnoleh with hall currents,
International Journal of Applied Mathematics andyBits,3 (2011) 155-167.

M. Gnaneswara Reddy, K. Venugopal Reddy and O.Dkimdie, Hydromagnetic
peristaltic motion of a reacting and radiating deuptress fluid in an inclined
asymmetric channel filled with a porous mediukiexandria Engineering Journal
55 (2016) 1841-1853.

A. Govindarajan, E.P. Siva, and M. Vidhya, Camald effect of Heat and Mass
transfer on MHD peristatile Transport of auple stress fluid in a inclined
asymmetric channel through a porous medilmernational Journal of Pure and
Applied Mathematicsl,05 (2015) 685-707.

T. Hayat, Maryam Igbal and Humaira Yasmin, Halleefs on peristaltic flow of
couple stress fluid in an inclined asymmetric cl@ninternational journal of
Biomathematics{ (2014) 1450057(34 pages).

Khalid Nowar, Peristaltic flow of a nanofluid undre effect of Hall current and
porous medium Hindawi Publishig Corporation, Mathematical Prephs in
Engineering(2014) 389581 (15 pages).

M. Kothandapani and S. Srinivas, Non-linear peltistaransport of a Newtonian
fluid in an inclined asymmetric channel throughorqus mediumPhysics Letters A
372 (2008) 1265-1276.

60



10.

11.

12.

13.

14.

15.

16.

MHD Peristaltic Transport of Couple Stress FluidamInclined Channel with Hall
Current and Slip Flow

T.W. Latham, Fluid motion in a peristaltic punfMS thesis), MIT Cambridge
(1966).

Kh.S. Mekheimer, Effect of the induced magnetitdfien peristaltic flow of a couple
stress fluigd Physics Letters /872 (2008) 4271-4278.

Nirmala P.Ratchagar, V.Balakrishnan and R. Vas&uthmari, Effect of Hall current
in oscillatory flow of a couple stress fluid in &tlined channelAnnals of Pure and
Applied Mathematicsl6 (2018) 151-169.

S.Ravikumar, MHD peristaltic transportation of andacting blood flow with porous
medium through inclined coaxial vertical channdnternational Journal of Bio-
Technology8 (2016), 11-26.

G.C.Sankad and G.Ramakrishnamacharya, Effect ohetigfield on the peristaltic
flow of couple stress fluid in a channel with watbpertiesInt. J. Biomath4 (2011)
365-378.

A.H.Shapiro, M.Y.Jaffrin and S.L.Weinberg, PeriStal pumping with long
wavelength at low Reynolds numbedournal of Fluid Mechanics37 (1969) 799-
825.

G.C.shit and M.Roy, Effect of slip velocity on pasltic transport of a magneto-
micropolar fluid through a porous non-uniform chehint. J. Appl. Comput. Math
1 (2015) 121-141.

B.V.Swarnalathamma and M.Veerakrishna, Peristelémodynamic flow of couple
stress fluid through a porous porous medium urlderifluence of magnetic field
with slip effect International conference on Condenced Matter Apglied Physics,
AIP Conf. Proc020603 1-9.

M.Verrakrishna and G.Dharmaiah, Hall effect on MHiDIsatile flow through a
porous medium in a flexible channdinternational Journal of Advances in
Engineering and Technolog§,(2013) 1552-1563.

61



