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ABSTRACT

Peristaltic pumping of a conducting Jeffrey fluid in a vertical porous channel with heat transfer
is presented. The perturbation method is used to find the solution. The expressions for
temperature, velocity, pressure rise and volume flow rate are obtained. The effect of various
parameter s on the temper ature and the pumping characteristics are discussed through graphs.
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INTRODUCTION

Peristaltic motion in a channel/tube is now knovenaam important type of flow occurring in
several engineering and physiological processes phristalsis is well known to the
physiologists to be one of the major mechanism8uad transport in a biological system and
appears in urine transport from kidney to bladtieough the ureter, movement of chyme in the
gastrointestinal tract, the movement of spermatorodhe ductus effeerentes of the male
reproductive tract and the ovum in the female fada tube, the transport of lymph in the
lymphatic vessels and vasomotion of small bloodselss such as arterioles, venules and
capillaries. Such mechanism has several applicatiorengineering and in biomedical systems
including roller and finger pumps.

The need for peristaltic pumping may arise in amstances where it is desirable to avoid using
any internal moving part such as pistons in pumpgireress. After the experimental work of
Latham [1] on peristaltic transport, Shapiro et[2].made a detailed investigation of peristaltic
pumping of a Newtonian fluid in a flexible chanragld a circular tube. Sud et al. [3] analyzed
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the pumping action of blood flow in the presencea ohagnetic field. Even though it is observed
in living systems for many centuries, the matheoahtmodeling of peristaltic transport began
with trend setting works by Shapiro et al.[4] usimgve frame of reference and Fung and Yin[5]
using laboratory frame of reference.

Hayat et al. [6] studied the peristaltic flow ofrécropolar fluid in a channel with different wave
frames. Hayat and Ali [7] investigated the peristainotion of a Jeffrey fluid under the effect of
a magnetic field. Vajravelu et al. [8] studied fheristaltic transport of a Casson fluid in contact
with a Newtonian fluid in a circular tube with pezable wall. In physiological peristalsis, the
pumping fluid may be considered as a Newtonian no@ Newtonian fluid. Kapur [9] made
theoretical investigations of blood flows by coresidg blood as a Newtonian as well as non-
Newtonian fluids.

Radhakrishnamacharya and Srinivasulu [10] studieel influence of wall properties on

peristaltic transport with heat transfer. Mekheinard Abd Elmaboud [11] analyzed the
influence of heat transfer and magnetic field onigtatic transport of Newtonian fluid in a

vertical annulus. Hayat et al. [12] studied thesefffof heat transfer on the peristaltic flow of an
electrically conducting fluid in a porous spaceiskna Kumari et.al[13] studied the peristaltic
pumping of a magnetohydrodynamic casson fluid innafined channel. Ravi Kumar et.al[14]

considered power-law fluid in the study of peristalransport.

In this paper, peristaltic flow of a conductingfdey fluid in a vertical porous channel with heat
transfer is studied. Using the perturbation techejgthe nonlinear governing equations are
solved. The expressions for velocity, temperatune the pressure rise per one wave length are
determined. The effects of different parameters tbe temperature and the pumping
characteristics are discussed through graphs.

MATHEMATICAL FORMULATION

We consider the motion of a MHD Jeffrey fluid intv@o-dimensional vertical porous channel
induced by sinusoidal waves propagating with canisspeed ‘c’ along the channel walls. For
simplicity, we restrict our discussion to the halfith of the channel. We assume that a uniform
magnetic field strength Bis applied as shown in Figure .1 and the inducedneiic field is
assumed to be negligible.

The wall deformations are given by

Y=H (xt)= a+bcos(27” &k —ct )j (right wall) 1)

Y =-H (x,t):—a—bco{ZTH (x—ct)} (left wall) (2)

where 2a is the width of the channel, b is ampétafithe waves and is the wave length.

The constitutive equations for an incompressibfgeefluid are
T=-pl+s (3)
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s=—H Lmzy] 4

whereT and s are Cauchy stress tensor and extra stress texsmeatively,p is the pressure,

is the identity tensod, is the ratio of relaxation to retardation timéss the retardation time
Is shear rate and dots over the quantities indtiffierentiation with respect to time.

=
!
S 4 -7
i u\
“‘l—.=H T "=H
T l T
4 4 4 474 4 4 4
I
Figure .1 Physical model
In_Iaborgtory frame, the continuity equation is
LN _, (5)
oX aYy
The equations of motion are
—oU —oU 0P 0Sx  0Sw H—
{ dX OY} X ox oy k- PerTTT) ©)
Py Ua—g+\76—g - 9P ,0Sv  OSw -Hy (7)
0X oY o0X 0X ay Kk
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The equation of energy is

2: 2- —
£,C, [U 61 +V OT} k (—a LI T)+2 aU GV + U 6_V+6_U +£U2 (8)
0X aY dX aY ax OY oX oY Kk

The boundary conditions on velocity and tempegatigids are
U=0and T=T,atY=H(X)
au oT

=0and —=0atY=0 (9)
oY oY

whereU , V are the velocity components in the laboratory fra(rie\_(), P, is density,u is the

coefficient of viscosity of the fluidc, is the specific heat at constant pressure,is the

coefficient of linear thermal expansion of the dluik, is the thermal conductivity, k is
permeability and T is temperature of the fluid.

We shall carry out this investigation in a coordenaystem moving with the wave speed c, in
which the boundary shape is stationary. The coatdsiand velocities in the laboratory frame

(X Y) and the wave framex y) are related by
X=X - cty Y,u=U-c,v= Vp P(xt)

whereu,v are the velocity components aqg P are the pressures in wave and fixed frames.

Eguations (5)-(9) can be reduced into wave franfelbsvs
Ju ov

—+—==0 10

ox ay (10)
- ou —au ap anx asxy M (=

_H T-T 11

p{(w)ax ay} 08,955,985 _M(i10)+ pga(r-T) 1)

p{(aﬂ;)av —av} ap 6Sxy 69 ,u

) (12)
ox oy ay ox ay k

aT - aT 0°T 97 u) [ov av oul L U=
o) +vZl 9.9 Lol & + + 1
C, {(u c) vl y} k{ = yZ} 2,11{( XJ [ yj} ,u[ o y) (u c) (13)

Boundary conditions in wave frame are

u+c=0and T =T, at y=H(x)

a—“_o and 2T =0at y=0 (14)
ay oy

we introduce the following non—dimensional quaesti
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_ B — ]
_Z_W,yzl,uzﬂ,vzl,a_@’ _277ap,t ot ,h H_’
A a C co A ) A a
S ag(T,-T,)a°
5225 9= 522yl Togr-T)+T, Gr = 9(T. - T, ,
HC a k Po e
C 2
Prz_le:poca:Eanﬂ,EC:C—’N:ECP[ (15)
Ko “ oy R c,(T.-T,)

where R is the Reynolds numbe¥, is the dimension less wave number,is the permeability
parameter, Gr is the Grashof number, Pr is thed®@rammber, y is the Kinematic viscosity of
the fluid, Ec is the Echet number and N is theybgtion parameter.

The basic equations (10)-(13) can be expressdteindn-dimensional form as follows
du  ov

x oy 0 16
ox dy (16)
0
R (u+) 2 =00, B 5, B 22+ 66 (17)
ox oy X 0x ay
0
oR (u+1)ﬁ+ NI 9P, %52 WJ (o2 +M v (18)
ox oy x  ox ay
2 2
OPIR (u+])%+ 90 |_|070 5, 00| 552 (au] ovY
ox oy [oxt oy’ ox) oy (19)
+N(a—26v+auJ +N(02+M2)(u+1)2
ox oy
where
Sk = 20 |4, 94,0 VO U
1+ 4 a | 0x oody)|ox

S, = 1+5Azcu6+v6 @M@
1+)I a ox Jdady)|\dy  OXx

-20 oAc( @ v )ldu
= 1+ =2
Sy = 1+)l_

And

8, _ 1 o
dy ), . 1+ 0y

The non-dimensional boundary conditions are
u=-1and =1 at y=h

a ox JOoy)|oy
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6—u:O and ?:0 a y=0 (20)
y

oy
Using long wave length approximation and droppergis of orderd and higher ,

It follows equations (17) to (20) are

2
=P, 10U (2 iMEyu+1)+GO (21)
ox 1+A dy
O:—@ (22)
oy
2
o:a—‘29+N(@)2+|\|(az+|v|2)(u+1)2 (23)
oy oy
u=-1and =1 at y=h
Moo and -0 a y=0 (24)
oy oy

The dimensional volume flow rate in the laboratangl wave frames are given by
h(xt) h(x)

Q= [UX,Y.ndY , a= [u(xy)dy

0 0
and now these two are related by the equation
Q =q+ch(x)

The time averaged flow over a period T at a fixedifpon X is

Q = Qdt

1
=

o—

SOLUTION OF THE PROBLEM

Equations (21) and (23) are non-linear becausedbetain two unknowns u anfl which must
be solved simultaneously to yield the desired viglqurofiles. Due to their nonlinearity they are
difficult to solve. However the fact N is small most practical problems allows us to employ a
perturbation technique to solve these non-lineaaggns. We write

u=u, + Nu,
0=6,+Ng, (25)

Using the above relations, the equations (21), é28)(24) become
A tNp) 1 9%(up* Nuy

0= -
dx 1+ oy’

(0% + M?)(U, + Nu, +1)+ G (8, + N&,) (26)
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) 2
0= T NG) | | Ol *NU) 1 52 1 M2, + Ny, +17 (27)
oy oy
U+ Nu=-1 and f,+Ng =1 at y=h
O N _ ¢ gng 2% NG 5 5 y= 0 (28)
oy ay

Zeroth order solution
By comparing constant terms on both sides of thevalequations we get the zeroth order
equations as below

dp, , 1 0°u,

0=- - (0% +M?)(u, +1)+GE 29
o ey @ MO D GE, (29)
2
=2% (30)
oy
u=-1and g,=1 at y=h
% _g and 2% -0 at y=o0 (31)
oy oy
Solving the equations (29) and (30) with the boupdanditions (31), we obtain
dp, dp, |,
. _a_G coshp 1+/11y_a+,3 -G 2
° B coshB 1 Ah Vi
90 =1 (33)

wherep =,/(a? + M?)

Using the relation (7.25) we obtain zeroth order dimensssnteean flow in the laboratory and
in the wave frame

Qo = fohuo dy =R +1
& snhg/#Ah  h)  Gs o) ¥Ah WA -G 2
o | B 1+4 coshp[¥Ah B ) FxA cosBf WAh S .

The pressure gradient is given by
Gsinhf1+Ah  h(B*-G)

F
dp, ~ ° B°J1+ A, coshB. 1+ Ah B’
dx sinh 8. /1+ A,h h
B3J1+ A, coshB /1 Ah pB°
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Gsinhp1+A4h  h(s’-G)

—_ 1+
~ a B3J1+ A, coshB [+ A.h B’ (35)
sinh f{/1+ A;h _h
Bi\J1+ A, coshB /1 Ah  B*
The non-dimensional zeroth order pressure rise/engoy
1 dp
Ap, = | —>dx 36
Po 'c[ ax (36)
Time mean flow (time averaged flow rate), = % fOT Qo dt =R +1 (37)

First order solution
From equations (7.26), (7.27) and (7.28) we ohtanfirst order equations

2
0=-TP, 1 OW_ iy 4ch, (38)
dx 1+A, dy
5 2
08 [ By (g2 M)y, +1) (39)
oy oy
u =0 and =0 at y=h
Mg oand %-0 a y=0 (40)
oy oy

Solving the equations (38) and (39) with the usbafndary conditions (40) we obtain
hB, A -
. :dp{ coshBy[ T Ay _LJ+(GA<A8+A9) AlOJCOSh,B\/l"_/hy+A&o

"7 dx | B2coshB B AN B cosiB,/ £ Ah

—GA(—%yZ—S;Z cosh 28 llr)lly+%1/ *A,ySn B })Ilyj

Q:A&(Azy?z—Ascosh%ﬂ/ ¥ Ay+A, cosify iAlyj+D; (42)
dp, _ ?
(dx Gj AZ — Al —
B " 2cosk B Ah

_ 2+, A= 2
84° (1+ A, ) coshi B/ ¥ A h B (L+ A,) coshBy ¥ Ah

(41)

where A =

A
2
B 1+ 4)

B el A [#ih A =" A+ ihsi
A= 2,32h 3lgzcosh$ llr)llh’A, 25 1+ Ahsinhg,/ 1+ A h

D,=A(A-A-A) A=AcoshBELh A=A A=
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Ao =3(—’*A2 + Dzj

B\ B+ A)

Using the relation (7.25) we obtain first order dimsionless mean flow in the laboratory and in
the wave frame

h
Q= kK= J.Ul dy
0
d
I:1 = d_F))(1 A.Ll + A12_ GA1( A13+ Au) + Alb (43)

The pressure gradient is given by

dp, _(F-A.+GA(As+A)-Ah)

dx A,
_ (Ql_A&2+GA12A13+ AlA)_Alp) (44)
where

A, =

Sinhpfirdh b, _(GA(A*A)-A,|SInhAI+ A
CFf+A Coshgfwah B

Coshg,/ I+ A h B B A
_ __ A s _ASinh2g/1+Ah
Ny h Coshf,/1+Ah _Sinhg ll-/llh A, 6ﬂ2h 65" 1+ A

2p ByL+A, (B1+4,) ’

The non-dimensional first order pressure risavsmgby
1

ap, = [P ax (45)

The expression for the velocity is given by
u=u, +Nu, (46)

whereu, andu, are given by the equations (32) and (41)

The expression for the temperature is obtained as
0=6,+N§g, (47)

where g, and g, are given by the equations (33) and (42)

The expression for the pressure rise is
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Ap =Ap, + NAp, (48)
where Ap, and Ap, are given by the equations (36) and (45)

RESULTSAND DISCUSSION

Temperature is calculated from the equation (4&ttwoy the effects of various parameters such
as permeability parameter, material parametgideffrey parameter), Grashof number Gr,
Reynolds number R and perturbation parameter N on

Figure.2 is drawn to study the effect of Jeffreygmaeter on the temperature with fixed values of
the remaining parameters. It is observed thatahgerature increases with increasihg. The

curve A, = 0 corresponds to Newtonian fluid.

The effect of permeability parameter on the temperature is studied from figure. 3.slt i
observed that the temperature decreastsincreasingo.

From figure .4 it is noticed that the temperatureréases with increasing Grashof number Gr
with fixed a = 0.5, b = 0.50 =01, x =0, M = 5. It is observed from figure .5, thatet
temperature decreases with increasing values ohd®eéy number R. The effect of perturbation
parameter N on the temperature is shown in fighirdt is noticed that the temperature increases
with increasing N. Figure .7 is plotted to study teffect of magnetic parameter M on the
temperature. It is observed that the temperatureedses with increasing magnetic parameter M.
Using equation (47) we have calculated the varatibtime averaged flug with AP

For different values of Jeffry parametdy witho =0.8,0 =0.2,N =0.1,6Gr = 0.1,R =
0.1and M =1 as shown in Figure .8. It is observed that thesquree riseAP decreases when
Q increases. Also it is noticed that for a given miaw, AP increases with increasirg.

Figure .9 shows the variation of pressure figewith time averaged flug for different values
of N with @ =0.85 =0.2, ;= 1, Gr=0.1, R = 0.1 and M=1. It is observed thatpressure rise
Ap decreases whe increases. Also for a gived, Ap increases with increasing N. For a fixed
Ap the mean flow) increases with increase in N.

The variation of pressure rigg with time mean flow rat for different values of permeability
parametets with @ =0.8, N=0.14,= 1, Gr = 0.1, R =0.1 and M=1 and is shown in fegutO. It

is shown that the pressure rise decreases witim¢hease in the mean flow rate. Also for a fixed
Q pressure ris&p decreases whenincreases. It is observed that for a fixed pressiseAp, Q
decreases with the increasesin

The variation of pressure rigg with time averaged volume flow ragefor different values of
Magnetic parameter with @ =0.8, N=04,~ 2, Gr = 0.1, R =0.1 ansl=1 and is shown in figure
.11.1t is observed that for a giveyp, Q increases as the Magnetic Parameter M increasss.itAl
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is observed that an increase in Magnetic ParanMtancreases the peristaltic pumping rate,
pressure rise in pumping region.
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Figure.2 Temperature profilesfor different values of Jeffrey parameter 4, with fixed
d d

¢=10,6 =05N=0.1,6r=01,R=01,M = 5,ﬂ = —1,ﬁ =-1
dx dx
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Figure .3 Temperature profilesfor different values of permeability parameter o with fixed

¢=10.0=051,=1,N=0.1,6r=01,R=01,M= 5,% = —1,% =-1
dx dx
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Figure .4 Temperature profilesfor different values of Grashoff number with fixed
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Figure .5 Temperature profilesfor different values of Reynolds number with fixed

¢=10,06=051=1,N=016r=01M=52%=_1%__14
dx dx
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Figure .6 Temperature profilesfor different values of Perturbation parameter with fixed
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Figure.7 Temperature profilesfor different values of magnetic parameter with fixed
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.

Figure.8.Thevariation of Ap with C_Q for different values of A, with
9=080=02N=01Gr=01,R=01LM =1_

15

N=030201

e

ap 0.2 04 ¢ 0.6 3

Figure .9. Thevariation of Ap with afor different values of N with
A =LGr=0LR=01M =1

Acknowledgements
One of the authors Dr. Sreeandhthanks DST,New Delhi for providing financial supp

through a major research proji

452
Pelagia Research Library



S.V.H.N.KrishnaKumari. Pet al Adv. Appl. Sci. Res., 2011, 2(6):439-453

REFERENCES

[1] Latham, T.W.1966, Fluid motion in a peristaltic pump. M.SC, Theszambridge, Mass:
MIT-Press.

[2] Shapiro, A.H., Jaffrin, M.Y and Weinberg, S.0. Fluid Mech ,1969,. 37, 799-825.

[3] Sud, V.K., Sekhon, G.S. and Mishra, R.K., Bull. MaBiol ,1977,. 39, no. 3,385-390.

[4] Shapiro,A.H., ,Proceedings of the Workshop in UadtReflux in Children1967,109-126.

[5] Yin, F. and Fung, Y.CTrans. ASME J. Appl. Mech.,1969, 36, 579-58.

[6] Hayat,T.,Khan,M.,Siddiqui,A.M.,and AsgharGommunications in Nonlinear Science and
Numerical Smulation, 2007,12,910-919.

[7] Hayat, T and Ali, N.Physica A: Satistical Mechanics and its Applications,2006, 370,225-
239.

[8] Vajravelu,K.,Hemadri Reddy .R., Murugesan, Ikt., Jr. of Fluid Mechanics Res.,2009,36,
Issue 3, 244-254.

[9] Kapur,J.N.,Mathematical Models in Biology and Meaxd&1985,Affiliated East — west press
Pvt.Lts,New York.

[10] Radhakrishnamacharya, G. and Srinivasulu,CHRr, Mec.,2007,335,.369-373.

[11] Mekheimer, Kh.S. and Abd Elmaboud, Rhys. Lett. A,2008, 372,1657-1665.

[12] Hayat.T, Umar  Qureshi,M., Q.Hussain.Q.,Applied Matiatical Modelling
2009,33,pp.1862-1873.

[13] S.V.H.N.Krishna Kumari,P.,Ramana Murthy,Chenna Kms Reddy,M., Ravi Kumar
Y.V.K.,Advances in Applied Sci.Res.,2011,2(2),428 — 436.

[14] Y.V.K.Ravi Kumar,S.V.H.N.Krishna Kumari,P., M.V.Rama Murthy,S.Sreenadh,
Advancesin Applied Sciences,2011,2(3),396 — 406

453
Pelagia Research Library



