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ABSTRACT

An attempt is made to study the peristaltic motion of incompressible micropolar fluid through a porous mediumin a
two-dimensional symmetric channel. The effects of heat absorption and chemical reaction in the presence of
magnetic field have been reported. This phenomenon is modulated mathematically by a system of partial differential
equations which govern the motion of the fluid. The flow analysis has been devel oped for low Reynolds number and
long wavelength case. The expressions of the stream function, velocity, microrotation velocity, temperature and
concentration are obtained as functions of the physical parameters of the problem. The results have been discussed
graphically to observe the effects of heat absorption, chemical reaction and magnetic field in the presence of
micropolarity effects through a set of figures. It is found that both the linear velocity and microrotation velocity
decrease with increasing values of the micropolar fluid material parameter (IM). The effect of increasing the values
of porosity parameter and magnetic parameter isto suppress microrotation velocity and enhance the linear velocity.
It is also observed that an increase in the values of the coefficient of heat absorption parameter decreases the
temperature field and increases the concentration field.

Key words: Peristaltic motion, Micropolar fluid, Porous mediu@hemical reaction, Symmetric flow.

INTRODUCTION

Peristaltic motion is a phenomenon that occurs wégransion and contraction of an extensible tube fiuid
generate progressive waves which propagate alangetigth of the tube, mixing and transporting thudfin the
direction of wave propagation. It is an inherenbgarty of many tubular organs of the human bodysdme
biomedical instruments, such as heart-lung machipesstaltic motion is used to pump blood and othielogical
fluids. Peristaltic pumping is a form of fluid trsport generally from a region of lower to higheegsure, by means
of a progressive wave of area contraction or expansvhich propagates along the length of a tube $tructure.
Some electrochemical reactions are held responfgibliis phenomenon. This mechanism occurs inlswalg of
food through esophagus, in the ureter, the gastestinal tract, the bile duct, and even in smialbd vessels. It has
now been accepted that most of the physiologicédi$l behave like a non-Newtonian fluids. The patiist flows
have attracted a number of researchers because®fgplications in physiology and industry.

The study of heat and mass transfer for an elatiiyiconducting micropolar fluid past a porous elainder the
influence of a magnetic field has attracted theregt of many investigators in view of its applicas in many
engineering problems such as magnetohydrodynamidD)Mgenerators, plasma studies, nuclear reactdts, o
exploration, geothermal energy extractions, andthendary layer control in the field of aerodynasnic
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The combined heat and mass transfer problems Wwiémizal reactions are of importance in many prezessd,
therefore, have received a considerable amourtteriteon in recent years. In processes, such asgjrgvaporation
at the surface of a water body, energy transfer et cooling tower, and the flow in a desert cndlee heat and
mass transfer occurs simultaneously.

Convection problems associated with heat sourcekinviluid-saturated porous media are of great tizak

significance, for that there are a number of pcattapplications in geophysics and energy-relatetllpms, such as
recovery of petroleum resources, geophysical flmes)ing of underground electric cables, storageumfiear waste
materials groundwater pollution, fiber and granutesulations, solidification of costing, chemicaltalytic reactors,
and environmental impact of buried heat generatiagte.

Due to complexity of fluids, several models haverbproposed in the literature. Amongst the severalels of real
fluids, the simplest one is the Newtonian. Equatiorhich govern the flow of Newtonian fluids are tRavier—
Stokes equations. But there are many fluids whadetior cannot be described by the classical NaStekes
model. The inadequacy of the theory of Newtoniaidf in predicting the behavior of some fluids, exsplly those
of high molecular weight leads to the developmédman-Newtonian fluid mechanics. Undoubtedly, tloewverning
equations for non-Newtonian fluids are of highedesr much more complicated and subtle in comparisith

Newtonian fluids.

In some biomedical instruments, such as heart-laaghines, peristaltic motion is used to pump blaad other
biological fluids. It plays an indispensable rofetransporting many physiological fluids in the ad various
situations such as (i) urine transport from thenkiglto the bladder through the ureter, (ii) tramspbspermatozoa
in the ductus efferentes of the male reproductraett (i) movement of ovum in the fallopian tubgsv)
vasomotion of small blood vessels, (v) mixing arahsporting the contents of the gastrointestinabage, and so
forth. Peristaltic pumping mechanisms have bedisedi for the transport of slurries, sensitive orrosive fluids,
sanitary fluid, noxious fluids in the nuclear inthys to name but a few examples. It is well-knovratt many
physiological fluids behave in general like suspems of deformable or rigid particles in a Newtanftuid. Blood,
for example, is a suspension of red cells, whitks @nd platelets in plasma. Another example isvical mucus,
which is a suspension of macromolecules in a wéerliquid. In view of this, some researchers haxed to
account for the suspension behaviour of biofluigsdnsidering them to be non-Newtonian.

Past five decades considerable attention has bemrsdd on the peristaltic transport of Newtoniad aon-
Newtonian fluids through tubes/channels. Such flanes significant in both theoretical and industpelspectives.
Peristaltic transport widely occurs in many biokadisystems for example, food swallowing througheksophagus,
intra-urine fluid motion, circulation of blood inm&ll blood vessels and the flows of many other dléar ducts.
Several theoretical and experimental studies haem lndertaken to understand peristalsis througkpabhanges
in geometry and realistic assumptions. Kavithale{1j investigated peristaltic flow of a micropoldluid in a
vertical channel with long wavelength approximati®eristaltic motion of micropolor fluid in circulzylindrical
tubes: effect of wall properties has been done byhM et al. [2]. Sreenadh et al. [3] reportedpbastaltic flow of
micropolar fluid in an asymmetric channel with peahle walls. On the influence of wall propertiestie
peristaltic motion of micropolar fluid are introcedt by Muthu et al. [4]. Mekheimer [5] studied then-linear
peristaltic transport of magnetohydrodynamic flawan inclined planar channel.

Elshehawey et al.[6] investigated the peristaltensport in an asymmetric channel through a poroedium.
Elmaboud [7] discussed the thermomicropolar fld@vfin a porous channel with peristalsis. El-dabeal. [8]
reported the heat absorption and chemical reaefif@ets on peristaltic motion of micropolar fluidkrbugh a porous
medium in the presence of magnetic field. Muthwalet[9] studied the peristaltic motion of micropoléuid in
circular cylindrical tubes: effect of wall propex$i. Reddy et al.[10] studied the peristaltic $part of a conducting
fluid in an inclined asymmetric channel. Ali antlayat [11] have investigated the peristaltic flofva micropolar
fluid in an asymmetric channel. Muthu etal. [12}/&docused the peristaltic motion of micropolaidlin circular
cylindrical tubus: effect of wall properties. Sraeh et al. [13] studied the peristaltic flow of maipolar fluid in an
asymmetric channel with permeable walls. HarishiBand Satya Narayan [14] have investigated tHaente of
variable permeability andadiation absorption on heat and mass transfer HHDNMhicropolar flow over a vertical
moving porous plate. Hayat et al. [15] have stddienathematical model of peristalsis in tubesughoa porous
medium. Mishra and Rao [16] discussed the peristatinsport of a Newtonian fluid in an asymmeti@annel.
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Hemadri Reddy et al. [17] deal with the peristajtionping of a micropolar fluid in an inclined chahn Effect of
magnetic field and wall properties on peristaltiotion of micropolar fluid has been discussed byfiAdt al. [18].

Peristaltic flow of a Newtonian fluid through a pas medium in a vertical tube under the effect afjnetic field
has been studied by Vasudev et al. [19]. The effetthemical reaction, heat and mass transferooANewtonian
fluid flow through porous medium in a vertical pailtic tube has been discussed by El-Sayed EgGl.Peristaltic
flow of a Prandtl fluid in a symmetric channel undiee effect of a magnetic field has been studigddthi et al.
[21]. Akbar et al. [22] have discussed the peristdlow of a Prandtl fluid in an asymmetric chahrieandey and
Chaube [23] have investigated the effect of magnigid on the peristaltic flow of a micropolar ituthrough a
porous medium in a channel.

Recently, the peristaltic motion of non-Newtonidmd with heat and mass transfer through a poroediom in
channel under uniform magnetic field has been sty Eldabe et al. [24]. Eldabe and Mohamed [Ri]isd the
magnetohydrodynamic peristaltic flow with heat andss transfer of micropolar biviscosity fluid thgbua porous
medium between two co-axial tubes.

The objective of the present study is to consilergeristaltic motion of an incompressible micrepdluid through

a porous medium in a symmetric channel under tfeetsf of heat absorption and chemical reactioméngresence
of magnetic field with the assumption of long warejth and low Reynolds number. The expressiondre&rs

function, velocity, microrotation velocity, tempéuee and concentration are obtained. The effectsheffluid

parameters on velocity, microrotation velocity, tErature and concentration have been studied wéhhelp of
graphs.

MATHEMATICAL FORMULATION

Fig. (1). Geometry of peristaltic transport of micropolar fluid through porous medium in a symmetric channel
The symmetric flow of an incompressible micropdlaid through a porous medium in a symmetric chrrzes
been considered. The flow is generated by sinukeidse propagating with constant spegdlong the wall. A

uniform magnetic field B, is applied in the transverse direction of the flolw the analysis, the cartesian
coordinates K, Yy ) are taken, wher& is along the channel anyl is perpendicular to it as shown in fig.1.

The wall deformation is given by:

(2T
H :a+bsm(7(x—ct)j @
where a is the half width of the channelyis the amplitude of the wave]) is the wavelength andl is the time.

The equations governing the two-dimensional trartspb incompressible micropolar fluid through a pos
medium in vertical channel under the effect of metgnfield are:
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where U and Vv are velocity componentp is the density of the fluidP is the pressurek is the micropolar
viscosity, Q is the microrotation velocity// is the viscosity,klis the permeability of porous mediurg; is the
conductivity of the fluid,J is the microinertia constany, is material constan, is the specific heatk; is the
thermal conductivity, T is the mean fluid temperaturd)  is the coefficient of mass diffusivity), is the heat

absorption coefficient and(2 is the chemical reaction parameter.

Now, introducethe following non dimensional quantities as:

X*:l’y*:X’hzﬂ’t*:t_C’u*:E’V*:l’J:E’P*:P—a’Q*:g’J*:i’
A a a A c co A LUAC a a
T-T, ._¢-
g=1"T 5_9=0 ©)

T1 _To ¢1 - ¢o

Using equation (8) and dropping the star mark, etetlge non dimensional form of equations (3-7) as:

2 2 2 2472
Red Ua—u+Va—u :_@+56_Q+|('|'_/,1 526[:4_6[: - a_+UBOa u )
ox oy oX U oy Y7 ox- oy K, Y7
Reo?| U 4y =P, 5 KOQ KU OV, OV 53 (10)
ox oy dy U 0X U ox* oy k,
Reéﬂ—J ua—Q+va—Q =-2Q+ 52@—6—“ + 526Q+a Q 11
k| ox oy ox ody| ak ox’ oy’
RePJ u%w% = 52%+ﬂ -yPé (12)
ox oy ox: oy’
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5{u—¢+ %} [526¢+a¢}+5{5269+69}5¢ (13)
ox’ oy’ ox; oy’

For long wavelength (i.@ << 1) and low Reynolds number (il8e - 0) the system of equations (9-13) can be
reduced to:

1 ou, N 0Q_, _oP

S

[

— (14)
1-Noay* 1-N oy X
G_P =0 (15)
oy
_ 2
2 2N6_§22_@_29=0 (16)
m- dy" ody
2
9 f -yP6=0 117
oy
10,
— 0 18
S oy’ S S¢ = (18)
H H 2 — A2 2 2 a2 . . 2 JBOZaZ .
where N = is the coupling numbe)” =a; + M “,a; =—is the porosity parameteM “ = ——is
+ U K, U
. ,_ak(u+k) . c,
the magnetic parameteY =———————" is the micropolar parameteP = . is the Prandtl number,
Y, (y+ k)
D T -T
S =—H_ is the schmidt numberS, =M is the Soret numbeiRe= "2 is the Reynolds
po Tmﬂ(¢l _¢0) /j
_Qa’ . . ka - . _
number, ) = is the coefficient of heat absorption aBd= —— is the coefficient of chemical reaction.
uc, c
From equation (15), it is clear th& is independent ofy . Therefore equation (14) can be written as:
2
ou n*(1- N)u+Na—Q—(1 N)E—O (19)
6y oy dx
The dimensionless boundary conditions are:
ou__ 0Q
—=0,—=0,=0 and¢ =0 aty=0 (20)
oy 0y
u=-1,Q=0,=1land¢g=1aty=h (21)
Introducing the stream functiodg such that:
_9y
ay
Then equations (16) and (19) take the form:
2
o (NSNS p =0 @)
ay oy oy
_ 2 2
2 2N6§22_6£/21_ZQ:0 (23)
m- dy° oy
drP
where 1-N
P = Vo dx
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Using the conditionyy =0 at y =0, the general solution of equations (17), (18) (2@Jl (23) by using the
boundary conditions (20) and (21) are given by:

c,+2py

w - + ebzycz + e‘bzyc3 + ebzyc4 + e‘bzycs (24)
u= % + ebzybzcz - eibzybzc3 + ebzybac4 - eibzybscs + % (25)
1 1
e [e%bs (ewz (e¥c,+c, o, refbi(@e,+ cz)D rel i e, + e,
Q= (26)
bb,

tS’z%e(“‘y)mE (1+ ezyﬁﬁ)(—1+ coth[h\/;_/\/ﬁ}) (27)
4 yCsch| hy R |sinh| y\/yy/R |RSS +Csch[ WSS, |Sinh| VSy,/S |(SS. - R (v+/5S)) o8

VR+SS
whereC, — C,,b — b anda are defined in the appendix.

RESULTSAND DISCUSSION

The peristaltic motion of a viscous incompressibigropolar fluid through a porous medium in a synnoe
channel under the effects of heat absorption arndal reaction in the presence of magnetic fiedd been
considered in this paper. The resulting equatwimish control the motion of a micropolar fluid aselved by using
the mathematical program in the case of long wanggleand low Reynolds number. The stream functiefgcity,

microrotation velocity, temperature and concentratf micropolar fluid are obtained. The effectstod pertinent

parameters such as the coupling nuni¥erthe micropolar parametan, the pressure?, the coefficient of heat
absorptiory/, the porosity parametér , the coefficient of chemical reacti® the Schmidt numbé?sc, Soret

numberSr and the magnetic parametldt on these distributions are discussed by a setagfhgr:

The effects of pertinent parameters on the velaodiyribution are discussed through the figure€)2-In these
figures the velocity distributiotd is plotted against the coordinate Figure (2) exhibits the effect of the coupling

numberN . It is found that the velocity increases with ieesingN . The velocity at fixed values §f decreases
with an increase in the micropolar paramet@ét)(as shown in figs (3). It is seen from figure {Aat the velocity
Udecreases by increasing the pres$tireThe effects of the porosity paramefierand the magnetic parameter
M are shown graphically through the figures (5) a)d I these figures it is observed that velodityincreases
with the increase ofa, and M . Figures (7-11) exhibit the effects of the aboeeameters on the microrotation
velocityQ is drawn againsy . Figs (7) and (8) illustrate the effects of theigiing numberN and the micropolar

parametem. It is seen that microrotation veloci§2 at fixed values ofy decreases abl andmincrease, this
occurs near the center and the inverse effectdsrobd near the upper wall. Figure (9) revealsttieeffect of the

pressureP on the microrotation velocif . It is seen that the microrotation velodidjincreases by increasirg,
this occurs near the center and the inverse effentarked near the upper wall. Figures (10) ang ghbw the

variation of the microrotation velocifp for different values of the porosity parameerand the magnetic

parameteM . It is found that the microrotation veloci decreases with the increase in bahand M . This
occurs near the center and the inverse effect sceear the upper wall.
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Figure 17
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The effect of the different parameters on the taaipee distribution when plotted againgt is shown graphically

through figures (12) and (13). In these figures tdmaperatured decreases by increasing the coefficient of heat
absorption) and the Prandtl numbE}. The Prandtl numbeP is a dimensional number approximating the ratio
of kinematic viscosity (momentum diffusivity) andetrmal diffusivity.

Figure (14) shows the effect of the Schmidt numBeron the concentratiogp when plotted against. It is clear
that ¢ decreases by increasiBg. In figures (15) and (16) the concentratigh increase by increasing Soret

number S and the coefficient of heat absorptignFigure (17) represents the effect of the coeffitiof chemical
reactionS on the concentratiofi . It is observed thapp decrease by increasi%gy

APPENDIX:
_ 20 —b?)(2"*"™)p, (sinhpb, b, - sinhpb, b,) + (- 1™ k(- &™) (- 1™ )b, +bkk, b, |
b,b, (—2(1+ €2 + g — gl ) 4 @bt ) bb, +b?k Kk, + b§kJ<6)

b, (b, (" - 2¢™ +€>* )b, ~e™bk, ) + 2, ((~1-€ )bk, +bk k) p)

T on, (-2(1+ €™ +e™ - 2+ ) +bikk, +bik k)
ey (~hy (1 e - 26, bk, )+ 2~ - )bk: +bkk ) p,)

" op, (-2(1+e™ +e™ - 46+ )b, +bikk, +bkK,)

b (by((~2e™ + )b, ~ b, + 2, (- 1-€" )bk +bKk | p )

4

hb, (—2(1+ e + ™™ — 4ghP ) 4 g0 ) bb, +b?k K, +bk k )
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k =-1+e"™  k, =-1+e™ , k =1+e™  k =1+e™  k =-1+e™™, k =-1+e™

CAPTION OF FIGURES:
Fig.2 The velocity distribution Uis plotted against y for different values of N  when

m=8,p=1a =0.1,M =0.3,6 =0.5,x=rmt = .

Fig.3 The velocity distribution U is plotted against yfor different values of M when
N=02,p=1a =01,M =0.3,6=05x=mt=rr.

Fig.4 The velocity distribution U is plotted against y for different values of P when
m=8,N=0.2,a =0.1,M =0.3,6=05,x=mt =1t

Fig.5 The velocity distribution U is plotted against y for different values of @  when
m=8,N=02,p=1M =03, =05,x=mt=rr.

Fig.6 The velocity distribution U is plotted against yfor different values of M  when
m=8,N=02,p=14a =01,=05x=mt=rr.

Fig.7 The microrotation velocif2 is plotted against y for different values of N  when

m=8,p=1a =0.1,M =0.3,6 =0.5,x=rmt = .
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Fig.8 The microrotation veloci2 is plotted against y for different values of M when
N=02,p=1a =01M =03,6=05x=mt=rr.

Fig.9 The microrotation veloci2 is plotted against y for different values of p when
m=8,N=0.2,a =0.1,M =03, =05x=mt=rr..

Fig.10 The microrotation veloci§2 is plotted against y for different values of & when
m=8,N=02,p=1,M =03,6=05x=mt=r1r. .

Fig.11 The microrotation veloci§ is plotted against y for different values of M  when
m=8,N=02,p=14a =01,6=05x=mt=rr.

Fig.12 The temperatuf? is plotted againsy for different values ofy when P =.71,£ =0.5,x=77,t = 11.
Fig.13 The temperaturé is plotted againsy for different values of® when& =0.5,x=7t=7m,)y=05.
Fig.14 The concentratiog is plotted againsy for different values ofS, wheny =2,S =0.5,S=2

Fig.15 The concentratiogh is plotted againsy for different values ofS when=2,S =0.5,S=2 .

Fig.16 The concentratiogh is plotted againsy for different values ofy when S =0.5,S =0.5,S=2

Fig.17 The concentratiogh is plotted againsy for different values ofS when S =0.5,S5 =0.5,y=2

CONCLUSION

(i) It is concluded that the micropolar parameters, meéig parameter, gravity parameter gredmeability have a
deep effect on the onset of the convection in peroadium.

(i) Both the linear velocity and microrotation velooitgcrease with increasing values of the micropmdaameter.
(i) 1t is found that the porosity parameter and magnptirameter decelerate the microrotation velocitg a
accelerate the linear velocity.

(iv) The linear velocity and microrotation velocity hawpposite effect with increasing values of couphesnber
and pressure.

(v) The temperature decreases with increasing valugeeafoefficient of heat absorption and Prandtl bem

(vi) The concentration decreases with an increase ofmi@itihumber and chemical reaction parameter but the
opposite effect is observed in case of Soret nurabémeat absorption parameter.

(vii) It is observed that the coefficient of heat ab8orphas opposite effect on temperature distrilbutéod
concentration distribution.
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