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In this paper, a study of the peristaltic motion of incompressible micropolar fluid through a porous
medium in a two-dimensional channel under the effects of heat absorption and chemical reaction in the
presence of magnetic field was studied. This phenomenon is modulated mathematically by a system of
partial differential equations which govern the motion of the fluid. This system of equations is solved in
dimensionless form under the assumption of long wave length and low Reynolds number. The
expressions of the stream function, velocity, micro rotation 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 micro polarity effects through a set of figures.
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INTRODUCTION

Expansion and contraction of an extensible tube in a fluid
generate progressive waves which spread along the
length of the tube, mixing and transporting the fluid in the
direction of wave propagation. This phenomenon is
known as peristalsis. It is an inherent property of many
tubular organs of the human body. Kavitha et al. (2011)
investigated peristaltic flow of a micropolar fluid in a
vertical channel with long wavelength approximation.
Also, peristaltic motion of micropolor fluid in circular
cylindrical tubes effect of wall properties has been done
by Muthu et al. (2008).

Sreenadh et al. (2011) reported the peristaltic flow of
micropolar fluid in an asymmetric channel with permeable
walls. Reddy etal. (2012) dealt with the peristaltic

pumping of a micropolar fluid in an inclined channel. The
effect of magnetic field and wall properties on peristaltic
motion of micropolar fluid was discussed by Afifi et al.
(2011). The effect of dust particles on rotating micropolar
fluid heated from below saturating a porous medium has
been given by Reena and Rana (2011). Peristaltic
transport of micropolar fluid in tubes under influence of
rotation has been discussed by Abd-Alla et al. (2011).
Peristaltic flow of a Newtonian fluid through a porous
medium in a vertical tube under the effect of magnetic
field has been studied by Vasudev et al. (2011).

The present study considered the peristaltic motion of
an incompressible micropolar fluid through a porous
medium in a symmetric channel under the effects of heat
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absorption and chemical reaction in the presence of
magnetic field with the assumption of long wavelength
and low Reynolds number. The expressions of stream
function, velocity, microrotation velocity, temperature and
concentration are obtained. The effects of the fluid
parameters on velocity, microrotation velocity,
temperature and concentration have been studied with
the help of graphs.

MATHEMATICAL FORMULATION

Consider a symmetric flow of an incompressible micripolar fluid
through a porous medium in a symmetric channel. The flow is

c
generated by sinusoidal wave propagating with constant speed

along the wall. A uniform magnetic field © is applied in the

transvers direction of the flow. The wall deformation is given by:

H(X,t) = a+ b sin (3—”(;{— cr)]
(1)

a . . . .
Where  is the half width of the channel, ~ is the amplitude of the

t
wave, is the wavelength and is the time.
Under the assumption that the channel length is an integral

multiple of the wavelength  and the pressure difference across the
ends of the channel is a constant, the flow becomes steady in the

(x, %)

wave frame moving with velocity away form the fixed

frame fXJ F‘:' . The transformation between these two frames is
given by:

x=X—-c;v=Y;ulx,yv) =U(X —ct,¥) —c;v= V(X —ct,¥).
u 4 . . . u
Where and  are velocity component in the fixed frame and
are velocity component in the wave frame.
The equations governing the two-dimensional transport of
incompressible micropolar fluid through a porous medium in a
channel under the effect of a magnetic field are:
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(5
Where ™ and are velocity component, g is the density of the

P k. . .
fluid, is the pressure, is the micropolar viscosity, is the
microrotation velocity, #* is the viscosity, k1is the permeability of

a
porous medium, is the Conductivity of the fluid, is the

¥1

c
microinertia constant, is material constant, * is the specific

k
heat, ! is the thermal conductivity, ™ is the mean fluid

temperature, Do is the coefficient of mass diffusivity, 9o s the

heat absorption coefficient and %2 is the chemical reaction
parameter. Let us introduce the following dimensionless quantities
as:

1
L —E R RS a_‘Di e e “—i -ﬂ
X _Er}? _;/h_ It Alu == _;IO_iIP_MEIn _le _E:UH_ _TDV
¢ = e
i o (8)

After substituting from Equation (8), Equations (3 to 7) can be
written in dimensionless form after dropping the star mark as:

O J Y L B
Rea[u6x+v ]_ Bx+g¢6y+ u [5 Bx""+ ( + )u

ay 8y ky I (9)
ot vitl= s [pn e mlrss s
Re B.& [‘“%+ v%f— - [62 Z:Sz + Zzi] —v5g (12)
sl o] -lemsa Sl es gt e g s
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For long wavelength that is and low Reynolds number

that is R — O the system of our Equations (9-13) can be
reduced to:
E . N g 2., — 2F
1— 33T 1—N A T = e (14)
==
= =0
7 (15)
z2—N 8 n A _
m=® 8y - 3_}' — 2= (16)
aza .
= B8 =0 (17)
1 8% _
e ra= ow =0 (18)
_  k
Where ket is the coupling number,
z
P P A4 2 _ &
n° =ay +M" a1 = ) )
1 , k1 is the porosity parameter,
M? =B ? = S
. . Wtk .
is the magnetic parameter, valutk) is
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MCn

p
the micropolar parameter, ™ M is the Prandtl number,
5 ZL 5 = Dk a(Ty=Tp)
€ Ay H H T Tme (e —@g) i
is the Schmidt number, is the
z

g,a

#E s the

poa =

is the Reynolds number,

koo

Re =
Soret number, #

coefficient of heat absorption and ¢ is the coefficient of

chemical reaction. From Equation (15), it is clear that P is
independent of y. Therefore Equation (14) can be written as:

T 2

= _ o — L
— (1 — NI + WD 1 Ny 2E o

Br= 2 (19)
The dimensionless boundary conditions are:
fu _ e _ = = =
a—}_—O,a)_ 0,8=0and =0 at y=20 (20)
u=-—1, 0=0,8=1and ¢=1 at v=nh (21)
Introducing the stream functions ¥ such that:

—s)

==
Then Equations (16) and (19) takes the form:
8% 209 — B an =
2= T (1 N e + n Epe Py (o] 22)
2—wN 3N o _
o saT Egr —201=0 (23)
Where ®+ — ¢+ — M. B =gz

Using the conditon ¥ = © at ¥ = 2| the general solution of

Equations (17), (18) (22) and (23) by using the boundary conditions
(20) and (21) are given by:
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Where™® — 7, b1 = Bs and  are defined in the Appendix.

RESULTS AND DISCUSSION

In this study, the peristaltic motion of an incompressible
micropolar fluid through a porous medium in a symmetric
channel under the effects of heat absorption and

chemical reaction in the presence of magnetic field was
considered. In order to see the quantitative effects of the
various parameters involved in the results on the
pumping characteristic, the Mathematical program was
used. The effect of physical parameters on the velocity
distribution is indicated through Figures 2 to 6. In these
figures the velocity distribution s plotted against the
coordinate” . Figures 1 and 2 illustrate the effect of the
. N . i
coupling number . It is found that the velocity increases

with increasing'l'Ilir The effect of the micropolar

parameter ™ is to decrease the velocity at fixed values of
Y with an increase in m which is shown in Figure 3. It is
found from Figure 4, that the velocity U at fixed values of
Y decreased by increasing the pressure P The effects of
the porosity parameter 1 and the magnetic parameter
M are indicated graphically through Figures 5 and 6.

In these figures, we observed that velocity " at fixed
values of - increases with the increase of ! and M.
Figures 7 to 11 represents the effects of the above
parameters on the microrotation velocity 0 when potted
against‘v. Figures 7 and 8 are graphed to illustrate the

effects of the coupling number'm"r and the micropolar

m . . . .0
parameter . It is seen that microrotation velocity ~ at

fixed values of Y decreases as N and m increases, this
occurs near the center and the inverse effect will occur
near the upper wall. Figure 9 illustrates the effect of the

P

. . . .0
pressure © on the microrotation velocity velocity at

fixed values of Y . We can see that the microrotation

L0 . . .
velocity ~ increases by increasing p’ this occurs near the
center and the inverse effect will occur near the upper
wall.
Figures 10 and 11 shows the variation of the

. . .0 . .
microrotation velocity ~ for different values of the porosity
(e . Mo
parameter * and the magnetic parameter . It is found
that the microrotation velocity at fixed values of

¥ . . Loy Mo
decreases with an increase in and this occurs

near the center and the inverse effect occurs near the

upper wall. The effect of the different parameters on the

temperature when plotted against Y is indicated
graphically through Figures 12 and 13. In these figures

' y
the temperature = at fixed values of © decrease by



Figure 1. The physical model.
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Figure 3. The velocity distribution
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Figure 4. The velocity distribution ~ is plotted against Y for

different values of P when T+ T 8,N = D.Ey ! =0.1,M =0.3,
e=05 x=mt=m

Figure 5. The velocity distributionu is plotted against y for

= = 0. =1
different values of e when m=8N=02 , P ,M =0.3,

e=05 x=mt=m
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Figure 6. The velocity distribution is plotted against for

= = 0. =1
different values of M when m=28,N=02 , P ,al =0.1,
e=05x=mt=mn
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Figure 7. The microrotation velocityﬂ is plotted against © for

. N = —
different values of -~ when ™ = 8P =1 @1 91 M g3
e = 0.5 x='n:,t='n:.

Figure 8. The microrotation velocity"':1 is plotted against Y for
. m = =
different values of when ¥V = 0-2.P 1, @1 =0.1,M

=0.3, £ = D.S'x:ﬁ’t:'n’.
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Figure 9. The microrotation velocity s plotted against * for
. = = a

different values of P when ™ = 8., N =02 ©1 44 M

=0.3 e=05 x =t =7
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Figure 10. The microrotation velocity  is plotted against ~ for

different values of ! when
e=05 x=mt=m

=0.3,

m=8,N=02 p=1M
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Figure 11. The microrotation velocity — is plotted against © for

different values of M when
e=05x=mt=m

=0.1,

m=8,N=02 p=1g
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Figure 12. The temperature is plotted against y for different

values of

¥

when

Pr=71 e=05x=mt=m



€ s plotted against ¥ for different
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Figure 13. The temperature
values of & when = = ©.5 * = 7,

1.0
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¢ is plotted against Y for different

y=2,5=055=2

Figure 14. The concentration

S¢
values of when

increasing the coefficient of heat absorption * and the
Prandtl number . Figure 14 illustrates the effect of the

P

Schmidt number ®= on the concentration * when plotted

against F. It is clear that ¥ decrease by increasing *« .
In Figures 15 and 16 the concentration % increased by
increasing Soret number == and the coefficient of heat
absorption . Figure 17 represents the effect of the

. . .5 .
coefficient of chemical reaction ~ on the concentration cp.

P

It is observed that © decreased by increasing

CONCLUSION

In this paper, we modeled the effects of heat absorption
and chemical reaction in the presence of magnetic field
on the peristaltic flow of a viscous incompressible
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micropolar fluid through a porous medium in a symmetric
channel. The resulting equation which controls the motion
of a micropolar fluid are solved by using the Mathematical
program in the case of long wave length and low
Reynolds number. The stream function, velocity,
microrotation velocity, temperature and concentration of
micropolar fluid are obtained. The effects of the problem

parameters such as the coupling numberN, the

P

micropolar parameter -, the pressure *, the coefficient

of heat absorption }” the porosity parameter %1 , the

coefficient of chemical reactions, the Schmidt

5 5 .
number ~ ¢, Soret number ~ ” and the magnetic parameter

Mon these distributions were discussed using a set of
graphs.

Finally we came to the conclusion that the micropolar
parameters, magnetic parameter, gravity parameter and
permeability have a deep effect on the onset of the
convection in porous medium. It is believed that the
present work will serve for understanding more complex
problems including the various physical effects
investigated in the present problem.
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APPENDIX

_2(p2-p3)(2eMP2BE) y rsinh[Rb,)b,—Sinh[hb b H(—1 46 05k, ((—1-8 02 ) (—1+e M E )b b ok, Ry ) py)

. = _ .

1 bobg(—2(1+e2tPa4a2tPe_ g RPa*Baly 2R(D2+Dehyy 5 4 b2k ke +b2k k)
o= b, ((a"P2—2aPe g gt (Ba+2balyy, _Rbay b ysop ((—1-e"P5 bk, +Bo Kok )m,)

: bobg(—2(1+82P2 4o Ps g RP2+0:0y 2R Pa+Pelyy b 4 b2k ke +bikok,)
o = g2y (b, ((14e*P 5 2aMP2tPelyy 2 p ke Y +2(-1-e" P2 )bk bk, k) pL)

3 bobg(—2(1+e2 P2y g2 Ps g RPa¥0a] 4 AN BotDelyy b 4 b2k +b2kok,)
o= bo(h,((—2s"024aPe 4 R202belyy, _ RPsy o yaok ((—1- &P bk, 4Bk, k) E,)

4 bobg(—2(1+3R 024300 g RBa+0aly 2R Ba+Pelyy b 4nlk ke, +b2koKk,)
. eMPep i—p, (146 P02 2R P2 +Pelyy 2k y+2(-1-e" 5B kR Bk, k) mL)

5 bobg(—2(1+e2 P2y g2 Ps g RPa¥0al 4 2R Botbalyy b 4 b2k +b3kok,)

1 ey " — 5 , _
Ce = = g~ hibatbe) (—ghbatba) fqh(—2 + ab3)(cs — c3) + 2eP2bs (e™Psyaby (cy —
VEZ(14e B Ji—2+abl)(-2+abl)
V3R 3 E
= = 7. 5 h-=tZbgtbg) 2 = hi—tbg) 2
CE:} + XI'IZE""I (Ethscq. + CE:}} — bz (x."ZE i) 2 (_2 + ﬂbﬂ}cz + 1~,"2€ - (—2 + Qba}lfa +
a0 = o — — ER
ePbrghs (427 *ta+ e™Pabg(cs— ) +4/2e B )
Cqg =
ST
1 ’ R(——=+ba+bg) — 4
—hiBy+b Tt [ s N AV
—— g hBztbs) (o™ m Vabi(—2+ab)(c; —c3)+
VI(14e B J(—2+abl)(—2+abl)
i AE L N 7 A
2¢ @) p2(—e™ T faby (cs — c5) + V(€ ZPPocy + ¢5)) — e 7 b2 (—e v P g3/2p3 (¢, — o) +
3 3l —C5 atcCs 2 alCs—Cg

V2(e™252tbe) (=2 + abl)c, + e"Pe(—2 + abd)es + e MP2abi(e? ey + c2))))

by = 2(—1 + a)n?

2

||1: m2 Nm?2 n? INn2 N2nl o (2m2—NmZ+2n2—3Nn2+NZn2)2- 4{—2+J".l”}|:—2m5"n5"+2;".l'm5"n5"}}
Al Y —Z4N O 2(—24N)  —24N  2(—24N)  2(-24N) 2(—24+N)
ba =

||1: m2 Nm?2 n? INn2 Ninl o (2m2—NmZ+2n2—3Nn2+NZ2n2)2- 4{—2+J"J'}I:—2m1n9'+2;".fm5n1}}
Al Y —Z4N O 2(—24N)  —24N  2(—24N)  2(-24N) 2(—24+N)

by=—2+ab; bg=-2+ab; =3

ky=—1+e™  ky,=—1+etPs ky=1+e" [, =1+ ky=—-14+eb [ =1+ b

1 1 1 ’



