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Abstract

In this paper, we investigate peristaltic transport of a micropolar fluid in a
channel when no slip boundary condition is inadequate. The long wavelength and
low Reynolds number approximations are used to get solution. The effects of
coupling number, micropolar parameter and slip parameter on pumping region,
friction force and trapping are analyzed and presented by graphs. It is found that
the pumping region increases with increasing coupling number while it decreases
with increasing micropolar parameter and slip parameter. The size of trapped
bolus increases by increasing coupling number and micropolar parameter while it
decreases by increasing slip parameter.
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1. Introduction

The mechanism involved in transportation of bio fluids from one place to another
due to muscular contraction or expansion of tube/channel containing the fluid, is
called peristalsis. Peristalsis is used in urine flow from kidney to blader,
swallowing food through the esophagus, movement of chyme in gastro-intestinal
tract, intra-uterine fluid motion, flow of spermatozoa in the ductus efferentes of
the male reproductive tract, movement of ovum in the female fallopian tube,
transport of lymph in the lymphatic vessels and the vasomotion of small blood
vessels such arterioles, venules and capillaries. Some worms also use peristaltic
motion as a means of locomotion. Roller and finger pumps also operate on this
principle.
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From first investigation made by Latham [15], peristalsis has attracted several
researchers due to its great application in engineering and physiology. Shapiro et
al. [2] studied the peristaltic flow of Newtonian fluid through channel and tube
under long wavelength and low Reynolds number assumptions in wave frame of
reference. Fung and Yih [17], Yin and Fung [4] studied the peristaltic flow of
Newtonian fluid through channel and tube respectively using perturbation
technique in laboratory frame of reference. The behavior of most of the
physiological fluids is known to be non-Newtonian. The model of micropolar
fluid introduced by Eringen [1] represents fluids consisting of rigid, randomly
oriented (or spherical) particles suspended in a viscous medium where the
deformation of the particles is ignored. Micropolar fluids exhibit some
microscopic effects arising from the local structure and micromotion of the fluid
elements. Furthermore, they can sustain couple stresses. The micropolar fluid is
considered to model the blood flow in small arteries and the calculation of
theoretical velocity profiles is observed in good agreement with the experimental
data. Several researchers [5, 6, 8-11, 13, 14] contributed towards the study of
peristaltic transport of micropolar fluid under different situations assuming no
slip boundary condition at walls of the vessels.

But, in real system there is always a certain amount of slip and no slip boundary
condition is no longer valid. Many studies [3, 7, 12, 16] are made to investigate
slip effect on peristaltic transport of fluids. However, to the our best knowledge,
no attentions are given to analyze slip effect on peristaltic transport of micropolar
fluid. So in this study we analyze the effect of slip boundary condition on
peristaltic transport of micropolar fluid in a channel.

2. Mathematical Formulation

We consider peristaltic transport of a micropolar fluid in a channel of width2a.
Let the motion of the walls of the channel be governed by sinusoidal wave, then

H :a+bsin27”(X—ct) (1)

where b, 4,c are amplitude, wavelength and velocity of the wave and tis time.
The flow is unsteady in the laboratory frame (X,Y) and steady in the wave
frame(x, y) moving with velocityc. The relation between laboratory frame and
wave frame is given by

x=X-ct, y=Y, u=U-c, v=V. 2
In the absence of body force and body couple, the governing equations of steady
flow of an incompressible micropolar fluid are
Vv =0, 3)

p(\?.V\?)= —Vp+KVxVV+(y+K)V2\7, 4)

Yo (V.VW = DKW+ KV XV — 7/(V x V x Vv)+ (a + [+ 7)V(V.VV) (5)
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where Q,Vv, p, pand jare the velocity vector, the microrotation vector, the fluid
pressure, the fluid density and microgyration parameter. The material constants
Mk, e, fand y satisfy [5]:

2u+x20, k>0, 3a+pB+y=0, y=|p| (6)

We take the velocity vector v = (u,v,0)and microrotation vectorw = (0,0, w). We
nondimensionalize the variables as follows:

X'=£| y':l’ u'=£1 Vlzll W':ﬂ’ t':C—t’¢=E1
A a C ocC C A a
o , a’p H a pca
= = lh:_l 52_1 Rez—_ 7
J a’ P CAu a A U ")

where R, is the Reynolds number and ¢ is the wave number.

Using these nondimensional variables in Egs. (1), (3),(4) and (5) and primes and
applying low Reynolds number and long wavelength approximation, we get

h(x)=1+ ¢sin 2z X, (8)
a_u+ﬂ:0’ (9)
ox oY
2
VARV A ) (10)
oy 0y 0 X
ap
9P _, 11
Jy (11)
2
—2W—6—u+(2_l\lja VLI:O. (12)
oy M oy

where N = x /(1 + «)is the coupling number (0 < N <1) M2 = a%x(2u + x)/ y(p + x)
is the micropolar parameter.
In the wave frame the boundary conditions are:

M _y, w=0. aty =0. (13)
oy
u=—1$,32;, w=0. aty=zh, (14)

where B(=L/a) is the dimensionless slip parameter and Lis the dimensional
slip parameter.

3. Solution

From Eq. (11) it is clear that p does not depend ony, so Eq. (10) may be written
as
o’'u 0 dp

=—|1-N)y——-Nw 15
-y Ponw (19
Integrating Eq. (15) w.r.toy, we get
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ou dp
oy = ANy g -Nw+C(x) (16)

where C,(x) is constant of integration.
Using boundary condition (13) in Eq. (16) we get Cl(x) =0, so Eq. (16) becomes

ou dp
——Nw 17
oy~ Ny (17)
Putting the value of (Au/éy)from Eq. (17) in Eq. (12), we get
2 J—
S w2y P (18)
oy 2—-N )7 dx
The general solution of above equation may be written as
W= G Ejyg—p+czcoshM y+C,sinhMy (19)
Using Eqg. (19) in Eq. (17), we get
1-N d N . N
u :(ﬂjyzd—z—czﬁsmh My—gﬁcosh My +C, (20)

where C,,C,,C,are integrating constants, which are evaluated by using the
boundary conditions (13) & (14). Thus the resulting solutions are given by

u:[ﬂJyZ@ L-N)n dlO[N(coshMy Mz sinh Mh —cosh Mh)
2-N)” dx (2—N)M sinhMh dx

+M (28 +h)sinhMh]-1  (21)

W 1-N\dp h§|nh My_y -
2—N Jdx| sinhMh
The corresponding stream function y is given by
U=6—l// andv:—‘a—‘// (23)
oy OX
Using (23) and (21) we get
_(1-Nly'dp _ (@-N)h dp[ :
- (2_ Nj 3 dx  (2— N)MsinhMh dx sinh My — (NMsinh Mh + N cosh Mh)y

+(Mhsinh Mh+24M sinhmh)y]-y (24)
The nondimensional mean flow in wave frame is given by

h
1-N \dp
=|udy =-h+ — f(h 25
I y [Z_dex (h) (25)
__h [N 26
f(h)= [3 Msmth{ sinh Mh — Nh(Mﬂsmth+costh)+Mh(2ﬂ+h)smthH( )

The relation between the dimensionless mean flow ® in laboratory frame and
g in wave frame is

0=qg+1 (27)
From Eqg. (25) we get
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d 2—-N +h
d—i - [mj (qf (h)) “9)

The non-dimensional pressure rise per wavelength Apand the friction force F at
the wall are

Ap = :{(%jdx (29)
F- j— h(g—zjdx (30)

4. Numerical results and discussion

In this section, we have carried out numerical calculations and plotted graphs to
study effects of the coupling number N , the micropolar parameter M and the slip
parameter /S on the pumping region, the friction force at the wall and the trapping

phenomenon. In the case of free pumping that is when Ap =0, the corresponding
time mean flow rate is denoted by ®,.The maximum pressure against which the
peristalsis work as a pump, that is, Apcorresponding to ® =0 is denoted by
P, -In the case of copumping that is when Ap < 0, the pressure assist the flow.
Figs. 1-3 show the variation of pressure rise Ap with flow rate ©® for various
values of coupling number N, micropolar parameter M and slip parameter S
respectively. It is observed that the pumping region (0<Ap < p,) increases as
the coupling number N increases while it decreases as the micropolar parameter
M and the slip parameter S increase. Moreover the pumping region is more for a

micropolar fluid in comparison to that of a Newtonian fluid.

Figs. 4-6 present the variation of friction force F with flow rate @® for
various values of coupling number N, micropolar parameter M and slip
parameter S respectively. From these figures it is noted that there exists a critical
value of © below which F resists the flow and above which F assist the flow.
Below this critical value of®, the friction force F increases asN ,M and S
increase. However, above this critical value of ® , the friction force F decreases
asN, M and g increase.

Trapping is an interesting phenomenon in peristaltic motion in which an
internally circulating bolus of fluid is formed by closed streamlines and this
trapped bolus is pushed ahead along with the peristaltic wave. the effects of
coupling number N , micropolar parameter M and slip parameter # can be seen
through Figs.7- 9 . A general observation regarding the effects of N and M is
that the trapped bolus increases in size as N and M increase. However, the size
of the trapped bolus decreases in size as £ increases.
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6. Conclusions
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In this study the effect of slip condition on peristaltic flow of a micropolar fluid
in a two dimensional channel have been analyzed under long wave length and
low Reynolds number approximations. The effects of the coupling number N ,
the micropolar parameter M and the slip parameter £ on the pumping region,
the friction force at the wall and the trapping phenomenon have been discussed in
detail. The main findings of the present study are given in the following points:

e The peristaltic pumping region narrows down by increasing the micropolar
parameter M and the slip parameter  .However, it widens by increasing the
coupling number N .

e The friction force F increases by increasing N, M and £ below the critical

value of ® . However, above this critical value of ® , F decreases by
increasingN , M and 5.

e The size of trapped bolus increases by increasing N and M while it decreases
by increasing .

e The results for Newtonian fluid without slip can be obtained as the special

cases of our analysis by choosingN =0, #=0.

Ap

» N=0.8
» N=0.6
Newtonian
0 0.1 0.2 0.3 0.4 0.5

— 0

Fig.1 Pressure rise versus flow rate for ¢ =0.4,M =2.0 and 5 =0.
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Fig.2 Pressure rise versus flow rate for ¢ =0.4,N =0.8 and 5 =0.
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Fig.3 Pressure rise versus flow rate for ¢ =0.4,M =2.0 andN =0.8.
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Fig.4 The friction force at the wall versus flow rate for ¢ =0.4,M =10 and

p=0.
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Fig.5 The friction force at the wall versus flow rate for ¢ = 0.4,N =0.8 and

£=0.
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Fig.6 The friction force at the wall versus flow rate for ¢ =0.4,m =10
andN =0.8.
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Fig.7 Streamlines for M =2.0,¢=0.4,5=0 andQ =0.53:aN =0.bN =0.4.
cN=06.d N=038.
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Fig.8 Streamlines for N =0.4,¢ =04, =0 andQ =0.53:aM =0.1.b M =2.
cM=4.dM=6.
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Fig.9 Streamlines for N =0.7,¢ =0.4,M =4 andQ = 0.53: af=0.bp=0.02.

cf=0.04.d f=0.08.
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