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Abstract: The present article deals with the Peristaltic flow of a Rabinowitsch fluid model is
considered in a non uniform tube with slip effects. Wall properties analysis is also taken into
account. Here the governing equations for Rabinowitsch fluid model are simplified by using long
wavelength approximation and low Reynolds number and dynamic boundary conditions,
analytical expressions have been obtained stream function, temperature profile, and velocity
distribution. The effects of various physical parameters on stream function, temperature profile
and velocity are analyzed through graphs and the results are discussed in detail.

1. Introduction

A variety of complex rheological fluids can easily be transported from one place to another place with a
special type of pumping known as Peristaltic Pumping. This pumping principle is called Peristalsis. The
mechanism includes involuntary periodic contraction followed by relaxation or expansion of the ducts the
fluids move through. This leads to the rise in pressure gradient that eventually pushed the fluid forward.
This type of pumping is first observed in physiology where food moves through the digestive tract, urine
transport from the kidney to the bladder through ureters, semen moves through the vas deferens,
lymphatic fluids moves through lymphatic vessels, bile flows from the gall bladder into the duodenum,
spermatozoa move through the ducts efferentes of the male reproductive tract and cervical canal, ovum
moves through the fallopian tube, and blood circulates in small blood vessels. Historically, however, the
engineering analysis of peristalsis was initiated much later than in physiological studies. Applications in
industrial fluid mechanics are like aggressive chemicals, high solid slurries, noxious fluid and other
materials that are transported by peristaltic pumps. Roller pumps, hose pumps, tube pumps, ginger pumps,
heart lung machines, blood pump machines, and dialysis machines are engineered on the basis of
peristalsis.
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The study of peristalsis has received considerable attention in the last few decades mainly because of
its relevance of engineering and biological systems. Several studies have been made analyzing both
theoretical and experimental aspects of the peristaltic motion of Newtonian and non Newtonian fluids in
different situations Fung and Yih [1], Shapiro et al. [2], Radhakrishnamacharya [3], Misery et al. [4],
Mishra et al. [5], Srinivasaacharya et al. [6], Hayat et al. [7], Kothandapani et al. [8], sobh [9]. Sinha et.al
[10] debated peristaltic flow of MHD and heat transfer in an asymmetric channel in the presence of
variable viscosity, velocity-slip and temperature jump conditions. Kavitha et al. [11] studied the peristaltic
transport of a Jeffrey fluid between porous walls with suction and injection. Eladabe et.al [12] analyzed
the MHD peristaltic flow of a couple stress fluids with heat and mass transfer in a porous medium. Dheia
et.al [13] discussed the peristaltic flow of a Jeffrey fluid in a porous medium channel with wall properties
and heat transfer. Kavitha et al. [14] discussed the peristaltic transport of Jeffrey fluid in contact with
Newtonian fluid in an inclined channel. Saravana et al. [15] discussed influence of slip, wall properties
and heat transfer on MHD peristaltic transport of Jeffrey fluid in a non uniform porous channel. Saravana
et al. [16] discussed influence of slip, heat and mass transfer on peristaltic transport of third order fluid in
an inclined asymmetric channel. Hemadri Reddy et al. [17] studied the velocity slip effects on MHD
peristaltic pumping of a Prandtl fluid in a non uniform channel.

We deliberate here on the Rabinowitsch fluid model. Rabinowitsch fluid model is one of the fluid
models where there exists a non linear relationship between the shear stress and strain rate. This fluid
model has its significance as the three major categories for fluid are depicted for different values of non
linear factor y , for y = 0 this model represents Newtonian fluids, for y <0 it represents shear thickening

fluids, and for y >0 it exhibits the behavior of shear thinning fluids. The experimental validation for this

model was offered by Wada et al. [18]. Singh et.al [19] adopted Rabinowitsch fluid model to discuss the
performance of pivoted curved slider bearings. Akbar et al. [20] discussed the applications of
Rabinowitsch fluid model for peristalsis. Further investigations in the peristaltic motion of Rabinowitsch
fluid model can be gathered in Refs [21-25].

The application of Rabinowitsch fluid model in peristalsis is very useful in physiology and
biomedicine as it is involved in pumping of blood in heart/lung machines. Recently, heat transfer in
peristalsis has gained much importance due to its numerous applications in engineering and biomedical
sciences. Heat transfer comprises many complicated processes such as assessing skin burns, destruction
of undesirable cancer tissues, dilution technique in examining blood flow, paper making, vasodilatation,
food processing, metabolic heat generation and radiation between surface and its environment. It may be
noticed that blood flow increases when a man does hard physical exercises also when the body is exposed
to excessive heat environment. In order to take care of the increase in blood flow, the dimensions of the
artery have to increase suitably. Sinha et al. [26] discussed peristaltic flow of MHD and heat transfer in an
asymmetric channel in the presence of variable viscosity, velocity slip and temperature jump conditions.
Eldabe et al. [27] analyzed the MHD peristaltic flow of a couple stress fluids with heat and mass transfer
in a porous medium.

2. Mathematical Formulation

Figure 1. Physical model
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Here we have considered the peristaltic motion phenomenon for the two dimensional flow of an
incompressible fluid in a non-uniform tube. The equations for conservation of mass, momentum and

energy be written as

o @ ow_, (1)
o r oz
~ ~ ~ = 0(Ft~) O(T~) Tan
o a—zf+ﬁa—u+ﬂ/a—u @1 ”")+ E) Tz )
ot or oz or 7 or oz r
7 " " 5 10(FT~) O(7Ta
P a—vf+ﬁa—w+wa—w __ 2 1) (7z) (3)
ot or oz oz 7 or oz
of _of _oT *T 10T &°T oii oii oW oi
PC, | Zri— AW |=h| a5 [T 0 | o | PPz | o [T | “4)
P\ of or oz orT  For 0z or 0z or oz

Where p is the density, #and W are the respective velocity components in radial and axial directions

respectively, C, is specific heat.
The corresponding boundary conditions for the problem as shown in Figure (1) are defined as
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Where H is the non-uniform wave in which /(Z) is the non-uniform radius, b is the wave amplitude.
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Under the assumption of low Reynolds number and long wave length approximation, dropping bars and
terms containingR,,J using (7) into the equations (1-6) we get the following equations
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The simplified equations after using long wavelength and low Reynolds number assumptions equations

(9) to (12) are written as
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The governing equation of motion of the flexible wall is given by
L(H)=p—p, (16)

Where L is the operator that is used to characterize the motion of the stretched membrane with damping
forces and p, is the pressure on the outside surface of the wall due to tension in the muscle, which is

assumed to be zero, and L can be written as
o° o° )
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After dimensionless it becomes
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Where 7,. component is obtained by using equation (14) in the stress tensor given by

X e yz) (19)
or
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2.1 Solution of the Problem
Solving equation (14) by using (20) we get

r4
T., = 7 (21)
By substituting (21) in (19) , using (12) we get
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Now by solving equation (15) by using (12) we get
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Velocities in terms of stream function relation can be defined as
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3. Results and Discussions
In this section, the effects if various emerging parameters on velocity, temperature profile and on stream
functions are discussed through graphically.

The velocity profiles are plotted from Figure. (2) to (6) to study the effects of different parameters

such as rigidity parameter E, and stiffness parameter E,, viscous damping force parameter £, slip

parameter  and non uniform parameter k. In Fig (2), (3) are plotted for different values of rigidity

parameter £, , stiffness parameter £, for shear thinning and viscous cases. It is observed that velocity

profiles are increases, but, opposite behavior depicted for shear thickening case. It is due to the fact that
less resistance is accessible to the flow because of the wall properties and thus velocity increases, but,
opposite behavior is depicted for shear thinning case gets the larger curve, and the curves for viscous
fluids get smaller variations Figure. (4) is plotted for different values of viscous damping force parameter

E; . It is observed that velocity curve gets smaller variations for increasing values of £, and decreases for
increasing values of shear thickening case, but, opposite behavior for shear thinning and viscous fluids.
Figure. (5) is plotted for different values of slip parameter /3, . It is observed that velocity increases for
increasing values of and slip parameter S, . Figure. (6) is plotted for different values of non uniform

parameter & . It is observed that velocity increases with increasing the values of & .
In Figure. (7) to (12) the nature of the temperature profile is presented. In Figure. (7) It is observed
that the temperature profile is increasing with increasing values of Brickman number B,., it is seen here

that temperature profile is an increasing function for shear thinning, thickening and viscous fluid. Because
higher values B, there is a stronger heat generation due to friction is used by shear in the flow which

raises the fluid temperature. In Figure. (8) it is observed that the temperature profile is increasing with
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increasing the non uniform parameter k for all the three cases . In Figure. (9) to (12) it is observed that the
temperature profile is increases with increasing values of rigidity, stiffness, viscous damping force
parameter, slip parameter for all increasing values of rigidity, stiffness and viscous fluid. Also we
observed that variations get closed for damping force parameters for shear thickening case.

Figure 2. For fixed £, =1.0,FE; =0.5,4=0.02,2=0.22,6 =0.01,/ = 0.25,/, = 0.34,k = 2.4 varying
E =05,1.0,1.5, y =-0.5,0,0.5
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Figure 3. For fixed £, =1.0,E;, =0.5,4=0.02,z=0.22,£ =0.01,7 = 0.25,/, = 0.34,k = 2.4 varying
E, =0.5,1.0,1.5, y =-0.5,0,0.5
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Figure 4. For fixed E, =1.5,E;=0.5,4=0.02,z=0.22,£ =0.01, = 0.25,/, = 0.34,k = 2.4 varying

E;=05,1.0,1.5, y =-0.5,0,0.5
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Figure 5. For fixed £, =0.5,E, =1.0,E, =1.5,1=0.02,z=0.22,£ =0.01, = 0.25,/, = 0.34,
k=2.4,y=0.5 Varying f=0.1,0.2,0.3



14th ICSET-2017 IOP Publishing
IOP Conf. Series: Materials Science and Engineering 263 (2017) 062004 doi:10.1088/1757-899X/263/6/062004

2.5

E =05 E=—03

-1 -0.8 -0.6 -0.4 -0.2 0 02 0.4 0.6 0.8 1
r

Figure 6. For fixed £, =0.5,E, =1.0,E, =1.5,1=0.02,z=0.22,£ =0.01, = 0.25,/, = 0.34,
k=2.4,y=0.5 Varying £=-0.3,0.3,0.3
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Figure 7. For fixed £, =1.0,E, =1.5,F,=0.5,4=0.07,z=0.22,6 =0.0L, =0.25,/, =0.24,k =2
Varying y=-0.5,7=0.0,y=L.5, Br =1,2,3
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Figure 8. For fixed £, =1.0,E, =1.5,E,=0.5,4=0.07,2=0.22,6 =0.01, = 0.25,/, =0.24,B,. =2

Varying y=-0.5,7=0.0,y=1.5, k=1,2,3
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Figure 9. For fixed £, =1.5,FE;, =0.5,4=0.07,2=0.22,6 =0.01, =0.25,/, =0.24,B, =2,k =2

Varying y=-0.5,7=0.0,y=1.5, E1 =0.5,1.0,1.5
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Figure 10. For fixed E; =1.5,E; =1.0,4=0.07,z=0.22,£6 =0.01, =0.25,/, =0.24,B, =2,k =2
Varying y=-0.5,7=0.0,y=1.5, E£,=05,1.0,1.5
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Figure 12. For fixedE, =1.5,F, =1.0,E5 =0.5,4=0.07,2=0.22,6 =0.01, =0.25,/, =0.24,B,. =2

k=0.2 Varying y=-0.5,y=0.0,y=15, =123

4. Conclusion
In the present study, we have discussed slip effects for peristaltic flow of Rabinowitsch fluid model in
a non uniform tube. Exact solution is calculated for velocity and temperature profile.

1. The velocity profile increases for increasing values of rigidity parameter E, and stiffness
parameter £, , viscous damping force parameter £ for shear thinning and viscous cases, but,
opposite behavior is depicted for shear thickening case because due to the elastic nature of the
walls of the tube provides the less resistance to the fluid to flow.

2. The velocity profile increases for increasing of £, E, and E;with increasing of slip parameter £,
and non uniform parameter & .

3. The temperature profile is increasing for increasing of Brickman number for shear thinning, shear
thickening and viscous fluid. Physically larger values of B, fluid temperature increases due to the
stronger heat generation due to friction is used by shear in the flow which raises the fluid
temperature.

4. For increasing the non-uniform parameter k& decreases the thermal conductivity which
contributes to the decrease in temperature profile.

5. The temperature profile is increasing with increasing of slip parameter £, .
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