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Abstract

In this article, we have presented a peristaltic flow of third order fluid in a
channel with variable viscosity. The governing equations are constructed
under long wave length and low Reynolds number approximations. A regular
perturbation technique is applied and obtained expressions for the stream
function, temperature, and concentration at a small Deborah number. The
pertinent features of various physical parameters have been discussed
graphically.
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. INTRODUCTION

The peristaltic transport of fluids in a channel/tube was widely seen in several
processes of engineering and physiology. In particular, the flows of biofluids such as
urine through ureters chime in intestines, food bolus in esophagus, the vasomotion of
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small blood vessels, bile transport in bile ducts, spermatozoa transport in the cervical
canal, ovum movement in the female fallopine tube obey the principle of principle of
peristaltic transport. The industrial applications of peristalsis include blood pumps in
heart lung machine, sanitary fluid transport and transport of corrosive fluids. The first
study of peristalsis in viscous fluids were presented by Latham [1] and Shapiro et al
[2]. After these pioneer researches, various authors in the field made extensive studies
on the topic via different approximations.

Most of the published papers regarding peristalsis in channels/tubes have been
discussed for constant viscosity fluid. Very little importance is given on the peristalsis
of variable viscosity fluid. For instance, T. Hayat et. al [3] studied slip effects on
MHD fluid with variable viscosity. D. Tripathi [4] discussed movement of flood bolus
of varying viscosities through oesophagus. Bhikshu et. al. [5] investigated the effects
of radiation and chemical reaction on MHD flow past an oscillating inclined porous
plate with variable temperature and mass diffusion. T. Hayat and F. M. Abbasi [6]
studied variable viscosity effect on the peristaltic motion of a third order fluid. Ebaid,
[7] investigated a new numerical solution for the MHD peristaltic flow of a bio-fluid
with variable viscosity in a circular cylindrical tube via Adomian decomposition
method. Kothandapani, M. et al [8] discussed mixed convective heat and mass
transfer in an asymmetric channel with peristalsis. S. Obaidat et. al [9] investigated
peristaltic motion with Soret and Dufor effects, Magnetohydrodynamics. Asghar, S.
et. al [10] studied peristaltic flow of induced magnetic field and heat and mass
transfer. Nadeem. S.[11] et. al discussed the effects of heat transfer of the peristaltic
transport of MHD Newtonian fluid with variable viscosity. Bhikshu et. al. [12]
discussed the peristaltic flow of a conducting Williamson fluid in a vertical
asymmetric channel with heat transfer through porous medium. T. Hayat et. al [13]
investigated Soret and Dufour effects on the peristaltic transport of a third order fluid.
Bhikshu et. al. [14] investigated the effects of Magnetohydrodynamics on the
Peristaltic flow of fourth grade fluid in an inclined channel with permeable walls.

The energy flux generated by the composition gradient was discovered by Dufour in
1873 and hence was correspondingly referred to as the Dufour effect. Soret
established that the temperature gradient yields in a mass flux. It is also called thermal
diffusion effect. Such effects are especially significant in chemical engineering and
geosciences. The Soret effect is useful for isotope separation where as for mixing of
gasses having light and medium molecular weights the Dufour effect is very
significant. The magnetohydrodynamic character of fluid has a pivotal role in
solidification processes of metal and metal alloys, study of nuclear fuel debris, control
of underground spreading chemical wastes and pollution, design of MHD power
generators, blood and blood pump machines, treatment of cancer tumor etc. In view
of such discussion, the objective of present article is to analyze the peristaltic
transport of third order fluid with variable viscosity in a symmetric channel in
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presence of Soret and Dufour effects. The relevant mathematical problem is modeled
and series solutions for the stream function, temperature, and concentration at a small
Deborah number under the assumption of long wavelength and low Reynolds number
are presented.

1. MATHEMATICAL FORMULATION

We consider the magnetohydrodynamic flow of a third fluid in a channel of width 2a.
X is the axis chosen along the walls of the channel and Y is the axis taken normal to

the X -axis. A constant magnetic field of strength B, is applied in the ¥ direction. The

induced magnetic field is not taken into account because of the small magnetic
Reynolds number. A sinusoidal wave propagating on the channel walls with a
constant wave speed c is represented as

ﬁ=a+bCos[27ﬂ-()?—ct_)} (1)

If (17 , 17) and (I/_I ,\7) are the velocity components in the laboratory ()_( Y ) and wave
(;‘c,;‘z)frames respectively, then transformations between laboratory and wave frames
are

x=X-ci, y=Y, u=U-c¢, v=V, pxy)=P(X.7.7) )
where b is the wave amplitude, A1 is the wavelength, and 7 is the time and P and p

are the pressures in laboratory and wave frames respectively. Introducing the
variables in the forms
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The conservation laws of mass, linear momentum, energy and concentration after
utilizing long wave length and low Reynolds number assumptions yield,
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where p is the pressure, i is the steam function, F(: V) + 7/3) is the Deborah number,

M is the Hartman number, Re is the Reynolds number, Br is the Brinkman number,
Duis the Dufour parameter, Sris the Soret parameter, Sc is the Schmidt number, E
is the Eckert number, Pris the Prandtl number, & is the wave number,  is the stream

function, C,and Tjare the concentration and temperature at the boundary, 6 is the

dimensionless temperature, and ¢ is the concentration. The boundary conditions are

o° 06 0

<

w =0, o, Yoo, @y, at y=0, 9)
oy’ oy oy
oy
w=rF Y -1, 0=0, ¢=0, at y=h, (10)
oy
¥
h(x) =1+d Cos(2x), F=[Lay,
0 O

where /(x)1s the dimensionless wall shape and F is the dimensionless flow rate in

the wave frame.
Pressure rise per wave length Ap is
1
0
Ap, = [Lx (11)
) Ox
The dimensionless expression of space dependent viscosity is

y(y):e’ryzl—l"y r<i,

where I is the viscosity parameter.
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I11.  SOLUTION OF THE PROBLEM

We look for solutions in a series form and thus we expand the quantities in terms of
small Deborah number as

v=y,+T'y, +.
0=0,+10 +..................
P=@y +T'P +.cvee
F=F+TF +...........
p=po+tIp +.

Employing the procedure of perturbation method and retaining the results up to order
O(") we have

_ Al
(= hMCosh[hM 1+ Sinh[hM])*

o (A5 = Ay + A ) ySinh[hM ]+ hSinh[My])
h(— hMCosh[hM ]+ Sinh[hM 1)

74

+y(As + A,)— A +A9]

32 Br M*(~ hMCosh[hM 1+ Sinh [AM1) (B, + B,M(h*> — y* )+ B, )+
B, +TBr((B,, — B,y )~ 2M*(B, — B,)By + M*B,;)
(=14 Pr DuSc Sr) (= hMCosh[hM ]+ Sinh[hM 1)’

T(y—h)ScSr (C, +C, +C, )+ 32 Br M*(~ hMCosh[hM) + Sinh [hM 1) (B, + B,M(h*> - y* )+ B, )+
B, +TBr((B,, - By, )—2M? (B, - B,)B, + M’ B, )+ TBr(MB,,)
Sc Sr(— 1+ PrDu Sc Sr) (— hMCosh[hM ]+ Sinh[hM )’

where the involved 4,(i =1-9), B, (j=1-20)and are presented in the Appendix.

The heat transfer coefficient is a vital quantity to be analyzed in the problem as it
incorporates the geometry of the problems in to the analysis of heat transfer.

The heat transfer coefficient for this problem is defined as follows:

Z=h0,.

IV.  RESULTS AND DISCUSSION

The objective of this section is to analyze the impacts of pertinent parameters on the
concentration, temperature and the heat transfer coefficient presented in figures 1 —
15. Here 3-D graphs are explicitly plotted in order to discuss the quantities of interest
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in a more detailed manner as the changing behavior of physical quantities can be
explained in a better way. The theme of this study is to point out the influences of
Soret and Dufour. In order to achieve the desired objective, we present the plot in
such a way that all “a” parts of the figures are for constant viscosity (F = 0) and all

“b” parts of the figures are for variable viscosity (F = 0.4).

Figures 1-5, are presented to examine the behavior of embedded parameters on the
concentration. It is observed that the dimensionless concentration decreases with the
decrease in M, Br,Du,Sr, and Sc.Further it is seen that the fluid with variable
viscosity has a higher value of concentration compared to that of fluid with constant
viscosity.

Figures 6 — 10, demonstrates that the dimensionless temperature increases with an
increase in M, Br,Du,Sr, and Sc.Further the temperature increases abruptly due to

ohmic heating. The variation of Du,Sc,Sr,M and Br on the temperatured. We

observe that a rise in temperature is smaller for a Newtonian fluid as compared with
non-Newtonian fluid.

Figures 11 — 15, shows the behavior of heat transfer coefficient Z when the values of
different embedded parameters are altered. It is seen in all of these figures that Z
shows an oscillatory behavior which is because of peristalsis. The absolute values of
Z in variable viscosity fluid are more than the constant viscosity fluid. Z increases
with the increase in Du, Sc, Sr,M and Br.

Development of the concentration field with increase in the values of different
parameters

() (b)
Fig 1. (a) and (b) shows effect of M on ¢ when
d=0.3,Br=0.5,5=0.5,5=0.5Du=0.5
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(b)
Fig 2. (a) and (b) shows effect of Du on ¢ when
d=03,M=0.5,5=0.5,5r=0.5,Br=0.5

(b)
Fig 3. (a) and (b) shows effect of Sc on ¢ when
d=03,M =0.5,Du=0.5,5=0.5Br=0.5

() (b)
Fig 4. (a) and (b) shows effect of S on ¢ when
d=03,M=0.5Du=0.58c=0.5Br=0.5
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(b)

Fig 5. (a) and (b) shows effect of Br on ¢ when
d=03,M=0.5,5=0.55=0.5Du=0.5

Behavior of the temperature with change in the values of different parameters

(a) (b)

Fig 6. (a) and (b) shows effect of M on & when
d=0.3,Br=0.5,5=0.5,5=0.5Du=0.5

Fig 7. (a) and (b) shows effect of Du on @ when
d=03,Br=0.5,5¢=0.5,5=0.5M =0.5
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(a) (b)

Fig 8. (a) and (b) shows effect of Sc on & when
d=0.3,Br=05,Du=0.55r=05M=0.5

(b)

Fig 9. (a) and (b) shows effect of Sr on 8 when
d=0.3,Br=0.5,Du=0.5,5=0.5M=0.5

(b)

Fig 10. (a) and (b) shows effect of Br on 6 when
d=0.3,5¢=0.5Du=0.5,5=05M=0.5
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Behavior of heat transfer coefficient Z

(@) (b)

Fig 11. (a) and (b) shows effect of M on Z when
d=04,5¢=0.5,Du=0.5,5=0.5Br=0.5

(a) (b)

Fig 12. (a) and (b) shows effect of DuonZ when
d=04,5=0.5M=0.5,5r=0.5,Br=0.5
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(b)

Fig 13. (a) and (b) shows effect of Sc on Z when
d=04,Du=0.5M =0.5,5r=0.5,Br =0.5

(a) (b)

Fig 14. (a) and (b) shows effect of Sr on Z when
d=04,Du=05M =0.5,5c=0.5Br=0.5

—1x1

(@ ()

Fig 15. (a) and (b) shows effect of Br on Z when
d=04,Du=0.5,M =0.5,5=0.5,5r=0.5
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APPENDIX

=(— hMCosh[ hM 1+ Sinh[hM )’ x (= y (FMCosh[hM |+ Sinh[ hM 1)+ (F + ) Sinh[ My])
Fy+h

Al
A =
> (= hMCosh[hM ]+ Sinh[hM)

4, =‘TAZ (1> M(4Cosh[ hM |~ hMSinh[hM 1))

3

A, :;1724 (Sinh{3hM ]~ 3hMCosh[3hM |+ 108h> M * Sinh[hM )
A, = A, h* MCosh hM |

A, =f—;l (h>MCosh[hM 1~ 5hSinh[hM])
A5 (. ; .
A =m(Smh[3hM]—108hM Cosh[hM )+ A,Sinh[hM ]
A, =22 (03> Cosh My — 5ySinh[ M)
s =, My osh[My] - 5ySinh[My]

3

A, =1% (Sinh[30My]—108yM > Cosh[My])+ A, ySinh[My]
B, =(F, + h)* (Cosh[2hM 1~ Cosh[2My] - 2M> (h* — y*))
B, =(— hMCosh[ hM 1+ Sinh[hM1)(F, MCosh[hM |+ Sinh[hM ] +1)

B, = 2(F, + h) (Cosh[hM | — Cosh[ My1)(— hMCosh[hM | + Sinh[ hM 1)’

B, =T (§ 2_]\;’) (7, + Y (GM* =1104° )+ 16BrM* (F, + h)— hMCosh[hM ]+ Sinh[hM]))

(F0+h)2 (

B = 43 6M (yCosh[2My]— hCosh[2hM |)— 3(Sinh[2My] — Sinh[2hM |)— 4M (y3 B ))
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B, = F.(— hMCosh[hM ]+ Sinh[hM 1)’ — (F,, + h)(— hMCosh[hM ]+ Sinh[hM )’

(8Mn Cosh[hM ]~ hMSinh[hM )
= (F, + ) (Sinh[3hM] — 3hMCosh[3hM+108h> M * Sinh[hM )

(F, + h)(Cosh2My] - Cosh[2hM]— M (y? — 1))

B7
B8
B, = 6M*(y>Sinh[2My] — h>Sinh[2hM 1)+ 16M°> (> — )

2
= 9+6h ) (3(~ 5Sinh{2My] + 5Sinh[2hM ]~ 12M (yCosh[2My] — hCosh[2hM )+ 2M? )+ B,

>

B, = % (Cosh[4My]— Cosh[4hM | — 4(Cosh[2My] — Cosh[2hM 1))

—

F, +h)
16
F, +h)

B, = ({401 ~1Cosh[20y) - Cosh[2hM )~ 404 (y* ~ * )~ 2M((y ~ 1)Sinh[2My] - (h ~ 1)Sinh[ 20 )

—

B, = (- 2Sinh{2My] + 2Sinh[2hM | + 4M (yCosh[2My] — hCosh[2hM 1) - M (y* - )

o0

Fy+h

B, = (Fy+h) (Cosh[4My] - Cosh{4hM+16(Cosh{2My] — Cosh[2hM ) - 24M 7 (y> — )

[ F.(y? = 1* Y= MhCosh[hM ] + Sinh[kM])J X

N

B = 0
~ M(y> = h? )Sinh[hM ]+ 2h(Cosh[My] - COSh[hM])j( 5,48
2hM
M*(MR>Cosh{hM ] — 5hSinh[AM 1)(y> — h* )+12(Cosh[My] — Cosh[hM])
Fo t hj — 6M (yCosh[ My]— hCosh[hM 1)+ 2(Sinh[ My] — Sinh[ Mh))
— 2M (ySinh[ My] — hSinh[ Mh])+8M > (yZCOSh[My] - h2Cosh[hM])

B, = [F(’M—thj(M(yCosh[My] — hCosh[hM 1)— Sinh[My]+ Sinh[hM ])

B (Fy + h)’ ( M?(Cosh[3My]— Cosh[3yM 1)+ 324(Cosh[My]— Cosh[hM 1) —
'8 432 | 324M (ySinh[ My]— hSinh[hM])

B, = (Bs —M(B,,+2B,, _3MzBlz +B13))

B,, = M*(B,, +(B,s — B,, — B, )(—~ hMCosh[hM | + Sinh[hM ])

— (7, + 1Y (3M* —110M7)+16 BrM * (F, + h)(— hMCosh[AM | + Sinh[AM 1))
b 32M(—1+ PrDuSc Sr)
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- Br{(F, +h)(3M* —7M> —38)

- 16

(F, + h)M Br(~ hMCosh[hM |+ Sinh[hM ])
2

G,

C, =
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