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Abstract

The peristaltic flow with heat and mass transfer for non-Newtonian fluid through non- darcy porous medium is investigated.
The fluid obeys Casson model and the effects of Hall currents, Ohmic and viscous dissipations, heat generation and chemical
reaction are taken into account. Problem is mathematically modulated using a system of partial differential equations
describing velocity, temperature and concentration of the fluid. The non-dimensional partial differential equations are
simplified using the approximations of long wavelength and low Reynolds number. Then this system subjected to appropriate
boundary conditions is solved by using homotopy perturbation method. The effect of obtained solutions of velocity,
temperatures and concentration as functions of the physical parameters of the problem are discussed computationally and
illustrated graphically. It is shown that the velocity decreased by increasing of the magnetic field, non —Newtonian parameter,
while it increases with non- darcian parameter and heat generation, also, the temperature decreases with increasing of Eckert
and Grashoff numbers while it increases with heat generations. Dufour number and non-direction furthermore, the
concentration decreases with Newtonian and magnetic parameters, while it increases with chemical reaction and Eckert
number.

Key of words: Casson fluid, Heat and Mass transfer, non-darcy porous medium, Peristaltic transport.

1. Introduction on the two dimensional peristaltic flow of a Johnson
Segalman fluid considered induced magnetic field
was studied by Nadeem and Akber [4]. Hayat and
Hania [5] reported the peristaltic flow with heat mass
transfer for Williamson fluid for non-uniform channel
under slip conditions. Vaidya et al. [6] analysed
peristaltic motion with effects of heat transfer for
non-Newtonian Herschel-Bulkley fluid through a
porous elastic tube. A peristaltic blood flow of non-
Newtonian Carreau fluid with heat transfer
phenomenon through a curved channel was discussed
by Tanveer et al. [7].

On the last few years several researchers studied
fluid flow through Magneto hydrodynamic (MHD) in
bio-medical and industry such as usage the magnetic
field as a blood pump in carrying out cardiac

Peristaltic transport is a form of fluid transport via
travelling waves imposed on the walls of a
distensible fluid such as transporting urine from
kidney to bladder, movement of food through
esophagus, the vasomotion of small blood vessels,
and chyme motion in the intestine [1]. Also,
peristaltic transport has vital in several applications in
industrial such as transporting corrosive fluids, roller
pumps, and sanitary fluids [2]. Earlier several
researchers have carried out the studied peristaltic
flow with heat and mass transfer under different
physical conditions. Nadeem et al. [3] investigated
the peristaltic flow of non-Newtonian third order
fluid with heat and mass transfer analysis for a
diverging tube. The effect of heat and mass transfer
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operations, and giant Magneto resistance sensors [8].
Mekheimer [9] analysed peristaltic transport for
MHD flow has couple stress fluid flow with an effect
of an induced magnetic field. The two-dimensional
peristaltic transport with heat and mass transfer of
Non-Newtonian micro polar fluid under wall
properties effect was studied by Eldabe, and Abou-
Zaid [10]. Abbasi et al. [11] reported the MHD
peristaltic transport of Carreau—Yasuda fluid taken
Hall effects in a curved conduit. Influence of Hall
current, homogeneous—heterogeneous reaction and
Joule heating for non-Newtonian third order fluid on
peristaltic flow in a channel was studied by Hayat et
al. [12]. Bhatti et al. [13] presented MHD heat and
mass transfer on the peristaltic motion for Sisko fluid
flow in the presence of chemical reaction. Nawaz et
al. [14] discussed the entropy generation of peristaltic
motion with Soret and Dufour and slip conditions
effect for Williamson fluid with radial magnetic field
in curved channel.

The main aim for the present work is
investigating the combined effects of Soret, Dufour,
Ohmic and viscous dissipations on the peristaltic
flow of Casson fluid with heat and mass transfer. The
system of resulting equations that govern the model
is solved semi-analytically using homotopy
perturbation technique. A set of graphs were used in
analyzing results and conclusion. The paper has been
presented sections wise as: The mathematical models
and formulation of the problem is revealed in Section
2. Section 3 explained the solution methodology.
Section 4 Discusses results. Section 5 depicted the
Concluding remarks.

2.  Mathematical Model

2.1. Description of the Problem

The peristaltic flow of an incompressible,
electrically conducting non-Newtonian Casson’s
fluid past a porous medium for a two-dimensional
symmetric flexible channel of width d; + dy is
investigated. A physical model is described in Fig. 1.
Taking that, X-axis as the direction flow and
considering Y-axis as normal to the flow. a;and b, are
amplitude of sinusoidal wave propagates along the
channel walls with uniform speed V. at direction of
X-axis. Appling strong constant magnetic field with
flux densityB = (0,0,B,), taking Hall effects.
Neglecting the induced magnetic field by assuming a
very small magnetic Reynolds number. Assuming T,
and C, are temperature and concentration of fluid at
the right wall while T, and C; are temperature and
concentration of fluid at the left wall. Representing
the wall geometry as:

Y(x,t) =+ H=+(d +acos[Z(x - V] (1)

Where : a ,b, 4 are waves amplitudes and wave
length
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Fig.1: Geometry of the problem

2.2. Governing Equations

The basic equations that govern the continuity,
momentum, heat and concentration of the fluid can
be written as [5]:
Continuity equation:
V.V =0 2
Momentum Equation:

po=-VB+V.T+ Uy (JxB) +Fp+ F +Fr (3)

eat equation:

T _ 2 DmKT o2 1
pCp e = KVPT +22LV2C + 2 )] + @ +

QT—-T,) (4)
Concentration equation:
‘;—f=uvzc+@v2T—Kc(C—CO) (5)

Where, p is the fluid density, V is the velocity
vector of fluid, P is the pressure, F,is the porous
force, F. is the thermal expansion due to
concentration, , Fris thermal expansion due to
temperature, Cpis the specific heat for constant
pressure, T is the temperature, k is thermal
conductivity, D,,is the coefficient of mass diffusivity,
kris the thermal diffusion ratio, C,is concentration
susceptibility, C is the concentration, o is the electric
conductivity, & is viscous dissipation, Q is heat
source constant,

J is current density which is formulation using the
generalized Ohm's law [15-17]:

J=c[E+ Vx B-vy(] x B)] (6)

Where, y is the Hall factor. Assuming no applied
or polarization voltage so the total electric field (E’ =
0). Lorentz force can be representing as:

N N _ 2 -

JxB =08 [U-mn)i+@mU+V)] (7
Where, U and V are the X and Y components of the
velocity vector, m = ayB, is Hall parameter.
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The equation of isotropic rheological for
incompressible Casson fluid flow [18, 19] can be
defined as:

Py
~ 2(;13 +§)eij > T,

2( + Py) >
12 — )€ T T
B 27_[0 ij c

Where, t;; is shear stress, m is the product of the
component of deformation rate with itself, m, is the
critical value, ug is plastic dynamic viscosity, e;; is
the deformation rate, and P, is the yield stress of the
fluid where:

_ upV2m

By

Where, B is the Casson’s parameter.
Using the above assumptions governing equations
are:

v v _
ax | ay
(8U+U6U+V8U)_—6P+ (1+1)
Plotr™“ax T Vay) T Tax THU TR
62U+62U oB2
%Xz " 9Y2) 1+ m?
+pgBr(T — Ts,) + pgBc(C — Co)

p pn

—Ly -2/ +v?) 9)
(6V+U6V+V6V)_—6P+ <1+1)
Ploar ™% ax T ay) T oy TH\M T
azv+azv o B2 I
oxz tovz) " Trme @V

—2V =W +VE) (10)
oT oT oT 0%T 0°T
pCP(a_TJ’Ua_XJ’Va_Y):k(WJrW)

1 Gl VN2 0U  aV\?

+”(1+E)<2(a_x> +2(55) +(a_y+a_x)>

2k (L 0°0) 9B (2 1 y2)Q(T - T,)(1D)

Cs \0x%2  9v%2/1+m?

0 (8)

(U—-mV)

(6C+UOC+V66)_D OZC+62(I

T X ay)  “™\ax?  ayz

DKt (9T | 92T

+ 2 (T 532) Ke(C = C) (12)

Using the transformations
x=X-Vt,y=Yu=U-V,,v=V,pk) =
P(X,t) (13)
Where, u and v are velocity components.

Consider the following non — dimensional quantities

_ X _y __u _ vV h_H 6—d
YT T T T AT
— dZP Vcd C_CO T_TO
’P: ’Re:_;(p: ) =
HVA Y g12_60 T12_To
a _ od*B d
’E=_’¢=1’M=—0, =Q_’
d v.d u(l +m?2) uCp
ch pDp K (Cy — Co)
E, ="

=———— D=
Cp(Ty — To) 4 uCpCs
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_ DmKT(Tl - To) _ v /‘{ _ chz
T VTm(Cl_CO) ' C_Dm v
nV.d?
’F=
vK

Where ,R.Reynolds number, M is magnetic
parameter isB. is Prandtl number, S, is Schmidt
number, S,is Soret number, E. is Eckert number, Dr
is Dufour number and F is non darcian parameter.
Introduce the stream function y such that

a9 a1y

u=— andv=— —

dy 0x
Using the non-dimensional variables the

equations (8)-(12) can be written as:

1 |a3y 1\ [0y ) 2
1+ a_y3_(M+E)(5+1)_F(E+1) +
GO +Gep=4 (14)
] 0 @ P 2
— | +PD| —= |+ ME.R. (= +1
0y2 0y2 dy

2
1 0 Y L,
+({1+—|ER|—|+G6RO=0% (15)
B 0y?
2 2
0 0
) s.s. | =L)-2,0=0 (16)
0y? y?

Boundary conditions can be written as:
-n W _ _ _
aty=h, Jy = 1,0=1,0=1
—_ph W__1 9= _
at y=-h, y = 1, 06=0,0=0 @an
and) =0 aty =0
where h = 1+€ cos(2mx)

3. Semi-analytical Solution

Many physics problems are modelled by
differential equations which are difficult to have their
exact solutions. The homotopy perturbation method
is a way to have approximate solutions for nonlinear
problems analytically. It was developed first by He
[20, 21] and represented by Wu and He [22].

Solving equations (14-16) subjected to boundary
conditions (17). The homotopy perturbation
technique is applied, and the solutions obtained are
functions of the physical parameters of the problem.
These solutions can be written as:

W =S50 ¥"! + Ss51 ¥°—Ss2 ¥°+Ses ¥

+554 ¥ + Se6 ¥° + Se7 ¥*

+S6s V> + Seo > +S70¥ (18)
0 = —Sos ¥'° + So5 ¥*+Sg6 ¥ +S102 ¥°

+505 ¥° + S103¥* + S104 Y3 —S105¥?

+S106Y + S107 19)
@ = Si14 )’6 + 8115 y5+5116 y4+5121 y3 +
S122 )’2 + 5123V + S124 (20)

Where (S, — S;,4) are the functions of x and defined
in the appendix.
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4. Results and physical discussion:

In this section, the results for the peristaltic flow
of Casson fluid in a symmetric channel considering
heat and mass transfer are presented graphically and
discussed for different various parameters on
velocity, temperature and concentration distributions.
The graphical results are illustrated in Figures (2-34).

Figures (2-12) illustrated the relations between
the velocity field w =1, and the different
parameters of the problem. It is clear that the velocity
decreases by the increasing of magnetic field
parameter M, the non —Newtonian Casson parameter
Band the chemical reaction parameter A, .These
results well agreement physically with the effect of
Lorentz force which retard the fluid motion, as well
as the increasing of viscosity of non-Newtonian fluid
decreasing velocity of fluid. Furthermore, the
velocity increases with non-darcian parameter F, this
due to the increased of the porosity of the medium.
Also , the velocity increases with increasing the
Grashoff G,. ,Prandtl P, ,Eckert E. numbers and heat
generation G.This due to the fact that , the cohesion
and coherence between the molecules of the fluid
decrease with increasing the fluid temperature |,
which increases the flow of the fluid.

Figures (13 - 25)discussed the relations between
the temperature 8 and different values of the physical
parameters of the problem , It shown that,
temperature increases with the non-darcian parameter
F, heat generation G, the Dufour parameter D while
it decreases with A, and Prandtl number P,
.Increasing of Casson parameter § , Eckert number
E. , Grashoff number G, , modified Grashoff number
G, and magntic parameter M . Also , the relations
between the concentration ¢ and the physical
parameters of the fluid are illustrated through the
figures (26- 34) .It is seen that the concentration
decreases by increasing Casson parameter g
,magnetic field parameter M , Soret and Shimited
numbers , and heat generations while it increases
with increasing the chemical reactions A4, .

-2.0 TR o

-1.0 -0.5 0.0 0s 1.0

Fig.2. Effect of M on velocity u
Where k=0.6, F= 0.2,G,= 0.5,G.= 0.4,P.= 0.6,G=
0.3,E.=0.6,2,=0.1, D= 3,5.=3,5,=3,=0.2
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p=02—,05———,09---

-1.0 -0.5 0.0 0.5 1.0

Fig.3. Effect of 3 on velocity u
Where k=0.6,F=0.2, G, =0.5,G.= 04,P.= 0.6,G=
0.3,E.=0.6,19=0.1, D= 3, S.= 3, S,= 3,M=4
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M=01—m 2 === 5.
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-1.0 -0.5 0.0 0.5 1.0

Fig.4. Effect of A4 on velocity u
Where k= 0.6,F= 0.2,G,= 0.5,G.=0.4,P.= 0.6,G=
0.3,E.=0.6,D=3,S.=3,5,=3,=0.2, M=4

-1.0

-1.2 ot D o R s

-14
2 .18
~ -
-1.8 Y
-2.0
-1.0 -0.5 0.0 0.5 1.0
y

Fig.5Effect of F on velocity u
Where k= 0.6,G,= 0.5, G.= 04,P.= 0.6,G= 0.3,E.=
0.6,2,=0.1, D= 3,S5.=3,5,=3,3=0.2, M=4
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Fig.6. Effect of F on velocity u
Where k=0.6, G,= 0.5, G.= 0.4, P.= 0.6,G=0.3, E.=
0.6,2p=0.1,D=3,S.=3,5,=3,,= 02,M =4
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Gr=05c—— 15 ——, 2...

-1.4}

-1.6}

Fig.7. Effect of G,. on velocity u
Where k= 0.6,F=0.2, G,.=0.5, G.= 0.4, P,=0.6,G= 0.3, E.=
0.6,2p=0.1,D¢=3,S.=3,5,=3, = 0.2, M =4

-1.0}

-1.2}

-16}

Fig.8. Effect of P, on velocity u
Where k= 0.6, F=0.2, G,= 0.5, G,.=0.4,G=0.3,E.=
0.6,4o=0.1,Df=3,5.=3,5,=3,5 = 0.2,M = 4
-1.0} '

-1.2}

Fig.9. Effect of E. on velocity u
Where k= 0.6,F= 0.2, G,= 0.5, G.= 0.4, P,= 0.6,G= 0.3, A=
0.1, D¢=3,S.=3,S,=3, 3 =0.2,M=4

-1.04+

G=03— 3 -—— 6---

-1.4}

-1.6

-1.0 -0.5 0.0 0.s 1.0

Fig.10. Effect of G on velocity u
Where k= 0.6,F=0.2, G,= 0.5, G.= 0.4, P,= 0.6, E.=
0.6,2p=0.1, D=3, S.=3, S,=3, 3 = 0.2, M=4
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Fig.11. Effect of G, on velocity u
Where k=0.6,F= 0.2, G,= 0.5, P.= 0.6,G= 0.3, E.= 0.6, A=
0.1, D¢=3,S.=3,5,=3,=0.2, M=4

-1.0 -0.5 0.0 0.5 1.0
y

Fig.12. Effect of k on velocity u
Where F=0.2, G, =0.5, G.=0.4, P,=0.6,G=0.3
, E.=0.6,2,=0.1, D=3, S.=3, $,=3, = 0.2, M=4

e G = 0 e
Fad2— 1omu 2.0 0"
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Fig.13. Effect of F on temperature 8
Where k= 0.6, G,= 0.5, G.= 0.4, P,=0.6,G=0.3, E.=
0.6,2,=0.1,D=3,5.=3,5,=3,8=0.2, M=4

25 jenmems ‘4
20
o 0 B ‘-
15 ," G= 2 “‘
@ g o X

-1.0 -0.5 0.0 0.5 1.0

y
Fig.14. Effect of G on temperature 6
Where k=0.6,F=0.2, G,= 0.5, G.= 0.4, P,= 0.6, E.=
0.6,2,=0.1, D= 3,S.=3,S5,=3,=0.2, M=4
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Fig.15 Effect of Dron temperature 6
Where k= 0.6,F=0.2, G,= 0.5, G.= 0.4, P,=0.6,G= 0.3, E.=
0.6,1,=0.1,5.=3,5,=3,=02,M=4

-1.0 -0.5 0.0 0.5 1.0
y
Fig.16. Effect ofA,0n temperature 6
Where k= 0.6,F=0.2, G,= 0.5, G.= 0.4, .= 0.6,G= 0.3, E.=
0.6,D;=3,5.=3,5,=3, =0.2, M=4

20

Fig.17. Effect of P, on temperature 6
Where k= 0.6,F=0.2, G,= 0.5, G.= 0.4,G=0.3, E.=
0.6,20=0.1,D=3,5.=3,5,=3,=02,M=4
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Fig.18 Effect of § on temperature 6
Where k= 0.6,F= 0.2,G,= 05,G.= 0.4,P.= 0.6,G=
0.3,E;.=0.6,4,=0.1,D=3,5.=3,S,= 3, M=4
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Fig.19. Effect of E. on temperature 6
Where k= 0.6,F=0.2, G,= 0.5, G.= 0.4, P,= 0.6,G= 0.3, 1,=
0.1,D(=3,5.=3,5,=3,=02,M=4

Fig.20. Effect of G,- on temperature 6
Where k= 0.6,F= 0.2, G.= 0.4, P,=0.6,G= 0.3, E.= 0.6, 1o=
0.1,D4=3,5.=3,5,=3,=02,M=4

-1.0 -05 0.0 0.5 1.0

Fig.21. Effect of G, on temperature 6
Where k= 0.6,F=0.2, G,= 0.5, P,=0.6,G= 0.3, E.= 0.6, 1o=
0.1,D4=3,5.=3,5,=3,=02,M=4
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Fig.22. Effect of M on temperature 6
Where k=0.6,F=0.2, G,= 0.5, G.= 0.4, P,=0.6,G=0.3, E.=
0.6,20=0.1,D,=3,5,=3,5,=3,5=0.2
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y y
Fig.23. Effect of S, on temperature 6 Fig.27. Effect of M on concentration ¢
Where k= 0.6,F= 0.2, G,= 0.5, G.=0.4, P,=0.6,G= 0.3, E.= Where k=0.6,F=0.2, G,= 0.5, G.= 0.4, P,=0.6,G= 0.3, E.=
0.6,40=0.1,D;=3,5,=3,=02,M=4 0.6,2p=0.1,Df=3,5.=3,5,=3,=0.2
g5 ,
Se=23 e e 7.
0.8 et uma; I
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Fig.24. Effect of S,.on temperature 6 Fig.28. Effect of S, on concentration ¢
Where k= 0.6,F=0.2, G,= 0.5, G.= 0.4, P,.=0.6,G= 0.3, E.= Where k= 0.6,F= 0.2, G,= 0.5, G.= 0.4, P,= 0.6,G=0.3, E.=
0.6,29=0.1,D;=3,5.=3, =02, M=4 0.6,20=0.1,D=3,5,=3,=02,M=4
of ¥
SN 20 TTE=EsEET
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Fig.25. Effect of k on temperature 6 Fig.29. t. Effect of G on concentration ¢ Where k=0.6,F=
Where k=0.6, G,- =0.5, G.=0.4, P,=0.6,G=0.3, E.=0.6 0.2,G,=05,G.,=0.4,P.=0.6,E;= 0.6, 1,=0.1, Ds= 3, S.=
» 40=0.1, D¢=3, 5.=3, 5,=3, = 0.2, M=4 3,5,=3,=02,M=4
° B=02— 06-——,1---
-20 ‘\\ /,"' i Gr=002—,05-——,10...
NN ,
-40 %N &
v N P
© _60 & < X- b4
-80 o
-100
| .l i
-1.0 -0.5 0.0 05 1.0 -1.0 -05 0.0 0.5 1.0
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Fig.26. Effect of 8 on concentration ¢ Fig.30.Effect of G, on concentration ¢
Where k= 0.6,F=0.2, G,= 0.5, G.= 0.4, .= 0.6,G=0.3, E.= Where k=0.6,F=0.2,G.= 0.4, P,=0.6,G=0.3, E.= 0.6, Ap=
0.6,40=0.1,D=3,5.=3,5,=3, M=4 0.1,D=3,5.=3,5.=3,=02,M=4

Egypt. J. Chem. Vol. 64, No. 9 (2021)



5222 W. Abbas et.al.

Ge=002—,06—-——,10...

-1.0 -0.5 0.0 0.5 1.0
y
Fig.31. Effect of G, on concentration ¢
Where k= 0.6,F=0.2, G,= 0.5, P,=0.6,G=0.3, E.= 0.6, 1,=
0.1,D,=3,5.=3,5,=3,=02,M=4

A=01— 38-—— 5...

-1.0 -0.5 0.0 05 1.0

y
Fig.32. Effect of 1y0n concentration ¢
Where k=0.6,F=0.2, G,= 0.5, G,= 0.4, P,=0.6,G= 0.3, E.=
0.6,D,=3,5.=3,5.=3,=02,M=4
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Fig.33. Effect of B, on concentration ¢
Where k= 0.6,F=0.2, G,= 0.5, G.= 0.4, P,.=0.6,G= 0.3, E.=
0.6,20=0.1,Df=3,5,=3,5,=3,5=0.2, M=4

K=002—,008-——,06-.-.

Fig.34. Effect of kon concentration ¢
Where F=0.2, G, =0.5,G.,=0.4,P.=0.6
,G=0.3,E,=0.6,4,=0.1,D,=3,5.=3,5,=3,=0.2,
M=4
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5. Conclusion

This paper studied flow of the electrically
conducting Casson fluid inside a vertical symmetric
channel with flexible walls taking heat and mass
transfer, Hall coefficient, viscous and elastic
dissipation, heat generation and chemical reaction.
The solution of non-linear partial differential
equations which represent the velocity, temperature
and concentration are obtained after applying the
approximations of long wave length and low
Reynolds number, with homotopy perturbation
method. The influence of the physical parameters of
the problem on these solutions are discussed
numerically and graphically.

The very important results can be summarized

e The velocity u decreases by increasing magnetic
field parameter M, non-Newtonian Casson
parameter fand the chemical reaction parameterA,,.

e The wvelocity u increases with non-darcian
parameter, the Grashoff G, , Prandtl P, Eckert E,
numbers and heat generation G.

e The temperature 6 increases with the non-darcian
parameter F, heat generation G, and the Dufour
parameter Dy .

e The temperature 6 decreases with A, and Prandtl
number P, .Increasing of Casson parameter, Eckert
number E. , Grashoff numberG, , modified
Grashoff number G, and magntic parameter.

e The concentration ¢ decreases by increasing
Casson parameter 8, magnetic field parameter M,
Soret S,and Shimited numbers S. and heat
generations G

e The concentration ¢ increases with increasing
the chemical reactions A, .

6. Appendix:
S0 = 2 S = (1) - (2
(1+)
1 1
5= (1+ ) 5= (M+@)
2 S,
5= () S5 = (35)(Ss = FSoh?)
2
_ (G + G,) §; = (54-}7'4)
6 — S h2
(@hs2) - (F5) - o
S. S
S S
S10 = (ﬁ) Si1 = (?7)



SORET AND DUFOUR EFFECTS WITH HALL CURRENTS ON PERISTALTIC .. 5223

S12 = ( 12 )
. - ME_P.S,?
14 = ( 120 )
_ (105,514
16 M
D
187 (12h)
S0 = h? [514h4 - 517h2
+ S10]
522 = 3h521
S = 3521h3
(70SgSoF)
26 = ¢
S2

_ F(2583 + 4255:1)

28 = s,
S30 = (7SgS3) + (GrS14)

_ (S30 + S31)
2= g

S34 = (55953) = (GyS$17)

G = (S34 + S35)
36T o
2

S30 = (75553) + (Gr-S14)

Sa1 = (GrS10) —
(GcS32) + (353511)

_ (S41 + Sa2)
B=T g

S4s5 = 4513513F

S47 = F5123

h2
5= )
[(28,h*) + (5S5h?)
+ (30S,)]

S15 = 5514h2
S17 = S15 — S16

519 = 15514,h4 + 3h518

Ao

Sy = ———
217 (12h)
Sa3 = Sp1h?
_ (49FS3)
25 — 52
(565gS10F)
7=
2

529
F(28S4S;, — 4056S10)

= Sz

S31 = F[(16S120)
—(14S85S13) + (3055511)]

533
F(2084S1; — 24S10S11)

= 52

S35 = F[(95121)
—(1085513)
— (16510512)]

S37 = (GrS1g) —
(GeS21) — (483510)

_ (S37 + S38)
40 ="

S42 = F[(45122)
—(6S811513)]

Saa
= (253512) — (G+h*Sy1g)
+(GcS23)

(Saa — S4s)
S -
46 S>

Sus
= (83513) + (GrS20)
- (60524)

Egypt. J. Chem. Vol. 64, No. 9 (2021)

— (547 B 54-8)

S
49 S,

[(sth“)

182
(S26h™) | (S25h")
132 90

(8532h®) | (S36h°)

56
(Sszh®) (549h2)]

S51 =

12 2
_ (S26)
537 1716
(S28)
Sss = 9;%
(S32)
Ss7 = 531
(S36)
Sso = zig
(S43)
561_ 60
(S40)
Se3s =—¢

Ses = (Sg + Sso)

Se7 = (Sez — S10)

S0 = (S12 *+ Se4)
S71=MEP. Sp

S73 = S71(7Sg — 5S5)

S75 = (S73 + S74)

S77 = 571(589 — 3511)

S79 = (S77 — S78)

o1
_ [245:511510)
M

+ [GP- Sig]

550
_ [(527h10) _ (529h8)
Y110 72
_ (S53h%)  (Saoh®)
42 20
(Sa6h®)
— T]

(S25)
2730

S5y =

_ (827)
1320

_ (529)
720

_ (S33)
336

_ (Sa0)
120

_ (Sa6)
24

(Ss0)
2

Ses4 =
See = (So + Se1)

So
Seg = [(g) + 811 + Se3]

S70 = (81— S13 — Ss1)
S72 = 78871
S74
_ (—845,57,5s)
- M
+ [GP S14]
S76 = 4510571
S7g
_ [(40857150)
M
+ [GP S17]
Sgo = S71(2812 + 4S510)

Sg2 = (Sg1 — Sgo)



5224 W. Abbas et.al.
Sgz = S71(S13 +3511) Sga S121 = (S21 + S117) S122 = (S22 + S118)
_ [(—12552571511) L
- M S
M 123 S124 = E = (8524) — (S120)
+ [GPr 519]

Sgs = (Sgz + Sga)

587

= 571[(2812) — (m)]

M

589
= (ZPT DfSZZ
+ S71513+GP; Syp)

591 5
_ S72h Sys
- h8[< 90 )_ (E)]

Soz = (S91 — So2)

So5 = %
So7 = %
Sg9 = %
S101 = %

S103 = (S17 + Sa9)

S105 = (S19 + S101)

1
S107 = 3 + S20 + So3

S100 = @3 05145108)

Si11
= (A0522) — (125175108)

S113
= (25195108) - (/10524)

S110
Si15 = W
S112
S117 = 6
Si19
= h?[( S115h?) + (S117)]

Sge = (6P DpSp;
+GP, S1gh?)

Sgg = (Sg7 — Sge)

Sgq = Z_BZ
So6 = %
Sog = %
S100 = %

S102 = (597 = S14)

S104 = (5100 - 518)

+ (S1gh?)
= (S90)

S106 = m
S108 = (Scsr)

S110 = (10521)

S112 = (6S18S108)

—(A0S23)
_ S100
114 = 37
S111
S116 = 12
S113
S118 = 2
S120

_ 32 [ (S114hY)
+(S116h%) + (S118)

Egypt. J. Chem. Vol. 64, No. 9 (2021)

= m = (823) — (S119)

7.
[1]

[2]

(31

[4]

(5]

(6]

[7]

(8]

[9]

[10]

[11]

References:

A. Sinha, G. C. Shit, and N. K. Ranjit. "Peristaltic
transport of MHD flow and heat transfer in an
asymmetric channel: Effects of variable viscosity,
velocity-slip and temperature jump." Alexandria
Engineering Journal 54, 691-704, 2015.

M. V. Krishna, and B. V. Swarnalathamma. "Heat
and mass transfer on the Peristaltic flow of an
incompressible electrically conducting Williamson
fluid through a porous medium in a symmetric
channel with Hall current effects and inclined
magnetic field." International Journal of Scientific
& Engineering Research, 6, 941-957, 2015

S. Nadeem, N. S. Akbar, N. Bibi, S. Ashig,
Influence of heat and mass transfer on peristaltic
flow of a third order fluid in a diverging tube,
Commun Nonlinear Sci. Numer. Simulat. 15, 2916-
2931, 2010.

S. Nadeem, N. S. Akber, Influence of heat and mass
transfer on peristaltic flow of a Johnson-Segalman
fluid in a vertical asymmetric channel with induced
MHD, Journal of Taiwan institute of Chemical
Engineers 42, 58-66, 2011.

T. Hayat, S. Hina, Effects of heat and mass transfer
on peristaltic of flow of Williamson fluid in a non-
uniform channel with slip conditions, International
Journal for Numerical Methods in Fluids, 67, 1590-
1604. 2011.

H. Vaidya, M. Gudekote, R. Choudhari, and K. V.
Prasad "Role of slip and heat transfer on peristaltic
transport of Herschel-Bulkley fluid through an
elastic tube.” Multidiscipline Modeling in Materials
and Structures, 14, 940-959, 2018.

A. Tanveer, T. Hayat, A. Alsaedi, and B. Ahmad.
"Heat transfer analysis for peristalsis of MHD
Carreau fluid in a curved channel through modified
Darcy law." Journal of Mechanics, 35, 527-535,
2019.

M. A. El Kot, W. Abbas, "Numerical technique of
blood flow through catheterized arteries with
overlapping stenosis”, Computer Methods in
Biomechanics and Biomedical Engineering, 20, 45—
58, 2017.

Kh. S. Mekheimer, Effect of the induced magnetic
field on peristaltic flow of a couple stress fluid,
Physics Letters A, 372, 4271-4278, 2008.

N. T. Eldabe, M.Y. Abou-Zaid, The Wall Properties
Effect on Peristaltic Transport of Micro polar Non-
Newtonian fluid with Heat and Mass Transfer,
Mathematical Problems in Engineering (2010).

F. M. Abbasi, T. Hayat, A. Alsaedi, Numerical
analysis for MHD peristaltic transport of Carreau—


https://scholar.google.com.eg/citations?view_op=view_citation&hl=en&user=DCs8spIAAAAJ&citation_for_view=DCs8spIAAAAJ:Wp0gIr-vW9MC
https://scholar.google.com.eg/citations?view_op=view_citation&hl=en&user=DCs8spIAAAAJ&citation_for_view=DCs8spIAAAAJ:Wp0gIr-vW9MC
https://scholar.google.com.eg/citations?view_op=view_citation&hl=en&user=DCs8spIAAAAJ&citation_for_view=DCs8spIAAAAJ:Wp0gIr-vW9MC
https://www.sciencedirect.com/science/journal/03759601
http://refhub.elsevier.com/S2212-540X(17)30043-3/sbref3
http://refhub.elsevier.com/S2212-540X(17)30043-3/sbref3
http://refhub.elsevier.com/S2212-540X(17)30043-3/sbref3

SORET AND DUFOUR EFFECTS WITH HALL CURRENTS ON PERISTALTIC ..

5225

[12]

[13]

[14]

[15]

[16]

[17]

Yasuda fluid in a curved channel with Hall effects,
Journal of Magnetism and Magnetic Materials. 382,
104-110, 2015.

T. Hayat, A. Bibi, H. Yasmin, B. Ahmad,
Simultaneous effects of Hall current and
homogeneous/heterogeneous reactions on

peristalsis, J. Taiwan Inst. Chem. Eng. 58 , 28-38,
2016.

M. M. Bhatti, A. Zeeshan, R. Ellahi, and G. C. Shit.
"Mathematical modeling of heat and mass transfer
effects on MHD peristaltic propulsion of two-phase
flow through a Darcy-Brinkman-Forchheimer
porous medium." Advanced Powder Technology 29,
1189-1197, 2018.

S. Nawaz, T. Hayat, and A. Alsaedi. "Analysis of
entropy generation in peristalsis of Williamson fluid
in curved channel under radial magnetic
field." Computer methods and programs in
biomedicine 180, 105013, 2019.

W. Abbas, E.A. Sayed, "Hall current and joule
heating effects on free convection flow of a
nanofluid over a vertical cone in presence of thermal
radiation”. Thermal Science, 21, 2603-2614, 2017

H. A. Attia, W. Abbas, and M. A. M. Abdeen, "lon
slip effect on unsteady Couette flow of a dusty fluid
in the presence of uniform suction and injection
with heat transfer", Journal of the Brazilian Society
of Mechanical Sciences and Engineering, 38:2381—
2391, 2016.

H. A. Attia, W. Abbas, A. E-D Abdin, and M. A. M.
Abdeen, "Effects of lon Slip and Hall Current on
Unsteady Couette Flow of a Dusty Fluid through
porous media with Heat Transfer”, High
Temperature, VVol. 53, No. 6, pp. 891-898., 2015

Egypt. J. Chem. Vol. 64, No. 9 (2021)

[18]

[19]

[20]

[21]

[22]

Z. Shah, A. Dawar, |. Khan, S. Islam, D. L. C.
Ching, and A. Z. Khan, “Cattaneo-christov model
for electrical magnetite micropoler casson ferrofluid
over a stretching/shrinking sheet using effective
thermal conductivity model,” Case Studies in
Thermal Engineering, vol. 13, p. 100352, 2019.

N. T. Eldabe, M .E.Gabr, S. A. Zaher, Boundary
layer flow of MHD Casson-nanofluid with heat and
mass transfer through porous medium over a semi-
infinite moving plate, Journal of Interpolation and
Approximation in Scientific Computing, Vol. 2018,
21-34, 2018.

J.-H. He, “Homotopy perturbation technique,”
Computer methods in applied mechanics and
engineering, vol. 178, pp. 257262, 1999.

J.-H. He, “A coupling method of a homotopy
technique and a perturbation technique for non-
linear problems,” International journal of non-linear
mechanics, vol. 35, pp. 37-43, 2000.

Y. Wu and J.-H. He, “Homotopy perturbation
method for nonlinear oscillators with coordinate-
dependent mass,” Results in Physics, vol. 10, pp.
270-271, 2018


http://refhub.elsevier.com/S2212-540X(17)30043-3/sbref3
http://refhub.elsevier.com/S2212-540X(17)30043-3/sbref3
http://refhub.elsevier.com/S2212-540X(17)30043-3/sbref3
https://www.sciencedirect.com/science/journal/03048853
http://refhub.elsevier.com/S2212-540X(17)30043-3/sbref3
http://refhub.elsevier.com/S2212-540X(17)30043-3/sbref3
http://refhub.elsevier.com/S2212-540X(17)30043-3/sbref3
http://refhub.elsevier.com/S2212-540X(17)30043-3/sbref3
http://refhub.elsevier.com/S2212-540X(17)30043-3/sbref3
http://refhub.elsevier.com/S2212-540X(17)30043-3/sbref3
http://refhub.elsevier.com/S2212-540X(17)30043-3/sbref10
http://refhub.elsevier.com/S2212-540X(17)30043-3/sbref10
http://refhub.elsevier.com/S2212-540X(17)30043-3/sbref10
http://refhub.elsevier.com/S2212-540X(17)30043-3/sbref10
http://refhub.elsevier.com/S2212-540X(17)30043-3/sbref10
http://refhub.elsevier.com/S2212-540X(17)30043-3/sbref10
http://refhub.elsevier.com/S2212-540X(17)30043-3/sbref10
https://scholar.google.com.eg/citations?view_op=view_citation&hl=en&user=DCs8spIAAAAJ&cstart=20&authorid=2354867167855846048&citation_for_view=DCs8spIAAAAJ:IWHjjKOFINEC
https://scholar.google.com.eg/citations?view_op=view_citation&hl=en&user=DCs8spIAAAAJ&cstart=20&authorid=2354867167855846048&citation_for_view=DCs8spIAAAAJ:IWHjjKOFINEC
https://scholar.google.com.eg/citations?view_op=view_citation&hl=en&user=DCs8spIAAAAJ&cstart=20&authorid=2354867167855846048&citation_for_view=DCs8spIAAAAJ:IWHjjKOFINEC
https://scholar.google.com.eg/citations?view_op=view_citation&hl=en&user=DCs8spIAAAAJ&cstart=20&authorid=2354867167855846048&citation_for_view=DCs8spIAAAAJ:IWHjjKOFINEC
http://link.springer.com/article/10.1007/s40430-015-0311-y
http://link.springer.com/article/10.1007/s40430-015-0311-y
http://link.springer.com/article/10.1007/s40430-015-0311-y
http://link.springer.com/article/10.1007/s40430-015-0311-y
http://link.springer.com/journal/40430
http://link.springer.com/journal/40430
http://link.springer.com/journal/10740
http://link.springer.com/journal/10740

