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Abstract

The properties of capturing of peristaltic flow to a chemically reacting couple stress fluid through an inclined
asymmetric channel with variable viscosity and various boundaries are investigated. we have addressed the
impacts of variable viscosity, different wave forms, porous medium, heat and mass transfer for peristaltic
transport of hydro magnetic couple stress liquid in inclined asymmetric channel with different boundaries.
Moreover, The Fluid viscosity assumed to vary as an exponential function of temperature. Effects of almost
flow parameters are studied analytically and computed. An rising in the temperature and concentration
profiles return to heat and mass transfer Biot numbers. Noteworthy, the Soret and Dufour number effect
result on temperature and concentration profiles respectively. An incompressible couple stress fluid occupies
the porous medium. Stream function that appear under closed form as well as pressure gradient, temperature
and the equation of concentration. In a variety of involved parameters, the results are developed. Mathe-
matical analysis is prefer through large wavelength and low Reynolds number. Additionally, the numerical
integration is the technique that used to calculate the concentration, velocity, pressure and temperature
profiles respectively. Finally, Via using "MATHEMATICA" software we obtain the explanation of physical
Zparameters that graphically by a series of figures when apply variety of wave shape.
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1. Introduction

Nowadays, physiological transport of peristaltic for fluids is an essential method in some instances. Peri-
staltic motion that shown widely in different applications of engineering, industrial and biological regulation.
In human body, flow of blood in small vessels and flow with transport of food bolus as a example about this
mechanism of biological fluids. The tube pumps, open heart surgery and hose, etc. are example for helping
to explain peristaltic mechanics. In [1| Sohail at el. deal with effects of variable viscosity on the behavior of
pressure drop . The peristaltic transport with slip partial that shown by Latha et al. [2| .Some important
studies [3, 4, 5, 6] discussed the peristalsis flow. G.S.Seth et al. [7] presented a mathematical frame work for
the flow of peristaltic under porous channel. A chemical reaction and flow with slip influences was deal out
by Farooq et al. [8]. Muthuraj et al. |9] explored the impact of reaction chemically on hyderomagnetic with
dusty fluid in a channel. Non-Newtonian fluid mechanics explain through [10, 11, 12, 13]. In most of other
research works deal with the context of non-Newtonian liquid flow are topics between researchers nowadays
due to in Refs.[14, 15, 16]. Ramesh [17] studied process of heat and mass transfer in the flow of peristaltic of
couple stress fluid in an inclined asymmetric channel trough porous medium . Almost study Ghazi et al. [18]
deals with MHD problems under different looks . At Ref. [19] research deal with the impacts of heat and
mass transfer on inclined (MHD)peristaltic of pseudo plastic Nano fluid through porous . Effects of porous
Medium with variable viscosity on flow of peristaltic in asymmetric channel are discussed via Refs.[20, 21, 22].
Non — Newtonian fluid can’t be display with non-slip boundary conditions. In modern days, Almost studies
that deal with different form of wave and various boundaries. Analysis of heating influences and different
wave forms on peristaltic presented by Akram et al. [23]. The investigation of asymmetric channel on tan-
gent peristaltic flow with porous medium, magnetic field, and heat transfer in wave frame studied by Refs.
[24, 25, 26]. Moreover ,Couple stress fluid refers to a specific type of non-Newtonian fluid in which the size
of the fluid’s particles is taken into consideration. Recent research in this line on couple stress fluid has
been considered via various researchers, Eldabe et al.[27] examined peristalsis motion of Eyring-Powell fluid
with couple stress and heat and mass transfer under the effect of magnetic field. Almost research in Refs.
[28, 29, 30] has been conducted the analysis of couple stress and temperature through different boundary
conditions. Mechanism of MHD flow and heat transfer was described by Manjunatha et al.[31]. For more
details and more applications , we share in this studies the reader to [32, 33, 34, 35, 36, 37, 38| to show effect
of analysis for variable viscous through peristaltic tube or channel. In addition, Disu et al. [39] the authors
considered a porous medium between two vertical wavy with viscosity model. Foe instance, the influence of
gyrotactic microorganisms over a nonlinear stretching sheet with variable viscosity using HAM discussed via
Ref [40].

Different form of boundary duo to notable studies that effect on hydromagnetic peristaltic flow of non-
Newtonian fluid where it has now become one of the leading topics between researchers in this days. Various
wave forms of peristaltic transport of non-Newtonian fluid described via Hariharan et al. [41]. Nadeem
et al. [42] unfolded peristaltic flow of a Maxwell model through porous boundaries. In [43], Adnan et al.
explain the influence of an inclined magnetic field on peristaltic flow of Bingham plastic fluid in an inclined
symmetric channel. Applications of extended simple equation method on unstable nonlinear Schrodinger
equations proposed by Lu et al. [44]. Some other outstanding research works in context of flow with non-
Newtonian liquid duo to Refs. [45, 46, 47, 48|. Akram et al. [49, 50] depicted the remarkable research on
heating impacts and different wave forms on peristaltic flow of fluid.

The aim focus in this review has been to analysis fluid flow of peristalsis in an inclined tube as well
as porous medium existing. Through a quick look at the changes that have been represented by graphs.
This research is designed to determine and explain the effects of magnetic field, Hartmann number, porosity
parameter and various boundaries on temperature, axial velocity, concentration, pressure gradient profiles
respectively. At first, pointed equations for the fluid are significant, Then the mathematically result is solved
below a large wavelength and little Reynolds number approximation. Finally, graph of all results that shown
to present the physical manner of different emerging parameters has been considered and presented.
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2. Formulation of the problem

Let us consider MHD peristaltic transport of non-Newtonian incompressible couple stress fluid in a two-
dimensional channel of width d; 4 ds is taken into account. Asymmetry of the channel that choose constant
speed (c) along the walls with various amplitudes and phases. («) is the inclination angle of the channel.

Y-axis T=T0

Figure 1: Geometry of problem

3. Expressions for distinct wave types

The investigation deals with peristaltic transport when taken various types of wave shapes that can be
taken into account for it. The boundary wall equation are as follows [7] :

1. Trapezoidal waves

32 >~ sin (% (2m — 1))

sin (27 (2m — 1) x)] (1)

m = (2m 1)
32 sin (£ (2m —1)) .
ha (z) = —d—b lﬁz 2 ((;75_ 7 ) in (27 (2m — 1)z + ¢) (2)
2. Square waves
4 0 n+1
hi(z)=1+a ;Z 2n_1 cos (27 (2m — 1) )] (3)
m=1
4 & n+1
hy (z) = —d —b [WZ o os(2m(2m =1z +9) (4)
=1

4. The governing equations

The fundamental governing flow equations of motion in the present investigation for Non-Newtonian fluid
model with couple stress through an inclined asymmetric tapered channel for the current problem are given
by [7]:

The Continuity equation representing by:

ooV _
oxr Oy
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The Momentum equations representing by:
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AsU(z,y,t) and V (z,y,t) refer to the components of velocity along x-direction and y- direction respectively.

Here {P,T, p, jt, Bo, 0,0, 0, D,C,n , k, kp, Ty, s, Cp, 9, k1, ko, Q, } designate the pressure, the temperature,
fluid density, dynamic viscosity, magnetic strength, electrical conductivity, the inclination angle of vertical
axis, an inclination angle to horizontal axis, coefficient of mass diffusivity, the concentration, couple stress
fluid viscosity parameter, thermal conductivity, thermal diffusion ratio, temperature of medium, concen-
tration susceptibility, specific heat, gravitational acceleration , chemical reaction parameter, permeability
parameter ,and heat generation parameter respectively.

However, the relationship between the two frames is displayed for stable flow by the following form and
it can be treated as steady flow in a coordinate system (Z,y), where we switch form laboratory frame to
wave frame as follows

r=X—-ct,y=Y,o=Viu=U—c¢,p=P (10)

In which the velocity components, pressure temperature and concentration in the wave frame is designated
respectively by w,v,p, T,C .

Although, to generalize the above system of Eqgs.
encountered in our analysis can be written as |7] :

(6-9), the non-dimensional variables and quantities

ST T g Pe D
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Which, in term of stream function (¢) ,
that :

the components velocity with dimensionless are represent below by

oY

u =

Er

s

o (12)
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Where 0, Re, M, Fy., Py, Do, 7,71, Ec, Se, Sy, 0,0, Dy, By, ,

B, B,AT =T

— Ty and v are as follows, The wave

number ,Reynolds number, Hartman number, Froude number, Prandtl number, Darcy number, parameter

of couple stress fluid, parameter of chemical, Eckert number, Schmidt number, Sort number, dimensionless

concentration, dimensionless temperature, Dufour number, heat mass transfer, Biot number, parameter of

source/sink heat generation, T} temperature at ho, Ty temperature at hy and stream function respectively.
If we incorporate variables of Eq.(11) into Egs.(6-9), then we getting the following formulas :
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Now, via using long wavelength approximation § (§ < 1), with considering low Reynolds number (R, — 0)
and relationship in Eq.(12), Then, the Egs. (13-16) become as below.
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For the easily manuscript, most investigations on fluid mechanics take constant viscosity, but in this paper
we study variation of viscosity depend on fact of the viscosity is a function of heat, with dimensionless
temperature, the following form was proposed by [6].

1 (0) =e % or 11 (0) =1 — e where e < 1. (23)

where (€) is the viscosity parameter , which is constant.
By rearrangement Eq.(18) and Eq. (22), the non-dimensional will be

dp 03 1 (0% 5 o 1 O
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The suitable boundary conditions in dimensionless wave frame are at different waves, model-i (Trapezoidal
waves) and model-ii (Square waves) as follow

3
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Expression of the stream function that keeping with subjected boundary conditions Eq.(26), where {F'} is
the non- dimensional mean flow rate in the wave frame:
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The values of coefficients {c1, c2, ¢3, ¢4, 5, ¢} are so large, then their quantities be calculate under boundary
conditions Eq.(26) via using Mathematica program .

Then, we obtain the exact solution for temperature () Eq. (26), satisfy the boundary conditions (27),
as the following term yields.

1 1
0 =c5 + yce + W[—ikgk%fﬂvz + 8[c1ca — coc3 — 103 + cacy]
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+ 128¢c4ki k2 kokaps + 8cakty k3kepr — 32cakikskskiipr — 23cakikekiikspr + (o + p1o) ¥ Du Py,
(30)
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While solution of concentration, substituting equation of temperature as shown in Eq.(??) with boundary
condition Eq.(27)

o fe(FUt—R) Ry (ks — 4k2ks) (K2 — 2kaks (k2 — k2)) + (k2 (k2 — k2))
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The values of coefficients (p1, p2, p3, p4, Ps, P6, P7, P8, P9, P10, P11, ks, ke, k7, ks, ko, k10, k11) are long non-constant
and their amounts can be determined with the boundary conditions in Eq.(27) via using program Mathe-
matica 11. In addition, these coefficients can change when we apply different forms of wave shape.

5. Graphical results and discussions

In subsections (5.1 — 5.5), discuss the effects of various parameters and deep analysis on velocity distribu-
tion (u), temperature (), concentration (o), pressure gradient (dr/dz) profiles and stream lines with trapping
phenomena. In this section, we have presented a set of figures to observe and describe the behavior of various
variables. The phenomenon of trapping are also explained for trapezoidal and square waves through plotting.
The results are obtain in term of graphs.

5.1. Velocity profile

We calculate in this subsection the axial velocity via using related parameters that impact on profile of
it. The change for various values of (v, M, (), D) are clearly in Figures (1-4). As shown in figures, the velocity
profiles taken parabolic shape. Additionally, Figure 1 explain the variation in fluid couple stress parameter
() with velocity profile when the decreasing of it return to the increasing in values of this parameter at all
wave boundary shape we using. For increasing Hartmann number (M), the velocity decrease within period,
also variation of profile that different and expansion at trapezoidal wave as shown in Figure 2. In addition,
Figure 3 exhibits distribution of velocity under effect of () for both model and observe decreasing of profile
with point of inflexion in the middle. When the value of (D) increased, the axial velocity profile increases
at wall channel as we denoted in Figure 4 in both model. Clearly, we noted physical confirmation behind
reduction of velocity down the center of the channel. Moreover, the fluid velocity is satisfied boundary
condition.
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(a) Model-i: Trapezoidal wave (b) Model- ii: Square wave

Figure 2: The variation of axial velocity profile (u) for distinct values (v), at M = 1,0 = § ,a = 0.5,b =
1,d= 1.8,¢ = 0.05,2 = 1.2, D = 0.8, = 3.
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) — M=3 s
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. — Me9
) — M9 2
0 | ] -0 - - 05 00 5
20 5 05 o 05 10
(a) Model-i: Trapezoidal wave (b) Model- ii: Square wave

Figure 3: The variation of axial velocity profile (u) for distinct values of (M) at v = 1,0 = §,a = 0.5,b =
1,d=18,e=0.052=12D=08,a=3.

8 — ¢=r3 ) ]
P A ¥ - .\ (—— d=reld =04
. _— dl:iT-"ﬁ 3
a 1+ =1.0 =0.5 0.0 0.5 1.0
(a) Model-i: Trapezoidal wave (b) Model- ii: Square wave

Figure 4: The variation of axial velocity profile (u) for distinct values of (()) at v =1, M = 1,a = 0.5,b =
1,d=18,e=0.052=12D=08,a=3.
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(a) Model-i: Trapezoidal wave (b) Model- ii: Square wave

Figure 5: The variation of axial velocity profile (u) for distinct values of (D) at v =1,M = 1,0 = §,a =
0.5,b=1,d=1.8,¢=0.052=1.2a=3.

5.2. Temperature profile

We have analyze the influences of various flow parameters on the temperature profiles of fluid that
explained in Figures (5-8). Figures (5-8) is plotted for various values of (D), (8), () and (D) on (6).
Denoted that, the temperature profile increases on the inner wall of channel (solid wall). An enhancement
in fluid temperature is return to increasing of phase difference.

o — D,=0.01 0 — D,=0.01
30000 — D,=0.04 RELY: \ — D,=0.04
-4 — D,~0.09 400F | — o009

) i \

2 14 16 1§ 20 22 24 13 4 s 30

(a) Model-i: Trapezoidal wave (b) Model- ii: Square wave

Figure 6: The variation of Temperature profile (¢) for distinct values of (Dy) at v =1,M = 1,0 = §,a =
05,b=1,7 =001,d=182=12a=3,5 =155, =1,P =0.01,3=9,D = 0.03.

4000 ] — =3 . 2 10F — B5=3
. — B=6 —3x 108 —_— S=6
— =9 —4x 108 — 5=9
. =5x1
4 6 1.8 2 2 2 2
(a) Model-i: Trapezoidal wave (b) Model- ii: Square wave

Figure 7: The variation of Temperature profile (¢) for distinct values of (3) at v = 1,M = 1,0 = §,a =
05,b=1,7=00l,d= 1.8,z = 12,0 =3,5.= 15,5, = 1, P, = 0.01, D, = 0.01, D = 0.03.
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w ] — O — $=0
— g=Pu2 w =3 ]
] P" B — g=Pi2
— g¢=Pi4 -30 ]
4 — ¢=Piid
(a) Model-i: Trapezoidal wave (b) Model- ii: Square wave

Figure 8: The variation of Temperature profile (f) for distinct values of (Q)aty = 1,M = 1,8 = 3,a =
0.5,b=1,7m =001,d=18,2=12a=3,5.=15,5, =1, P = 0.01, D, = 0.01, D = 0.03.

(a) Model-i: Trapezoidal wave (b) Model- ii: Square wave

Figure 9: The variation of Temperature profile () for distinct values of (D) at v = 1,M = 1,0 = §,a =
05,b=1,7=001,d=1.82=12a=3,5. =158, =1,P = 0.01,3 =9, D, = 0.01.

5.8. Concentration profile

Figures (10-14) show the variation of the concentration profile with respect to different parameters. In
Figures, it is illustrated that the profile of concentration increases with the increase in chemical reaction
parameter (1) at model of trapezoidal wave, While noted reduction in profile at model of square wave as
shown in Figure 9. Figure 10 displays the great influence for heat generation parameter () between both
model. In addition, Figures (11-13) has been drawn to explore the concentration profile against various
physical number like Schmidt number (S.) and Brinkman number (B,).

— =02 14
u — =03 13
10 — =05 .

(a) Model-i: Trapezoidal wave (b) Model- ii: Square wave

— =02
— w=03
— =05

08

Figure 10: The variation of Concentration profile (o) for distinct values of (y1) on at v = 1,M = 1,0 =
Ta=05b=1,D=04,d=182=12a=3,5=1525,=1,P=0.1,8=13,D,=1,B, = 0.3,
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| — =14 | — a1

— 12 d Lool | —8=12

| — #=13 1 | — =13
(a) Model-i: Trapezoidal wave (b) Model- ii: Square wave

Figure 11: The variation of Concentration profile (o) for distinct values (8) at v = 1,M = 1,0 = §,a =
05,b=1,D=04,d=18r=12a=3,S.=1,5, =02,P. =0.1,7 =0.3,D, = 1, B, = 0.3.

— P15 | — P15
— F=2 | — P=2
— F=25 ! ' — B=25

(a) Model-i: Trapezoidal wave (b) Model- ii: Square wave

v

Figure 12: The variation of Concentration profile (¢) for distinct values (Py) at v = 1,M = 1,0 = §,a =
05,b=1,D=04,d=182r=12a=3,8=1,5,=02,8=13~ =0.3, Dy =1, B, = 0.3.

— B=03 — B=03

— B=04 . — 5,=04

— 5-05 . — 5=05
(a) Model-i: Trapezoidal wave (b) Model- ii: Square wave

Figure 13: The variation of Concentration profile (o) for distinct values (B,) at v = 1,M = 1,0 = §,a =
05,b=1,D=04,d=18r=12a=3,S.=1,8,=02,8=13,7 =0.3,D, =1, P, = 0.1.
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— S.=1 - — 5=1
— S.=15 . — S.=15
— S.=19 — S=2
~
(a) Model-i: Trapezoidal wave (b) Model- ii: Square wave

Figure 14: The variation of Concentration profile (o) for distinct values (S.) at vy =1, = 0.3, M = 1,0 =
T a=05b=1,D=04,d=18z=120a=3B, =035 =028=13D,=1,P, =0.1.

5.4. Gradient of pressure behavior

Figures (15-18) illustrated variation in pressure gradient with respect to various values of variables such
as coefficient of mass diffusivity (D), Froude number (F,), present couple stress fluid parameter () and
(). According to peristaltic motion, we noticed that oscillatory behavior for dr/dz. It can be observed from
Figure (13) increasing of value of (D) lead to decrease in pressure gradient as shown in model of trapezoidal
wave, While in square wave type divergence and turbulence in waves. In Figures (14) and (15) displayed
the impact of increasing in (F}), (o) increases the pressure gradient. Also, Figure (18) shows the effect of
increasing in the value of () at trapezoidal wave with decreases pressure gradually.

— b=01 — D=0.1
— D=02
— D02
— D-05
— D=06
(a) Model-i: Trapezoidal wave (b) Model- ii: Square wave

Figure 15: The variation of Pressure gradient (%) for distinct values of (D), at y=1,71 =03, M =1,0 =
Ta=05b=1,F=02d=18z=12a=3B,=03,5 =02,8=13, D,=1,P, =0.1,

— f=01 — F=01
- — F=03  Fo03
— F=06
— F=08
(a) Model-i: Trapezoidal wave (b) Model- ii: Square wave

Figure 16: The variation of Pressure gradient (Z—i) for distinct values of (F}.),at y=1,71 =03, M = 1,0 =
T a=05b=1D=04,d=18z=12a=3DB8,=03,5 =028=13D,=1,P =0.L
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— a0 — =0
— a='3 — =3
— =16
— a=m'6
(a) Model-i: Trapezoidal wave (b) Model- ii: Square wave

Figure 17: The variation of Pressure gradient (%) for distinct values of («), at y=1,v =03, M =1,0 =
5a=05b=1d=18,D=04,F =02,r=12,a0=3,B,=03,5.=02,=13,D, =1, =0.1.

:\ﬁ - o

n = o —_ yp=15
- v p=15 - —_ =15

Ve

(a) Model-i: Trapezoidal wave (b) Model- ii: Square wave

Figure 18: The variation of Pressure gradient <%> for distinct values of (v), at 1 =03, M =1,0 = §,a =
0.5,b=1,d=18,D=04,2=12,F. =02,B,=0.3,5.=02,=13,D,=1,P. =0.1.

5.5. Trapping phenomena

The closed streamlines of the bolus are formed with respect to the peristaltic motion of the wall of the
transport that apply on fluid flow within the channel. In this subsection we will discuss and analyze the
impact of some parameters on it. Formation of trapping via the disconnecting of streamlines. On the other
hand, streamlines have the same shape as a boundary wall in wave frame. with a view to investigate the
influences of trapping phenomenon at various values of v, D, M. Figures 19 to 24, determine the generation
of trapped bolus with variation of physical parameters involved in the stream function (¢) in the wave frame.
In order to investigate the impacts of trapping phenomenon at various boundaries and different values of
~ on Figures 19 and 20 were drawn, it is shown that when the value of couple stress fluid parameter (vy)
increases, the size of the bolus changes. In Figs.2land 22 illustrate how Hartmann number influence the
magnetic force contours. There is a gradually reduction in the size of trapping bolus with increment of of
value of (D) as shown in Figures 23 and 24.
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Figure 19: The effect of (y) on the streamlines with [trapezoidal wave] at M = 0.5,0 =
1,d= 1.8,D =10.083,(a) y=1(b)y=2 (¢)y=3.

s

(c)
Figure 20: The effect of () on the streamlines with [square wave|] at M = 0.5,0 = §,a = 0.5,b = 1,d =
1.8,D =0.088,aa =3,(a)y=1(b)y=2(c)y = 3.
(a)
Figure 21: The effect of (D) on the streamlines with [trapezoidal wave] at M = 0.5, = & ,a = 0.5,b
1,d=18,v=2,a=3,(a) D=0.2(b) D =0.3(c) D =0.5.
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Figure 22: The effect of (D) on the streamlines with [square wave] at M = 0.5, = §,a = 0.5,b = 1,d =
1.8,y=2,a=3,(a) D=02(b)D =0.3(c) D=0.5.

Figure 23: The effect of ( M) on the streamlines with [trapezoidal wave] at D = 0.088,0 = §,a = 0.5,b =
1,d=18,v=2,a=3,(a) M =05(b)M =1(c) M =1.5.

Figure 24: The effect of (M) on the streamlines with [square wave|] at D = 0.088,0 = §,a =0.5,b =1,d =
1.8,7v=2a=3,(a) M=050b)M =1(c) M =1.5.

6. Conclusion

The current study is performed to analyze and explain the peristaltic transport of couple stress fluid with
variable viscosity and chemical reaction. Non-linear equations are simplified via considering long wavelength
and small Reynolds number approximation. Due to the exhibited analysis, following outcomes observations
are the main of this study.

1. Note that, the axial velocity distribution is parabolic path and increase near middle of channel. But,
at walls of part og the channel we observe the velocity increases due to increasing amount of variables
at both model trapezoidal and square wave.



Alaa Waleed Salih and Ahmed M. Abdulhadi, Adv. Theory Nonlinear Anal. Appl. 7 (2023), 130-147. 145

It can be seen that, The temperature felid diminishes upon decreasing almost parameters and decreasing
with others and () temperature versus y-axis as shown in Figs.

For instance, concentration profile as we announced that larger values of heat generation parameter (3)
and effects of Schmidt number (S.) have enormous weight, specifically in case of square waves model.
Pressure gradient diverges and increases with Froude number as well as the amount of («) on channel.
Generally, in the phenomenon of trapping that observes peristaltic low of couple stress fluid under
certain conditions ,Which compare between two points for trapezoidal waveform and square waveform.
When the values of "M" and "D" a"e increased, the trapped bolus are eliminated.

Both of waveforms and different boundaries exhibited various impacts on every distribution of this
manuscript, Which makes us in future head to extended, generalized this work.
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