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ORIGINAL STUDY

Motion Analysis With a Peristaltic Flow Temperature
and Concentration of Williamson Fluid Through an
Endoscopic Hollow Elastic Channel

Walaa N. Al-Delfi*, Dheia G. Al-khafajy

Department of Mathematics, College of Science, University of Al-Qadisiyah, Diwaneyah, Iraq

Abstract

This research aims to study and analyze the effect of temperature and concentration variation on the magneto-
hydrodynamic peristaltic flow of Williamson fluid through a flexible porous channel with an endoscope in the centre of
the channel. A magnetic field is created by the electrical conduction of a fluid flow channel. The coordinates used are
cylindrical, assuming a long-wavelength “relative to the width of the channel to its length” the non-linear and non-
homogeneous partial differential equations that govern the problem have been simplified, and by using dimensionless
equations, we obtained the results of the problem through the “Mathematics 12” program these results analyzed.

Keywords: Williamson fluid, Magnetohydrodynamic(MHD), Peristaltic flow, Wall properties, An endoscope

1. Introduction

P eristalsis is a type of liquid carrier propelled

along the length of a distensible cylinder con-
taining liquids by a dynamic surge of constriction or
extension. An area with lower compression is pum-
ped to an area with higher compression [1]. Many
smooth muscle cylinders appear to have this natural
characteristic, including the gastrointestinal system,
conceptive tract, fallopian tube, bile pipe, ureter, and
throat. Peristalsis's mechanism has been used in the
biomedical field and for commercial purposes [1,2].
Latham [3] coined the term “peristalsis” in 1966.

Shapiro et al. [4]. have further investigated the phe-
nomenon. The theoretical and experimental research
studies have been discussed for various types of fluid
flows in various channels of peristalsis [5]. Several
scientists are also looking at how the magnetic field
and the existence of permeability in the fluid
flow channel interact [5e10]. Current research ex-
amines how temperature affects how liquids flow
along a channel. Peristalsis is crucial for treating

hyperthermia, arterial flow, cancer treatment, and
other disorders where there are magnetic field effects
present. In crucial applications like oil extraction from
the ground and food absorption in the intestine,
permeability plays a significant role in fluid transport.
The majority of academics concur that a fluid's ve-
locity increases as its temperature rises, however the
difference in concentration has an uncertain effect on
fluid velocity, which is what motivated us to submit
this study.

1.1. Mathematical formulation

Consider the Williamson fluid flowing magneto-
hydrodynamically peristaltically through a flexible
porous channel with an endoscope positioned at the
channel's cylindrical center (see Fig. 1).
It is defined as the geometry of the wall surface:

r¼ r1 ¼ a1 Innerwall

r¼ r2ðz; tÞ¼ a2þbSin
�
2p
L ðz� stÞ

�
Outerwall

9=
; ð1Þ
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Such a2 is currently an undisturbed channel's
average radius, b was the peristaltic wave's ampli-
tude, L that wavelength, s was the speed of wave
propagation, and t is the time.

2. Basic equations

The fundamental equations regulating the
incompressible non-Newtonian fluid known as the
Williamson fluid are supplied.
The continuity equation is given

VV¼0 ð2Þ

The equation of momentum

rðV :V ÞV¼V
�� p Iþt

�þmpj�Bþrgb1ðT�T0Þ

þrgb1ðS�S0Þ � m

K)
V1 ð3Þ

The equation of temperature it's given by:

Tu:rðV :VÞT¼Tm:V
2T�V:Qr �QðT�T0Þ ð4Þ

The equation of concentration is given:

ðV :VÞS¼GnV
2SþGnTe

Tn
V2T ð5Þ

Where V2 ¼ 1
r

v
vr

�
r v
vr

�
(Laplace operator), V a ve-

locity field, r is a density, and VV is the fluid velocity
gradient, mp is the magnetic permeability; also m is
the dynamic viscosity, I is induced current, B ¼
ð0;B0; 0Þ is the magnetic field, and J represents the
Cauchy stress tensor, T is the temperature, S is the
concentration of the fluid, Tu is the specific heat
capacity at constant pressure, Tm is the thermal
conductivity, Qr is the radiation heat flux Gn is the
coefficient of mass diffusivity, Tn is a fluid's average
temperature, KT is the thermal diffusion ratio, K) is
the permeability and Q heat generation.
The following are the constitutive equations for an

incompressible Williamson fluid;

t ¼
h
m∞þðm0þm∞Þð1�G _gÞ�1

i
_g ð6Þ

Where t the additional stress tensor, m∞ is the
endless shear viscosity, m0 the viscosity at zero shear
rate, G time is a constant and _g is shear strain is
described in the coordinates of cylindrical ðr, q, zÞ as
follows.

3. Method of solution

The public and private two-frame coordinate
transformations are given by;
r ¼ R, v1 ¼ V1, v3 ¼ V3 � s, z ¼ Z� st

where (v1, v3) and (V1;V3) are velocity components in
the moving and static frames, respectively. By using
these transforms, The problem's equations are:

vv1
vr

þv1
r
þvðv3 þ sÞ

vz
¼0 ð7Þ

r

�
vv1
vt

þv1
vv1
vr

þðv3þ sÞvv1
vz

�
¼ �vp

vr
þ1
r
v

vr
ðrt rrÞ

þ v

vz
ðt rzÞ�t

ww

r
� m

K)
v1 � sB2

0v1

ð8Þ

r

�
vðv3 þ sÞ

vt
þv1

vðv3 þ sÞ
vR

þðv3þ sÞvðv3 þ sÞ
vz

�

¼ �vp
vz

þ1
r
v

vr
ðrt rzÞþ v

vz
ðt zzÞþrgb1ðT�T0Þ

þrgb2ðS�S0Þ� m

K)
ðv3þ sÞ � sB2

0ðv3þ sÞ

ð9Þ

vT
vt

þv1
vT
vR

þðv3þsÞvT
vZ

¼ Tm

Tur

�
v2T
vr2

þ1
r
vT
vr

þv2T
vz2

�

þ16s0TE
2

3k0Tu r

1
r
v

vr

�
vT
vr

�
� q
Tu r

ðT�T0Þ
ð10Þ

vS
vt

þv1
vS
vr

þðv3þ sÞvS
vz

¼Gn

�
v2S
vr2

þ1
r
vS
vr

þv2S
vz2

�

þGnTe

Tn

�
v2T
vr2

þ1
r
vT
vr

þv2T
vr2

� ð11Þ

t r r ¼2ðm0þðm0�m0ÞG _gÞ
�
2
vv1
vr

�

t r z¼ðm0þðm0�m∞ÞG _gÞ
�
vV1

vz
þvðv3 þ sÞ

vr

�

t zz¼2m� ð1þGj _gjÞ
�
2
vðv3 þ sÞ

vz

�

The corresponding boundary conditions

Fig. 1. The problem Geometry.
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v3 ¼�1;v1 ¼ 0;T ¼ T0;S¼ S1;at r ¼ r1 ¼ a1

v3 ¼�1;v1 ¼ 0;T ¼ T1;S¼ S0;at r ¼ r2ðz; tÞ ¼ a2

þb Sin
�
2p
L ðz� stÞ

�

It has been discovered the formula controlling the
properties of flexible wall channel at r ¼ r2;

L)ðr2Þ¼p�p0¼A
v4

vZ
4�B

v2

vZ
2þC

v2

vt2
þD

v

vt
þ EL ð12Þ

where A is a wall's flexural stiffness, B is a longitu-
dinal tension per unit width, C is a mass per unit
area, D is a viscous damping coefficient and EL is the
stiffness of a spring.
We can introduce the following dimensionless

transformations to reduce the complexity of the
motion's governing equations:

where “∅ amplitude ratio, Re Reynolds number, d
dimensionless wave number, We Weissenberg
number”, also “Re ¼ rsa2

m
Reynolds number, Pr ¼ mTm

Tu

the Prandtl number, Da ¼ k)
a22
Darcy number, Sc ¼ m

rGn

Schmidt number, Sr ¼ rgGnTeðT1�T0Þ
mTmðs1�s0Þ Sort number,

Gr ¼ rgb1a22ðT1�T0Þ
ms thermal Grashof number, Rn ¼ k0Tmm

4TE
2s0

thermal radiation parameter, M2 ¼ sa22B
2
0

m
magnetic

parameter, Gc ¼ rgb2a
2
2ðs1�s0Þ
ms Solutal Grashof.

Introducing non-dimensional analysis (13) for
equations (7)e(12) and then dropping over-bars, the
above boundary conditions and governing equa-
tions can be rewritten as follows;

�
S
L

��
vv1
vr

þv1
r
þvv3

vz

�
¼0 ð14Þ

Red3
�
vv1
vt

þv1
vv1
vr

þðv3þ1Þvv1
vz

�
¼�vp

vr
þd

1
r
v

vr
rtrr

þ d2
v

vz
ðtrz Þ�d

tqq
r
� d2

Da
v1 � d2M2v1

ð15Þ

Red
�
vv3
vt

þv1
vv3
vr

þðv3þ1Þvv3
vz

�
¼�vp

vz
þ1
r
trzþ v

vr
trz

þd
v

vz
tzz�

�
M2þ 1

Da

�
v3�

�
M2þ 1

Da

�
þGrHþGcS

ð16Þ

Re d
�
vT
vt

þv1
vH
vr

þðv3þ1ÞvH
vz

�
¼ 1
Pr

�
v2H
vr2

þ1
r
vH
vr

þd2
v2H
vz2

�
þ 4
3Rn

1
r
v

vr

�
r
vH
vr

�
�UH

ð17Þ

Re d
�
vS
vt

þv1
vS
vr

þðv3þ1ÞvS
vz

�
¼ 1
SC

�
v2S
vr2

þ1
r
vS
vr

þ d2
v2S
vz2

�

þSr
�
v2H
vr2

þ1
r
vH
vr

þd2
v2H
vz2

�
ð18Þ

The relevant boundary conditions for the dimen-
sionless variables in the wave frame are as follows:

v3 ¼�1;v1 ¼ 0;H¼ 0;S¼ 1;at r ¼ r1 ¼ 3

v3 ¼�1;v1 ¼ 0;H¼ 1;S¼ 0;at r ¼ r2
¼ 1þ∅:Sinð2pðz� tÞÞ

�
ð19Þ

The pressure at the fluidewall interface must be
the same as the pressure acting on the fluid, ac-
cording to stress continuity. The momentum equa-
tion is used to calculate the dynamic boundary
conditions at the elastic walls.

k1
v5ðr2Þ
vz5

�k2
v3ðr2Þ
vz3

þk3
v3ðr2Þ
vzvt2

þk4
v2ðr2Þ
vzvt

þk5
vðr2Þ
vz

¼1
r
v

vr
ðrtrzÞ�

�
M2þ 1

Da

�
v3�

�
M2þ 1

Da

�
þGrHþGcS

ð20Þ

v1 ¼ v1L
a2s

;v3 ¼ v3
s
; r ¼ r

a2
; z¼ z

L
;t¼ a2t

m s
;d¼ a2

L
; t ¼ st

L
;p¼ a22p

msL
; _g¼ a2 _g

s
;∅¼ b

a2
;

H¼ T � T0

T1 � T0
;S¼ s� s0

s1 � s0
;U¼ qa22

mTp
;We ¼ Gs

a2
; r1 ¼ r1

a2
¼ 3<1; r2 ¼ r2

a2
¼ 1þ∅sinð2pzÞ

9>>>=
>>>;

ð13Þ
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where k1 ¼ Aa32
msL5 is a wall's flexural stiffness, k2 ¼ � Ba32

msL3

is a longitudinal tension per unit width, k3 ¼ Csa32
mL3 is a

mass per unit area, k4 ¼ Da32
mL2 is a viscous damping

coefficient, and k5 ¼ ELa32
msL is the stiffness of a spring.

We shall restrict our analysis to the premise of a
tiny dimensionless wave number because it seems
impossible to address the problem in its generalized
form d≪1: To put it another way, we discovered the
approximate long wavelength. This assumption
leads to Equations (14)e(20):

vv1
vr

þv1
r
þ vv3

vz
¼ 0 ð21Þ

vp
vr

¼0 ð22Þ

vp
vz

¼1
r
v

vr
ðrtrzÞ�

�
M2þ 1

Da

�
v3�

�
M2þ 1

Da

�
þGrH

þGcS

ð23Þ�
1
Pr

þ 4
3Rn

�
1
r
v

vr

�
r
vH
vr

�
�UH¼0 ð24Þ

1
Sc

�
v2S
vr2

þ1
r
vS
vr

�
¼ � Sr

�
v2H
vr2

þ1
r
vH
vr

�
ð25Þ

k1
v5ðr2Þ
vz5

�k2
v3ðr2Þ
vz3

þk3
v3ðr2Þ
vzvt2

þk4
v2ðr2Þ
vzvt

þk5
vðr2Þ
vz

¼1
r
v

vr
ðrtrzÞ�

�
M2þ 1

Da

�
v3�

�
M2þ 1

Da

�
þGrHþGcS

ð26Þ

where

trr ¼tzz¼0 and trz¼
 
vv3
vr

þWe
�
vv3
vr

�2
!

ð27Þ

Replacing trz from equation (27) in equation (20),
we have:

k1
v5ðr2Þ
vz5

�k2
v3ðr2Þ
vz3

þk3
v3ðr2Þ
vzvt2

þk4
v2ðr2Þ
vzvt

þk5
vðr2Þ
vz

¼1
r
v

vr

 
r

 
vv3
vr

þWe
�
vv3
vr

�2
!!

�
�
M2þ 1

Da

�
v3

�
�
M2þ 1

Da

�
þGrHþGcS

ð28Þ

4. Temperature and concentration equation
solutions

Rewrite the temperature equation (24) as follow:

v2H
vr2

þ1
r
vH
vr

¼�AH ð29Þ

where A ¼ �U

ð 1
Prþ 4

3RnÞ, with the boundary condition

Hðr1Þ ¼ 0;Hðr1Þ ¼ 1. So that the solution are

H¼ J0½0;
ffiffiffiffi
A

p
r�c1 þY0½0;

ffiffiffiffi
A

p
r�c2 ð30Þ

where c1 ¼ Y0½0;
ffiffiffi
A

p
e�

�J0½0;
ffiffiffi
A

p
e�Y0½0;

ffiffiffi
A

p
h�þJ0½0;

ffiffiffi
A

p
h�Y0½0;

ffiffiffi
A

p
2� and

c2 ¼ J0½0;
ffiffiffi
A

p
e�

J0½0;
ffiffiffi
A

p
e�Y0½0;

ffiffiffi
A

p
h��J0½0;

ffiffiffi
A

p
h�Y0½0;

ffiffiffi
A

p
2�

The concentration equation (28), as follows:

v2S
vr2

þ1
r
vS
vr

¼�BH

where B ¼ U)ScSr
ð 1
Prþ 4

3RnÞ, with the boundary condition

Sðr1Þ ¼ 1; Sðr1Þ ¼ 0. So that the solution are

S¼

0
BBBBB@

BJ0
�
0;

ffiffiffiffi
A

p
e
	
Y0
�
0;

ffiffiffiffi
A

p
r
	

A
�
J0
�
0;

ffiffiffiffi
A

p
e
	
Y0
�
0;

ffiffiffiffi
A

p
h
	� J0

�
0;

ffiffiffiffi
A

p
h
	
Y0
�
0;

ffiffiffiffi
A

p
e
	�

� B
��1þ J0

�
0;

ffiffiffiffi
A

p
r
	�
Y0½0;

ffiffiffiffi
A

p
e�

A
�
J0
�
0;

ffiffiffiffi
A

p
e
	
Y0
�
0;

ffiffiffiffi
A

p
h
	� J0

�
0;

ffiffiffiffi
A

p
h
	
Y0
�
0;

ffiffiffiffi
A

p
2
	�

1
CCCCCA

þc4þc3Log½r�

where c3 ¼ � AþB
AðLog½h��Log½e�Þ, and

c4¼ �

0
@�A J0

h
0;

ffiffiffiffi
A

p
e
i
Y0

h
0;

ffiffiffiffi
A

p
h
i
Log½h� þ BY0

h
0;

ffiffiffiffi
A

p
e
i
Log½h� þA J0

h
0;

ffiffiffiffi
A

p
h
i
Y0

h
0;

ffiffiffiffi
A

p
e
i
Log½h��

B J0
h
0;

ffiffiffiffi
A

p
e
i
Y0

h
0;

ffiffiffiffi
A

p
h
i
Log½2� � B Y0

h
0;

ffiffiffiffi
A

p
e
i
Log½2� þ B J0

h
0;

ffiffiffiffi
A

p
h
i
Y0

h
0;

ffiffiffiffi
A

p
h
i
Log½2�

1
A

A
�
J0
�
0;

ffiffiffiffi
A

p
e
	
Y0
�
0;

ffiffiffiffi
A

p
h
	� J0

�
0;

ffiffiffiffi
A

p
h
	
Y0
�
0;

ffiffiffiffi
A

p
2
	�ðLog½h� � Log½2�Þ
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The corresponding stream function is v1 ¼ � 1
r
vj
vz

and v3 ¼ 1
r
vj
vr .

5. Perturbation method solution

The momentum and stream functions are found
in this section. Due to the nonlinear of equation (28),
an accurate solution might not be feasible. As a
result, we use a of the regular perturbation method
to locate the answer of We “Weissenberg number”
for a second order. For perturbation solution, we
expand as

v3¼v03þWev13 þO
�
We2

� ð31Þ

Substituting equation (31) into equation (28) with
boundary conditions, then equating the like powers
of We, we obtain

5.1. Zero-order

L¼v2v03

vr2
þ1
r
vv03

vr
�
�
M2þ 1

Da

�
v03 ð32Þ

With boundary condition
v03 ¼ �1; at r ¼ r1 ¼ 3

and r ¼ r2 ¼ 1þ∅:Sinð2pðz�tÞÞ where

L¼k1
v5ðr2Þ
vz5

�k2
v3ðr2Þ
vz3

þk3
v3ðr2Þ
vzvt2

þk4
v2ðr2Þ
vzvt

þk5
vðr2Þ
vz

þ
�
M2þ 1

Da

�
�GrH�GcS

5.2. First order

1
r
v2v13

vr2
þ1
r
vv13

vr
�1
r

�
M2þ 1

Da

�
v13¼ �2

1
r

�
vv03

vr

�

�
�
v2v03

vr2

�
�
�
vv03

vr

�2

ð33Þ
With boundary condition

v13¼0;at r ¼ r1 ¼ 3 and r ¼ r2 ¼ 1þ∅:Sinð2pðz� tÞÞ

6. Discussion and the quantitative findings

In this paragraph, we go over the conclusions we
came to after utilizing the perturbation method to
solve the problem's equations and MATHEMATICA
to visualize the conclusions. This section is broken
up into three sections: The first discusses the effect
of heat and concentration on the movement of
liquid; the second explains how parameters affect

how fluid moves through the flow channel; and the
third describes how parameters affect the fluid flow
routes.

6.1. Temperature and concentration distribution

Figs. (2)-(6) illustrates parameter results U; 3; ∅;
Rn; and Pr on temperature distribution function H
and concentration distribution function S Where we

Fig. 2. Temperature variations H vs. r at e ¼ 0:3; ∅ ¼ 0:3; Rn ¼ 0:1;
Pr ¼ 2; z ¼ 0:1.

Fig. 3. Temperature variations H vs. r at U ¼ 0:9; ∅ ¼ 0:3; Rn ¼ 0:1;
Pr ¼ 2; z ¼ 0:1.

Fig. 4. Temperature variations H vs. r at U ¼ 0:9; e ¼ 0:3; Rn ¼ 0:1;
Pr ¼ 2, z ¼ 0:1.
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notice that H decreases against the parameters 3;
Rn; U and Pr, respectively, while H increases with
increasing of ∅ .
Figs. (7-13) show that the effect of all parameters

U, 3, ∅, Rn, Sr, Sc, and Pr on concentration function
is direct.

6.2. Velocity distribution

Figs. (14-30) illustrate the effect of parameters We,
∅, L1, L2, L3, L4, L5, 3, U; ∅; Rn; Sr, Sc, Pr, M; Da, Gr,

Fig. 5. Temperature variations H vs. r at U ¼ 0:9; ∅ ¼ 0:3; e ¼ 0:3;
Pr ¼ 2; z ¼ 0:1.

Fig. 6. Temperature variationsH vs. r at U ¼ 0:9; e ¼ 0:3; Rn ¼ 0:1; ∅
¼ 0:3; z ¼ 0:1.

Fig. 7. Concentration variation S vs. r at 3 ¼ 0:2, ∅ ¼ 0:2, Sr ¼ 0:6,
Sc ¼ 0:5, Rn ¼ 0:5, Pr ¼ 2, z ¼ 0:1.

Fig. 8. Concentration variation S vs. r at U ¼ 0:2, ∅ ¼ 0:2, Sr ¼ 0:6,
Sc ¼ 0:5, Rn ¼ 0:5, Pr ¼ 2, z ¼ 0:1.

Fig. 9. Concentration variation S vs. r at U ¼ 0:2, 3 ¼ 0:2, Sr ¼ 0:6,
Sc ¼ 0:5, Rn ¼ 0:5, Pr ¼ 2, z ¼ 0:1.

Fig. 10. Concentration variation S vs. r at U ¼ 0:2, 3 ¼ 0:2, ∅ ¼ 0:2,
Sc ¼ 0:5, Rn ¼ 0:5, Pr ¼ 2, z ¼ 0:1.
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and Gc on the distribution of velocity v3 vs r,
respectively. Where we notice that v3 we notice the
decreases in the velocity when increasing 3, L3 , L4
and M. while v3 we notice the effect of parameters; it
is the velocity increase when increasing ∅, We, L5,
L2, L1, Rn; Sr, Sc, Pr, Gc; Da, Gr, and U .

6.3. Phenomena trapping

Due to the peristaltic motion of the flow channel
wall impacting the fluid flow within the channel, the
closed streamlines of the bolus are created; in this
section, we will discuss the effect of parameters We,
∅, L1, L2, L3, L4, L5, 3, U; ∅; Rn, Sr, Sc, Pr, M; Da, Gr,
and Gc. Fig. (31), We notice the growth of a gap
inside the channel, which continues to grow, leading
to a decrease in the number of bracelets in the
channel when the parameter is increased 3. In
Fig. (32), We note that the stuck bolus expands and
grows steadily in the centre of the channel and ex-
pands to the outer walls (elastic wall) with
increasing parameters ∅. Fig. (33), We note that the
trapped bolus increases and grows steadily in the
centre of the channel and expands to the outer walls
(elastic wall) with increasing parameter We.In
Fig. (34), We note that the stuck bolus expands and
grows steadily in the centre of the channel and ex-
pands to the outer walls (elastic wall) with
increasing parameter L5.In Fig. (35), We note the
effect of the parameter L3 is the contraction of the
trapped bolus when the parameter is increased L3.
Fig. (36), We note that the stuck bolus expands and
grows steadily in the centre of the channel and ex-
pands to the outer walls (elastic wall) with
increasing parameter L1. In Fig. (37), We note that
the trapped bolus increases and grows steadily in
the centre of the channel and expands to the outer
walls (elastic wall) with increasing parameter L2. In
Fig. (38), We note that the stuck bolus expands and
grows steadily in the centre of the channel and ex-
pands to the outer walls (elastic wall) with
increasing parameter Da. In Fig. (39), We note that
the stuck bolus expands and grows steadily in the
centre of the channel and expands to the outer walls
(elastic wall) with increasing parameter Gr. In
Fig. (40), We note the effect of the parameter M is
the contraction of the trapped bolus when the
parameter is increased M While we find that the
parameters L4; U; Rn; Sr, Sc, Pr, and Gc have a very
weak effect.

Fig. 11. Concentration variation S vs. r at U ¼ 0:2, 3 ¼ 0:2, ∅ ¼ 0:2,
Sr ¼ 0:6, Rn ¼ 0:5 Pr ¼ 2, z ¼ 0:1.

Fig. 12. Concentration variation S vs. r at U ¼ 0:2, 3 ¼ 0:2, ∅ ¼ 0:2,
Sr ¼ 0:6, Sc ¼ 0:5, Pr ¼ 2, z ¼ 0:1.

Fig. 13. Concentration variation S vs. r at U ¼ 0:2, 3 ¼ 0:2, ∅ ¼ 0:2,
Sr ¼ 0:6, Sc ¼ 0:5, Rn ¼ 0:5, z ¼ 0:1.

256 W.N. Al-Delfi, D.G. Al-khafajy / Al-Qadisiyah Journal of Pure Science 29 (2024) 250e264



Fig. 14. Velocity distribution for various values of 3 with ∅ ¼ 0:15, We ¼ 0:03, L5 ¼ 0:1, L4 ¼ 0:5, L3 ¼ 0:1, L1 ¼ 0:1, L2 ¼ 0:1, Da ¼ 0:9, M ¼
1:1, Gr ¼ 1, U ¼ 0:9, Pr ¼ 3, Rn ¼ 0:5, Sr ¼ 0:7, Sc ¼ 0:5, Gc ¼ 2, t ¼ 0:1, z ¼ 0:4.

Fig. 15. Velocity distribution for various values of ∅ with 3 ¼ 0:15, We ¼ 0:03, L5 ¼ 0:1, L4 ¼ 0:5, L3 ¼ 0:1, L1 ¼ 0:1, L2 ¼ 0:1, Da ¼ 0:9, M ¼
1:1, Gr ¼ 1, U ¼ 0:9, Pr ¼ 3, Rn ¼ 0:5, Sr ¼ 0:7, Sc ¼ 0:5, Gc ¼ 2, t ¼ 0:1, z ¼ 0:4.

Fig. 16. Velocity distribution for various values of We with 3 ¼ 0:15, ∅ ¼ 0:15, L5 ¼ 0:1, L4 ¼ 0:5, L3 ¼ 0:1, L1 ¼ 0:1, L2 ¼ 0:1, Da ¼ 0:9, M ¼
1:1, Gr ¼ 1, U ¼ 0:9, Pr ¼ 3, Rn ¼ 0:5, Sr ¼ 0:7, Sc ¼ 0:5, Gc ¼ 2, t ¼ 0:1, z ¼ 0:4.

Fig. 17. Velocity distribution for various values of L5 with 3 ¼ 0:15, ∅ ¼ 0:15, We ¼ 0:03, L4 ¼ 0:5, L3 ¼ 0:1, L1 ¼ 0:1, L2 ¼ 0:1, Da ¼ 0:9, M ¼
1:1, Gr ¼ 1, U ¼ 0:9, Pr ¼ 3, Rn ¼ 0:5, Sr ¼ 0:7, Sc ¼ 0:5, Gc ¼ 2, t ¼ 0:1, z ¼ 0:4.
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Fig. 18. Velocity distribution for various values of L4 with 3 ¼ 0:15, ∅ ¼ 0:15, We ¼ 0:03, L5 ¼ 0:1, L3 ¼ 0:1, L1 ¼ 0:1, L2 ¼ 0:1, Da ¼ 0:9, M ¼
1:1, Gr ¼ 1, U ¼ 0:9, Pr ¼ 3, Rn ¼ 0:5, Sr ¼ 0:7, Sc ¼ 0:5, Gc ¼ 2, t ¼ 0:1, z ¼ 0:4.

Fig. 19. Velocity distribution for various values of L3 with 3 ¼ 0:15, ∅ ¼ 0:15, We ¼ 0:03, L5 ¼ 0:1, L4 ¼ 0:5, L1 ¼ 0:1, L2 ¼ 0:1, Da ¼ 0:9, M ¼
1:1, Gr ¼ 1, U ¼ 0:9, Pr ¼ 3, Rn ¼ 0:5, Sr ¼ 0:7, Sc ¼ 0:5, Gc ¼ 2, t ¼ 0:1, z ¼ 0:4.

Fig. 20. Velocity distribution for various values of L2 with 3 ¼ 0:15, ∅ ¼ 0:15, We ¼ 0:03, L5 ¼ 0:1, L4 ¼ 0:5, L3 ¼ 0:1, L1 ¼ 0:1, Da ¼ 0:9, M ¼
1:1, Gr ¼ 1, U ¼ 0:9, Pr ¼ 3, Rn ¼ 0:5, Sr ¼ 0:7, Sc ¼ 0:5, Gc ¼ 2, t ¼ 0:1, z ¼ 0:4.

Fig. 21. Velocity distribution for various values of L1 with 3 ¼ 0:15, ∅ ¼ 0:15, We ¼ 0:03, L5 ¼ 0:1, L4 ¼ 0:5, L3 ¼ 0:1, L2 ¼ 0:1, Da ¼ 0:9, M ¼
1:1, Gr ¼ 1, U ¼ 0:9, Pr ¼ 3, Rn ¼ 0:5, Sr ¼ 0:7, Sc ¼ 0:5, Gc ¼ 2, t ¼ 0:1, z ¼ 0:4.
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Fig. 22. Velocity distribution for various values of Da with 3 ¼ 0:15, ∅ ¼ 0:15, We ¼ 0:03, L5 ¼ 0:1, L4 ¼ 0:5, L3 ¼ 0:1, L1 ¼ 0:1, L2 ¼ 0:1, M ¼
1:1, Gr ¼ 1, U ¼ 0:9, Pr ¼ 3, Rn ¼ 0:5, Sr ¼ 0:7, Sc ¼ 0:5, Gc ¼ 2, t ¼ 0:1, z ¼ 0:4.

Fig. 23. Velocity distribution for various values of M with 3 ¼ 0:15, ∅ ¼ 0:15, We ¼ 0:03, L5 ¼ 0:1, L4 ¼ 0:5, L3 ¼ 0:1, L1 ¼ 0:1, L2 ¼ 0:1, Da ¼
0:9, Gr ¼ 1, U ¼ 0:9, Pr ¼ 3, Rn ¼ 0:5, Sr ¼ 0:7, Sc ¼ 0:5, Gc ¼ 2, t ¼ 0:1, z ¼ 0:4.

Fig. 24. Velocity distribution for various values of Gr with 3 ¼ 0:15, ∅ ¼ 0:15, We ¼ 0:03, L5 ¼ 0:1, L4 ¼ 0:5, L3 ¼ 0:1, L1 ¼ 0:1, L2 ¼ 0:1, Da ¼
0:9, M ¼ 1:1, U ¼ 0:9, Pr ¼ 3, Rn ¼ 0:5, Sr ¼ 0:7, Sc ¼ 0:5, Gc ¼ 2, t ¼ 0:1, z ¼ 0:4.

Fig. 25. Velocity distribution for various values of U with 3 ¼ 0:15, ∅ ¼ 0:15, We ¼ 0:03, L5 ¼ 0:1, L4 ¼ 0:5, L3 ¼ 0:1, L1 ¼ 0:1, L2 ¼ 0:1, Da ¼
0:9, M ¼ 1:1, Gr ¼ 1, Pr ¼ 3, Rn ¼ 0:5, Sr ¼ 0:7, Sc ¼ 0:5, Gc ¼ 2, t ¼ 0:1, z ¼ 0:4.
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Fig. 26. Velocity distribution for various values of Pr with 3 ¼ 0:15, ∅ ¼ 0:15, We ¼ 0:03, L5 ¼ 0:1, L4 ¼ 0:5, L3 ¼ 0:1, L1 ¼ 0:1, L2 ¼ 0:1, Da ¼
0:9, M ¼ 1:1, Gr ¼ 1, U ¼ 0:9, Rn ¼ 0:5, Sr ¼ 0:7, Sc ¼ 0:5, Gc ¼ 2, t ¼ 0:1, z ¼ 0:4.

Fig. 27. Velocity distribution for various values of Rn with 3 ¼ 0:15, ∅ ¼ 0:15, We ¼ 0:03, L5 ¼ 0:1, L4 ¼ 0:5, L3 ¼ 0:1, L1 ¼ 0:1, L2 ¼ 0:1, Da ¼
0:9, M ¼ 1:1, Gr ¼ 1, U ¼ 0:9, Pr ¼ 3, Sr ¼ 0:7, Sc ¼ 0:5, Gc ¼ 2, t ¼ 0:1, z ¼ 0:4.

Fig. 28. Velocity distribution for various values of Sr with 3 ¼ 0:15, ∅ ¼ 0:15, We ¼ 0:03, L5 ¼ 0:1, L4 ¼ 0:5, L3 ¼ 0:1, L1 ¼ 0:1, L2 ¼ 0:1, Da ¼
0:9, M ¼ 1:1, Gr ¼ 1, U ¼ 0:9, Pr ¼ 3, Rn ¼ 0:5, Sc ¼ 0:5, Gc ¼ 2, t ¼ 0:1, z ¼ 0:4.

Fig. 29. Velocity distribution for various values of Sc with 3 ¼ 0:15, ∅ ¼ 0:15, We ¼ 0:03, L5 ¼ 0:1, L4 ¼ 0:5, L3 ¼ 0:1, L1 ¼ 0:1, L2 ¼ 0:1, Da ¼
0:9, M ¼ 1:1, Gr ¼ 1, U ¼ 0:9, Pr ¼ 3, Rn ¼ 0:5, Sr ¼ 0:7, Gc ¼ 2, t ¼ 0:1, z ¼ 0:4.
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Fig. 30. Velocity distribution for various values of Gc with 3 ¼ 0:15, ∅ ¼ 0:15, We ¼ 0:03, L5 ¼ 0:1, L4 ¼ 0:5, L3 ¼ 0:1, L1 ¼ 0:1, L2 ¼ 0:1, Da ¼
0:9, M ¼ 1:1, Gr ¼ 1, U ¼ 0:9, Pr ¼ 3, Rn ¼ 0:5, Sr ¼ 0:7, Sc ¼ 0:5, t ¼ 0:1, z ¼ 0:4.

Fig. 31. Wave frame streamlines for different values of 3 ¼ f0:15; 0:2; 0:225g at ∅ ¼ 0:15, We ¼ 0:03, L5 ¼ 0:1, L4 ¼ 0:5, L3 ¼ 0:1, L1 ¼ 0:1, L2 ¼
0:1, Da ¼ 0:9, M ¼ 1:1, Gr ¼ 1, U ¼ 0:9, Pr ¼ 3, Rn ¼ 0:5, Sr ¼ 0:7, Sc ¼ 0:5, Gc ¼ 2, t ¼ 0.

Fig. 32. Wave frame streamlines for different values of f ¼ f0:15; 0:175; 0:2g at 3 ¼ 0:15, We ¼ 0:03, L5 ¼ 0:1, L4 ¼ 0:5, L3 ¼ 0:1, L1 ¼ 0:1, L2 ¼
0:1, Da ¼ 0:9, M ¼ 1:1, Gr ¼ 1, U ¼ 0:9, Pr ¼ 3, Rn ¼ 0:5, Sr ¼ 0:7, Sc ¼ 0:5, Gc ¼ 2, t ¼ 0.

Fig. 33. Wave frame streamlines for different values of We ¼ f0:1; 0:15; 0:2g at 3 ¼ 0:15, ∅ ¼ 0:15, L5 ¼ 0:1, L4 ¼ 0:5, L3 ¼ 0:1, L1 ¼ 0:1, L2 ¼
0:1, Da ¼ 0:9, M ¼ 1:1, Gr ¼ 1, U ¼ 0:9, Pr ¼ 3, Rn ¼ 0:5, Sr ¼ 0:7, Sc ¼ 0:5, Gc ¼ 2, t ¼ 0.
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Fig. 34. Wave frame streamlines for different values of L5 ¼ f0:1; 2:1; 3:1g at 3 ¼ 0:15, ∅ ¼ 0:15, We ¼ 0:03, L4 ¼ 0:5, L3 ¼ 0:1, L1 ¼ 0:1, L2 ¼
0:1, Da ¼ 0:9, M ¼ 1:1, Gr ¼ 1, U ¼ 0:9, Pr ¼ 3, Rn ¼ 0:5, Sr ¼ 0:7, Sc ¼ 0:5, Gc ¼ 2, t ¼ 0.

Fig. 35. Wave frame streamlines for different values of L3 ¼ f0:3; 0:4; 0:6g at 3 ¼ 0:15, ∅ ¼ 0:15, We ¼ 0:03, L5 ¼ 0:1, L4 ¼ 0:5, L1 ¼ 0:1, L2 ¼
0:1, Da ¼ 0:9, M ¼ 1:1, Gr ¼ 1, U ¼ 0:9, Pr ¼ 3, Rn ¼ 0:5, Sr ¼ 0:7, Sc ¼ 0:5, Gc ¼ 2, t ¼ 0.

Fig. 36. Wave frame streamlines for different values of L1 ¼ f0:1; 0:3; 0:5g at 3 ¼ 0:15, ∅ ¼ 0:15, We ¼ 0:03, L5 ¼ 0:1, L4 ¼ 0:5, L3 ¼ 0:1, L2 ¼
0:1, Da ¼ 0:9, M ¼ 1:1, Gr ¼ 1, U ¼ 0:9, Pr ¼ 3, Rn ¼ 0:5, Sr ¼ 0:7, Sc ¼ 0:5, Gc ¼ 2, t ¼ 0.

Fig. 37. Wave frame streamlines for different values of L2 ¼ f0:1; 0:3; 0:4g at 3 ¼ 0:15, ∅ ¼ 0:15, We ¼ 0:03, L5 ¼ 0:1, L4 ¼ 0:5, L3 ¼ 0:1, L1 ¼
0:1, Da ¼ 0:9, M ¼ 1:1, Gr ¼ 1, U ¼ 0:9, Pr ¼ 3, Rn ¼ 0:5, Sr ¼ 0:7, Sc ¼ 0:5, Gc ¼ 2, t ¼ 0.
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7. Concluding remarks

Studying the influence of wall characteristics on
the peristaltic flow of incompressible Williamson
fluid led to significant findings. Turbulence theory
was used to address the issue, and the program
MATHEMATICA was used to discuss how param-
eters affected fluid movement by examining the
resulting graphs.

� The temperature is decreasing with increasing 3;
Rn; U and Pr while increasing with increase ∅ .

� The Concentration has a direct effect on pa-
rameters 3; Rn; U , ∅, Sr, Sc and Pr .

� The velocity of fluid increases by increasing of ∅,
We, L5, L2, L1, Rn, Sr, Sc, Pr, Gc; Da, Gr, and U
while The velocity of fluid decreasing with
increasing 3, L3, L4 and M.

� The trappedbolus increaseswith the increasing∅,
We, L5, L2, L1,Da, and Gr, while The trapped bolus
of fluid decreasing with increasing L3 and M.

Funding

Self-funding.

Fig. 38. Wave frame streamlines for different values of Da ¼ f0:4; 0:5; 0:6g at 3 ¼ 0:15, ∅ ¼ 0:15, We ¼ 0:03, L5 ¼ 0:1, L4 ¼ 0:5, L3 ¼ 0:1, L1 ¼
0:1, L2 ¼ 0:1, M ¼ 1:1, Gr ¼ 1, U ¼ 0:9, Pr ¼ 3, Rn ¼ 0:5, Sr ¼ 0:7, Sc ¼ 0:5, Gc ¼ 2, t ¼ 0.

Fig. 39. Wave frame streamlines for different values of Gr ¼ f2; 6; 8g at 3 ¼ 0:15, ∅ ¼ 0:15, We ¼ 0:03, L5 ¼ 0:1, L4 ¼ 0:5, L3 ¼ 0:1, L1 ¼ 0:1,
L2 ¼ 0:1, Da ¼ 0:9, M ¼ 1:1, Gr ¼ 1, U ¼ 0:9, Pr ¼ 3, Rn ¼ 0:5, Sr ¼ 0:7, Sc ¼ 0:5, Gc ¼ 2, t ¼ 0.

Fig. 40. Wave frame streamlines for different values of M ¼ f0:2; 0:6; 0:8g at 3 ¼ 0:15, ∅ ¼ 0:15, We ¼ 0:03, L5 ¼ 0:1, L4 ¼ 0:5, L3 ¼ 0:1, L1 ¼
0:1, L2 ¼ 0:1, Da ¼ 0:9, Gr ¼ 1, U ¼ 0:9, Pr ¼ 3, Rn ¼ 0:5, Sr ¼ 0:7, Sc ¼ 0:5, Gc ¼ 2, t ¼ 0.
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