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Influence of Jeffrey nanofluid on Peristaltic motion in an
Inclined Endoscope where the small intestine, large intestine,
or other tracts of the human anatomy are in a cylindrical
fashion. Hence in the present paper, we have considered the
cylindrical coordinate system. In the gap between two
coaxial inclined  tubes, we have  considered the
incompressible  non-Newtonian Jeffrey nanofluid. On the
assumption of long wavelength and low Reynolds number,
the governing equations were investigated. Using the
Homotopy Perturbation Technique, coupled equations were
solved with the temperature profile and nanoparticle
phenomena. Using this present technique, the closed-form
solutions of velocity, pressure raise, time-average volume
flow rate have been calculated. The important result of this
study is that the influence of Jeffrey nanofluid and
inclination angle increases the velocity profile. Due to
increase in the radius of the inner tube, the velocity of the
fluid diminishes. The influence of different physical
parameters on temperature, the concentration of
nanoparticles, velocity, pressure rise,and frictional force of
inner and outer tubes were graphically represented.
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1. Introduction

The Endoscope is an optical illumination system used to get an intense look into the body. An
endoscope is a surgical device comprised of a thin, long, and flexible (or rigid) tube that includes
a light and video camera at one end to view organs such as the throat or oesophagus, or other
parts of the human body. For where they are supposed to look, advanced endoscopes are called,
examples include the cystoscope (bladder), gastrointestinal endoscopes, arthroscope (joint),
nephroscope (kidney), a laryngoscope (larynx), otoscope (ear), laparoscope (abdomen), and
bronchoscope (bronchi). For a medical diagnosis, an endoscope's impact on peristaltic motion is
very significant as well as it has many clinical applications. It is an extremely convenient method
for identifying actual causes that are responsible for certain complications in human organs
where peristaltic pumping transports the fluid. Ramesh and Devakar [1] have discussed the
influence of an endoscope on the peristaltic transport of a couple of stress fluid with biomedicine
application for heat transfer. Hayat et. al [2] Shahzadi ef al. [3].

Nomenclature$ pressure gradient
z

C volumetric volume expansion coefficient AP, pressure rise
f body forces F1 frictional force for inner tube

p pressure F> frictional force for outer tube

V velocity vector Q time averaged flow rate of volume

k thermal conductivity  volume flow rate

(R, Z) lab frame

Greek letters

(|~', 2) wave frame 4, ratio of relaxation to retardation times
(U W ) velocity components in lab frame A, retardation time
(G W) velocity components inwave frame ¥ differentiation of ¥

T nanoparticle temperature @ amplitude ratio

C nanoparticle concentration @ dimensionless temperature

D; Brownian diffusion coefficient 5§ wave number



70 S.K. Asha, V.T. Talawar/ Computational Engineering and Physical Modeling 4-2 (2021) 68-94

at material time derivative o dimensionless nanoparticle’s concentration
t

D, thermophoretic diffusion coefficient p, density of fluid
b wave amplitude p, density of particle
a, outer tube’s radius y coefficient of viscosity of fluid

a, inner tube’sradius 4 wavelength

ttime [ angle of inclination

S Jeffrey fluid’s extra stress tensor ¥ shear rate
R. Reynolds number

B, local concentration Grashof number

N, thermophoresis parameter

G, local temperature Grashof number

The concept of peristaltic flow has gained substantial attraction in recent times, due to its
growing significance, especially in architecture, science, and biological processes. Due to the
several real-life approaches, such as urinary transfer through the ureter from the kidney to the
bladder; lymph transfer through the lymphatic vessels; food swallowing through the oesophagus;
chyme motion in the gastrointestinal tract; ovum motion in the fallopian tube; Vasomotion of
small blood vessels, such as venules, capillaries, and arterioles, as well as the motion of
corrosive fluids by sanitary fluids. Since it is considered one of the crucial aspects of transporting
fluid in biological processes. The studies reveal that the sinusoidal pressure gradient and motion
of the boundaries sustain physiological flows. Latham [4] was the first to introduce Peristalsis in
1966. Shapiro et al. [5] and Jaffrin et al. [6] have further expanded this work. For research, this
mechanism has become an essential concept, and many researchers have analyzed both
theoretical and practical knowledge of peristaltic flow [7-10].

Most physiological fluids have been recognized to behave as non-Newtonian fluids. Raju and
Devanathan [11] were perhaps the first to bring this aspect into consideration. Compared to other
fluids, it is one of the simplest fluid models. Study of Jeffrey fluids peristaltic flow useful in
physiology and industry owing to its broad number of applications and in mathematics due to its
geometry and solutions of non-linear equations. The Jeffrey fluid model, which performs as a
Newtonian and non-Newtonian fluid relies on the nub region and perimetric region. Hayat et al.
[12], Ebaid et al. [13], Vajravelu et al. [ 14], Jyothi et al. [15], Akbar et al. [16].

A homogeneous mixture of nanoparticles is known as nanofluid and consists of the elementary
fluid. Nanofluid is generally a liquid suspension containing tiny particles between 1 - 100 nm in
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diameter. Nanoparticles may be composed of oxides, carbon nanotubes, metals, and carbides.
Elementary fluid can include oil, water, and ethylene glycol. Choi [17] was the first who
investigated the study on nanoparticles which remarkably raises the thermal conductivity of the
elementary fluid. Asha and Sunita [18] investigated the effect of thermal radiation in the presence
of gold nanoparticles on the peristaltic blood flow of a Jeffrey fluid with double diffusion.
Maruthi et al. [19] the peristaltic transport of a nanofluid was studied in an inclined tube. Noreen
Sher Akbar et al. [20] investigated the peristaltic flow of a nanofluid in a non-uniform tube.
Akbar and Nadeem [21] analyzed the influence of endoscope on theperistaltic flow of nanofluid.
Nadeem et al. [22] focused on the influence of nanoparticles on the peristaltic motion in the
annulus of the tangent hyperbolic fluid model. Further, many other researchers have worked on
the nanoparticles and influence of the nanoparticle shapes given in the references [23-26].

In the current paper, we have focused influence of Jeffrey Nanofluid on Peristaltic motion in an
Inclined Endoscope. The small intestine, large intestine, or other tracts of the human anatomy are
in a cylindrical fashion. Hence in the present paper, we have considered the cylindrical
coordinate system. In the gap between two coaxial inclined tubes, we have considered the
incompressible non-Newtonian Jeffrey nanofluid. The governing equation of continuity, energy,
temperature, and concentration of nanofluid are solved on the assumption of long wavelength
and low Reynolds number. Using the Homotopy Perturbation Technique, coupled equations were
solved with the temperature profile and nanoparticle phenomena. The analytical solutions of
velocity, pressure gradient, pressure rise, and frictional force for inner and outer tubes were
achieved. The influence of different physical parameters on temperature, the concentration of
nanoparticles, velocity, pressure rise,and frictional force of inner and outer tubes were
graphically represented at the end of the session.

2. Fundamental equations

Equations for the incompressible fluid for the mass balance, momentum, temperature, and
volume fraction of the nanoparticle are given by [27]

divv =0,
pf(jcj—\:z—Vp+yV2V+f ,

ar ., D,

0

D
ac_ D,V’C+| =L |V°T,
dt )
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Wherethe context values of T and C as I leads to r, and r, are denoted by T,, C, and T,,C,

respectively.

3. Mathematical formulation:

Fig. 1.

Consider the peristaltic flow in an inclined tube with an inserted endoscope of an incompressible
non-Newtonian Jeffrey nanofluid. The inner tube is fixed while a sinusoidal wave with velocity ¢
propagates along the outer tube. The flexible characteristics of the inner and outer tubes are also
considered. The endoscope and peristaltic tubes are treated as inner and outer concentric tubes.

The cylindrical form ( R, Z) has been chosen in that manner Z is considered across the centreline

of the tube and R is considered across the radial tendency. The geometry of the inner and outer
tubes wall surfaces are given by the equations

Ri=a ()

R2=a2+bsin2—”(2—cf) 2)
A

Using the modifications

E:Z—CE’F:R,W:W—C,U:U (3)

The equation for incompressible non-Newtonian Jeffrey nanofluid is given as follows

S= i (7 A) @
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In an inclined cylindrical coordinate system (R, Z), the governing equations of the peristaltic

transport of an incompressible non-Newtonian Jeffrey fluid are given by

1 a(ru) ow

=0 5
rar az )

S
il e T LA —~—T—pgcosﬂ (6)

For these two equations the non-dimensional terms are

r z W w Z ’
rZLa Z:_a W:_o R:E’W:—’ Uz&a uzﬂa Z:_a p:azpé‘:&:
a, A c a, c a,c a,c A cAu A
ca
R, == ™)

yli

U—+W—=
or oz

oz r or az (8)
+pg(T =To)+pg(C—Co)+ pgsin

[6w aw} _ap 1a(rS) 8S..
P —+=

For the above equation non-dimensional terms are

ad(To-T gaaZ(Co—-C
F= Cﬂzac‘r:pg 2(0 1)’Br:p 2( : 1)' (9)
£98, uc e
oT oT *T 1 6T 62T
U—+W—= = +
or 0z or T 6r 07
, , (10)
ac 6T ac 6T D, |{oT oT
+7 D +—|| —= | +| —
or or az o7 T, | or 01
oC oC 0°C 1oC 820 D, | ¢ T 1 aT a T
U—=+W— |=Dy| > +=—=+ +—T (11)
or 0z ar r or 82 Tm ar r ar az

For the above two equations the non-dimensional terms are
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5 (T —Tl) oo (C—Cl) t:c—f ok \ _(pC)p D, (Co_c1)
(TO—Tl), (CO_Cl)’ l,a_(pc)f T (pC)fa ’
Nt =(pc)p DT (TO_Tl) (12)

(pC)mea

P : : : :
Where 7 = ? the ratio between the nanoparticle material's effective

(PC),

heat potential and the fluid's heat capability.

Jeffrey fluid’s non-dimensional stress constituents are given as below

S, = 20 (1+/T?C5(u£+ngja—u (13)
(1+4) a _or oz))or

S, = L (1+%C5(UE+WQD[528—U+8—WJ (14)
(1+4) a \or & oz or

5,0 =2 @&C(f(uﬁwﬁnﬂ (15)
(1+4) a \ o oz))r

S,, = 20 [1+%5C(UE+W2D8—W (16)

“(1+4) a or oz))oz

In the wave frame, the boundary conditions are as follows

W=——C,T=To,C=Coatr=n (17)

W=——C,T=T:1,C=Cratr=r, (18)
The dimensionless parameters are given by

r b
LI R LIPS I Al (19)
a, 4a, a, Cu

Substituting dimensionless parameters into equations (5) to (18) and utilising the assumption of
long wavelength and low Reynolds number, after that equations (5) to(18) brings down to the
following pattern.
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a_u+2+@:0 (20)
o r oz
p
*F_o 21
or 1)
@z ! é(ra—WJ+Gr6’+Bro-+M (22)
oz r(l+a)or\ or F
2
0-12(c20)n, (2220 2) )
ror\_ or or or or
ozzg(ra_a}m 13(@) (24)
ror\ or N,\ror{ or

The appropriate conditions for dimensionless boundaries are given by

w=-1,0=1, c=1 atr=r=¢ (25)

w=-1, &=0, c=0 at r=r,=1+¢sin2zz (26)

3. Analytical determination

The combination of the method of Homotopy and the method of perturbation is considered as the
Homotopy perturbation method (HPM) [28-32]. This strategy removes the disadvantages found
in the conventional approach of disruption and all the rewards remain the same at the same time.
To solve the equations (23) - (24) Homotopy Perturbation Method (HPM) is used.

According to the Homotopy Perturbation Method (HPM), we have to define the equations (23)
and (24) as below

H(m,0)=(1-m)[L(#)- L(Hlo)]+m[L(0)+ N, (Z-f%f} N, (%ﬂ (27)
H(m,o)=(1-m)[L(c)- L(alo)]+m{L(a)+E—;(%§(rZ—f)ﬂ (28)

10( 0
Here the linear operator L = Fa(l’ aj is considered for our comfort. The initial guesses of the

above equation which satisfies the boundary conditions can be defined as
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logr—logr,

=2 Y2 _ 29
10 |0gl‘l—|0gl‘2 10 ( )
Let us define

0(r,z) =6, +mb, + m?@, + -------- (30)
o(r.z)=0,+mo, + m’c, +------ (31

In most instances the series (30) and (31) are convergent. The convergent frequency, however,
relies on the nonlinear aspect of the equation to be calculated.

According to the HPM [28-32] we have obtained the solution for temperature and nanoparticles
concentration phenomenon for m=1 as follows

H(r,z):%[—%(logr—log r)(2logr—A)- 32)

6(N, +N,)(logr—logr,) A +12A7]

o (r,2) = (logr—-logr,)

12N, A [12N, A7 + N, A, (logr)(logr —logr, )
N.A;(logr —logr,)+ N, (logr ~logr, ) A

Introducing the equations (32) - (33) within the equation (22) and implementing conditions of
boundaries the resultant solution for velocity is as follows

(33)

_AA N A _ -
W T At I (ARA At Ay logT (A=A 4 ) .
—3A, - A, +2AA; -2AA,J1-1
The dimension less flow rate is provided as
q= ZJ':Z rwdr (33)

Now introducing the equation (34) into equation (35), the resultant value of the volume flow rate
will be

L
L I ] | (36)

By using equation (36), we obtained the value of pressure gradient ? is as follows
z

d 1 " i
d_SZEK%J_Az(AN+A18+A19_A20+A21)}+¥ (37)



S.K. Asha, V.T. Talawar/ Computational Engineering and Physical Modeling 4-2 (2021) 68-94 77

The pressure rise over a wavelength AP, and frictional force F on inner tube and outer tube

respectively are defined as

d : dp
AP, = jold—‘z’ dz(38)F, = jo 2 (_Ej dz (39)

F,= Jj r? (—Z—Sj dz (40)

The time averaged flow rate of volume [19], Q is given by

Q=q+1+%2—.s2 (41)

4. Results and discussions

In the present paper, the analytical determination of the peristaltic motion of Jeffery nanofluid in

d
an inclined endoscope is gained. The analytical results for physical parameters ,o ,w,q, d_Fz)’
AP, Fi, FoandQ are given by the equations (32),(33),(34),(36),(37),(38),(39),(40) and (41)

respectively. The numerical solutions of physical parameters are calculated by using
MATHEMATICA 11 software and they are graphically represented by using ORIGIN
software.Table:1 represents the comparison of velocity profile with open literature. Fig 2(a) -
2(e) represents the pressure (AP, ) versus time-averaged volume flow rate (Q).Fig 3(a) - 3(e)

represents the velocity (w) versus r. Fig 4(a) and 4(b) represents the temperature () versus r.
Fig 5(a) and 5(b) represent the concentration (o) versus r. Figures 6(a) - 6(¢) and 7(a) - 7(e)
represent the graph of frictional force versus time-averaged volume flow rate (Q) of inner and

outer tubes respectively.

As shown in figures 2(a) — 2(e) the impact of different parameters on pressure rise (AP, ), local

temperature Grashof number (Gr), a radius of the endoscope ( & ), inclination angle ( £), local
concentration Grashof number (Br), Jeffrey fluid parameter ( 4,). According to these graphs, it is
noticed that the pressure decreases as local temperature Grashof number (Gr) increases but it
increases as inclination angle () and local concentration Grashof number (Br) increases. The

pressure rises (0 to 0.55) and decreases (0.56 to 1) as the inner tube radius & decreases but
pressure decreases (0 to 0.1) and increases (0.11 to 1) as Jeffrey fluid parameter 4, .

In figures 3(a) - 3(e) the graph is plotted for velocity (W) versus r for different values of Gr, Br,
B, 4, €. The velocity (W) increases as ( #), (4,), (Gr) increases but velocity (W) decreases as

local concentration Grashof number (Br), inner tube radius ( & ) increases.
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The figures 4(a) - 4(b) are the graphical representation of temperature (@) versus 1, in these
graphs the temperature (@) increases as Brownian motion parameter N, and thermophoresis

parameter N, increases. With an increase in Brownian motion and thermophoretic effects, an

active movement of nanoparticles from the wall to the fluid occurs, which leads to a significant
rise in temperature.

In figures 5(a) - 5(b) the graphical representation of the concentration of nanoparticles (o)
against 1, in these graphs, the nanoparticle concentration (o) increases as Brownian motion
parameter N, increases but (o ) decreases as thermophoresis parameter N, decreases. Because

the heat transfer rate is high in the presence of nanoparticles, it leads to disturbance in the
system.

The figures 6(a) - 6(e) and 7(a) - 7(e) represents the graph of frictional force versus time-
averaged volume flow rate (Q)of inner and outer tubes (Fi,F2) respectively, the impact of

different parameters such as £, Gr, Br, & and A, are observed. The frictional force of inner and

outer tubes increases as inclination angle (/) increase. Frictional force of the inner tube

increases as local temperature Grashof number (Gr) increases but the frictional force of the outer
tube decreases as (Gr) increases. In the same way, as local concentration Grashof number (Br)
increases then inner frictional force Fidecreasesbut outer frictional force F» increases. Fi
decreases from 0 to 0.2 and increases from 0.2 to 1 as radius of the inner tube (&) increases
and in the outer tube Fadecreases from 0 to 0.5 and increases from 0.5 to 1 as & increases. F1 and
F> increases from 0 to 0.1 and decreases from 0.1 to 1 as A, increases. These figures demonstrate

that F1 and F2 have an opposite activity in comparison to the pressure rise( AP, ) against the

physical parameters. Furthermore, the frictional force is higher on the outer tube F» than the
frictional force on the inner tube Fi.

Table 1
Comparison of velocity profile for £=0.1,z=0.5, ¢ =0.2.

r Nadeem et. al [33] Present work
0.1 -1 -1
0.2 -1.0202 -1.0201
0.3 -1.0301 -1.0294
0.4 -1.0333 -1.0334
0.5 -1.0340 -1.0339
0.6 -1.0321 -1.0315
0.7 -1.0300 -1.0267
0.8 -1.0210 -1.0198
0.9 -1.0107 -1.0108

1 -1 -1
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0.0 0.2 0.4 0.6 0.8 1.0

Q

N

Fig. 2(a). Pressure (Ap/l ) contrary to Q with Nb =03, t=04, ¢ =0.01, £=0.1, Br=0.3, 21: 0.01,

=2 F=01,2=05.
6

0.0 0.2 0.4 0.6 0.8 1.0
Q
Fig. 2(b). Pressure (AP, ) contrary to Q with N, =0.3, N, =0.4, @=0.01, Gr=0.5, Br = 0.3,

A=001, B= %,F=0.1, 2=05.
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st —p=nl2
- - B=n9
e B/

. X

AP,

T T T T T T T T T

0.0 0.2 0.4 0.6 0.8 1.0

Fig. 2(c). Pressure (AP, ) contrary to Q with N, =0.3, N,=0.4, ¢ =0.01, £€=0.1,Gr=0.5,z=0.5,
Br=03,4,=0.01,F=0.1.

. ——Br=0.1
AR - — Br=03

0.0 0.2 0.4 0.6 0.8 1.0

N

Fig. 2(d). Pressure (AP’1 ) contrary to Q with Ny _ 03, t=04, ¢ =0.01, £=0.1,Gr=0.5, il: 0.01,

B- %,F=O.l,z=0.5.
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|
1.0

! I
0.0 0.2 0.4
Q

Fig. 2(e). Pressure (AP, ) contrary to Q with N, =0.3, N =0.4, @ =0.01, £=0.1,Br=0.3, Gr=0.5,

B- %, F=0.1,2=0.5.

0.0
-0.2 - -
‘9 o -
%
~

-0.4 1 o
., 4
\

w(r,z)

064 -,
\“_

-0.8

A
01 02 03 :
r

d
P®_ 0.4,N,=04,2z=0.5N,=03, ¢ =0.01, £=0.1,Gr=0.5,

Fig. 3(a). Velocity (w) contrary to r wit q
z
Br=0.3, 4,=0.01,F=0.1.
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w(r,z)

-0.9 - -

410 Ittt

0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0
r
Fig. 3(b). Velocity (w) contrary to r with N, =0.4, N,=0.3, ¢ =0.01, £=0.1,Gr=0.5, Br=0.3,

A;OOLF=0L99=0¢z=Qiﬁ:§;
dz 6

-04 L | " 1 f | L | 1 1 1 1 L 1 1 | 1
e=0.1
- =g=013

= =016

-0.6 # e n -

7 .
- t N L
-0.7 ¥ g G

w(r,z)

084 /[, . 1 n

004 Jf \

Qo+

Fig. 3(c). Velocity (w) contrary to r with N, = 0.4, N,=0.3, #=0.01, Gr=0.5, Br=0.3, 4,= 0.01, F=0.1,
dp 43
dz =0.4,2=053= 6.
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0.4 i | i ] i | i 1 \ |

w(r,z)

-1.0

0.1

0.2

0.3

0.4

0.5

0.6

r

Fig. 3(d): Velocity (w) contrary to r with Ny = 0.4, N,=0.3, ¢ =0.01, £=0.1,Br=0.3, 4,=0.01,

0.7

0.8

0.9

1.0

dp T
F=0.1, 92 =04,2=05, f= 6.
_02 1 | l l 1 l l 1
—, =01
""" - =% =03
- 4,=05
0.4 - . ™ L
. 7 ~
/ N
s *
2 N
. // N
N i "
B -0.6 e § & -
E=) L N
= il L
il \ s
¥ s
by 3
0.8 N =
: X
J Ao
y/ N
‘t
-1.0 — T v T v r v T T 1 T T I
0.1 0.2 0.3 04 0.5 0.6 0.7 0.8 0.9 1.0

r

Fig. 3(e). Velocity (w) contrary to r with Ny = 0.4, N,=0.3, ¢ =0.01, £€=0.1,Br=0.3,F=0.1,

dp 2
dz =04,2=05, f=6.
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1.0 1

0.9 i
0.8 —
0.7 -
0.6 —
o 05 —
0.4 —
0.3 —
0.2 i

0.1 1

0.0

0.0

0.1

0.2

03 04

0.5

r

06 07

Fig. 4(a). Temperature (&) contrary to r with N, = 0.5, ¢ =0.2, £=0.1,z=0.5.

10 | M | N | N | "

] o —— Nt=0.1
08 ~ \ - - =Nt=0.5

7 O Nt=0.9
i Nt
N\ ..
N
0.6 — A
A ~.
N
@ ] N
N
0.4 4
N
- S,
N .
0.2 - s
A

0.0 T v T J T J T v

0.0 0.2 0.4 0.6 0.8

r

1.0

Fig. 4(b). Temperature ( &) contrary to r with N, =0.4, #=02, £=0.1,2=0.5.
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1.0 | | 1 1 L
—Nb=0.3
) - - =Nb=0.5
0.8 1 N R Nb=0.9
N,
\“
0.6 \,
N\
b .
0.4 - \'.‘
AN
Nt
e
N
0.2 4 e
0.0 : : . , =
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Fig. 5(a). Concentration (0" ) contrary to r with & =0.17, N,=0.7,z=0.5, ¢ =0.2.
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Fig. 5(b). Concentration (0 ) contrary to r with N, =0.9, ¢ =0.2, £€=0.1,z=0.5.
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Fig. 6(a). Inner frictional force (F1) contrary to Q with Ny =0.3, N, =0.4, @=0.01, £=0.5,Br=0.3,
Gr=0.5,F=0.1,z=0.5, ﬂ.1= 0.01.
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Fig. 6(b). Inner frictional force (F1) contrary to Q with N, =0.3, N, =04, d=001, £=05, f= %,

Gr=0.5,F=0.1,z=0.5, 4,=0.01.
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Fig. 6(c). Inner frictional force(F1) contrary to Q with Nb =0.3, Nt =04, ¢ =0.1,£=0.5,Br=0.3, ﬂ = %,

Gr=0.5,F=0.1,z=0.5, 4,=0.01.
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Fig. 6(d). Inner frictional force (F1) contrary to Q with N, =0.3, N,=0.4, £=0.5, @ =0.01,Br=0.3,

- % F=0.1,2=0.5, 4=0.01.
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Fig. 6(e). Inner frictional force (F1) contrary to Q with N, =0.3, N =0.4, £=0.5, ¢ =0.01,Br=0.3,
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Fig.7 (a). Outer frictional force (F2) contrary to Q with N, =0.5, N, =0.1, @=0.1,,Br=02,f = %,

Gr=0.3,F=0.1,z=0.5, 4,=0.01.
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Fig. 7(b). Outer frictional force (F2) contrary to Q with Ny =0.5, N, =0.1, #=0.1,,Br=02, £=0.1,
Gr=03,F=0.1,z=0.5, ﬂ.1= 0.01.

Fig. 7(c). Outer frictional force (F2) contrary to Q with Ny =0.5, N, =0.1, ¢ =0.1, ﬂ = %, £=0.1,

Gr=0.3,F=0.1,z=0.5, 4,=0.01.
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Fig. 7(d). Outer frictional force (F2) contrary to Q with N, =0.5, N,=0.1, ¢ =0.1, ﬂ = %, £ =0.1,

Br=0.3,F=0.1,z=0.5, 4,=0.01.
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Fig. 7(e). Outer frictional force (F2) contrary to Q with N, = 0.5, N,=0.1, ¢ =0.1, ﬁ = %, £ =0.1, Br=0.2,
Gr=0.3,F=0.1,z=0.5, 4,=0.01.

5. Conclusion:

This study examines the influence of Jeffrey nanofluid on peristaltic motion in an inclined

endoscope under the assumptions of long wave length and low Reynolds number. Temperature
profile and nanoparticle phenomena have been calculated using Homotopy Perturbation
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Technique while analytical solutions have been calculated for velocity profile, pressure rise, time
averaged flow rate and frictional force.

The main points of the current study are as follows:

. Pressure rise (AP, ) increases from 0 to 0.5 and decreases from 0.5 to 1 as radius of the

inner tube( £ ) increases, it increases as inclination angle( / )increases respectively. Pressure rise
(AP,) decreases from0 to 0.1 and from 0.1 to 1will increase as Jeffrey fluid parameter ( 4,)
increases.

. Velocity (w) decreases as radius of inner tube (& ),but velocity increases as inclination
angle( /1), and Jeffrey fluid parameter ( 4,) increases.

J Temperature profile increases as Brownian motion parameter (Nb) and thermophoresis
parameter (Nt) increases.

. Concentration of nanoparticle increases as Brownian motion parameter (Nb) increases
but decreases as thermophoresis parameter (Nt) increases.

. Inner frictional force (Fi) and outer frictional force (F2) both increases as inclination
angle (/). Fiand F; increases from 0 to 0.1 and then decreases from 0.1 tol as Jeffrey fluid

parameter ( 4,) increases.
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Appendix
A=(1+4)
_dp sing
A= TF
(GrNb_BrNt)

=12Nb(log r,—logr, )’
A, = 2(N, +N,)(N, +2N,)
A =(N, +N,)(N, +2N,)(logr,—logr,)

A, =6(N,+N,)(logr, —logr,)

A, =12(logr, - log rz)ZLNbI\I N‘]

t

A, =(logr, ~logr,)
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A :(r12_r22)

Ao = r'22 logr, — r-12 logr,

Au=((logr)’ ~(logr,)’)

A, =(I’12+I‘22)

A, :((Iog r.)(logr, —log rz)(rf(log r)-r’(log rz))+(log r,)(logr, —log rz)(rzz(log r,)—r’ (log rl)))
A, :(rj(log r,)—r’(log rz))(l—logr1+log )

_A(Z-v)
T
Alﬁ:(Ag(rf—rf)—ZAlo+A9(2(Iogrl—logr2)+l))

(r12+r22) ) ,
A, =A4ABT(—147—4(Iogrl+log r2)+40((log r) —(logr,) )—128(Iogrl—log rz))
(r12+r22)

Aisz(Aa_As)Aa ) (17+20(|ogr1—logr2))

_ap i) 5+2(1 |
Ao = A A —=(5+2(logr, ~logr, ))

Ay, :((Iogrl—logr2)+%jAg(2A4Au+6A4—3(Ae—As)‘2A7_9A4A8+4A8(A5_A5)+2A7A5)

Py = (28, (As = A ) —3A, (A — A —2A,) - A, (2A (A - A)-3A,A,))
A, =(r,—1)

Ay =(r; logr,— 7 logr, )

Ay =r*A-Alogr-A,

—6+2(logr)(logr—logr,)(logr—logr,)—2(logr)(logr—logr,)—2(logr)(logr—logr, )
5 —2(logr—logr,)(logr—logr,)+3(logr—logr,)+3(logr—logr,)+3(logr)

A =(A—A)A(3-2(logr—logr,)—2(logr—logr,)+2(logr —logr,)(logr —logr,))
A, = A A (2-2(logr—logr,))
Azs = Ag(_6A4 +3(A6 _A5)+2A7)
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Py =2AAA,

Ao = AA(9A, —4(A - A)-2A,)
Py = A (A — A —2A,)

Ay = A (2A (A - A)-3AA,)
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