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tube. Where the catheter is covered with a blend of anti-infection agents and
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nanoparticles to oppose the formation of vital membranes. The effects of non-linear
thermal radiation, viscous dissipation, and magnetic field are taken into consideration.
Both inward and the external cylinders have sinusoidal waves traveling along their
walls since there is a coupling between the occlusion of the external cylinder and the
radius ratio. For long wavelength and low Reynolds number, a numerical study by using
the Rung-Kutta-Merson method with Newton iteration in a shooting and matching
technique is performed. The effect of physical implanted parameters is represented
through a lot of charts for velocity, temperature, nanoparticle concentration, the
density of motile microorganisms, shear stress, pressure rise, and pressure gradient.
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1. Introduction

Nanoparticles have remarkable physicochemical, optical, and organic properties which can be
controlled appropriately for wanted applications. Because of their little size, nanoparticles can enter
the cell is inside microscopic organisms, parasites, infections, plant, and creature cells.
Nanotechnology will get noteworthy advances in the determination and treatment of sickness.
Foreseen applications in prescription incorporate medication conveyance in both in vitro and in vivo
diagnostics, pharmaceuticals, and generation of improved biocompatible materials. The
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nanomaterials in the antimicrobial application may evade the downsides of anti-toxins or help to
improve their antimicrobial impact against the opposition of microorganisms. The progression of
non-Newtonian liquid containing nanoparticles and microorganisms assume a significant job in the
human body where nanoparticles appropriate for antibacterial covering on intravascular catheters.
Mekheimer [1] explored the long-wavelength peristaltic transport through a uniform and non-
uniform Annulus. Akbar and Nadeem [2] investigated the peristaltic flow of a micropolar fluid with
nanoparticles in the small intestine. Nadeem et al., [3] analyzed the peristaltic flow of Walter's B fluid
in the endoscope. Khan et al., [4] reported the mixed convection in gravity-driven thin-film non-
Newtonian nanofluids to flow with gyrotactic microorganisms. Raju et al., [5] investigated the
radiative flow of Casson fluid over a moving wedge filled with gyrotactic microorganisms.

In a living body, peristaltic flow happens because of synchronous constriction and development
of smooth muscles that move over the entire length of a cylinder or channel. This instrument might
be engaged with pee transport from the kidney to bladder through the ureter, food mixing and chime
movement in the intestine, development of eggs in the Fallopian tube, the vehicle of the
spermatozoa in the cervical trench, transport of bile in the bile pipe, transport of cilia, and flow of
blood in little veins. The investigation of peristaltic flow with the impact of magnetic nanoparticles
has various applications in biomedical engineering and material science. The nearness of the
nanoparticles improves the electrical conductivity property of nanofluids, thus making them
progressively defenseless to the impact of the magnetic field when contrasted with the regular base
liguids. In the field of nanomedicine, magnetic nanoparticles are legitimately transmitted into a
human body utilizing intravenous infusion technique. Bhatti et al., [6] discussed the simultaneous
effects of coagulation and variable magnetic field on peristaltically induced motion of Jeffrey
nanofluid containing gyrotactic microorganism. Mekheimer et al, [7] presented, Particulate
suspension flow induced by sinusoidal peristaltic waves through eccentric cylinders. Bhatti and
Zeeshan [8] examined the study of the variable magnetic field and endoscope on the peristaltic blood
Flow of particle-fluid suspension through an annulus. Abdelsalam [9] studied the impact of impinging
TiO2 nanoparticles in Prandtl nanofluid along with variable peristaltic blood flow. Zeeshan et al., [10]
considered the mathematical study of peristaltic propulsion of solid-liquid multiphase flow with a
rheological fluid as the base fluid in a duct. Mekheimer and elmaboud [11] illustrated the influence
of heat transfer and magnetic field on peristaltic transport of a Newtonian fluid in a vertical annulus:
Application of an endoscope. Hayat et al.,, [12] investigated the endoscopy and homogeneous-
heterogeneous reactions in MHD radiative peristaltic activity of Ree-Eyring fluid. Eldabe et al., [13]
investigated the analytical, and numerical treatment to study the effects of Hall currents with viscous
dissipation, heat absorption and chemical reaction on the peristaltic flow of Carreau nanofluid. Ellahi
and Hussian [14] discussed the simultaneous effects of MHD and partial slip on the peristaltic flow of
Jeffery fluid in a rectangular duct. Peristaltic transport of a particle-fluid suspension through a
uniform and non-uniform annulus has been discussed by Mekheimer and elmaboud [15]. Hasona et
al., [16] illustrated the combined effects of magnetohydrodynamic and temperature-dependent
viscosity on the peristaltic flow of Jeffrey nanofluid through a porous medium: Applications to oil
refinement. Rachid and Ouazzani [17] studied the electro-magnetohydrodynamic peristaltic pumping
of a bioviscosity fluid between two coaxial deformable tubes through a porous medium.
Magnetohydrodynamic (MHD) slip Darcy flow of viscoelastic fluid over a stretching sheet and heat
transfer with thermal radiation and viscous dissipation has been investigated by Wahid et al., [18].
Peristaltic motion of Eyring-Powell nano fluid with couple stresses and heat and mass transfer
through a porous media under the effect of magnetic field inside asymmetric vertical channel has
been discussed by Eldabe et al., [19].
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With the potential applications and past examinations, we have exhibited the peristaltic flow of
Jeffrey nanofluid containing motile gyrotactic microorganisms through an endoscope under the
impact of non-linear thermal radiation and magnetic field. The system of partial differential
equations which portray this phenomenon with subjected boundary conditions have been
modulated under long wavelength and low Reynolds number suppositions and solved numerically by
utilizing Rung-Kutta-Merson strategy with Newton emphasis in a shooting and matching procedure.
The physical practices of rising parameters for velocity, temperature, the density of motile
microorganisms, shear stress, pressure rise, and pressure gradient are discussed through a set of
graphs.

2. Methodology

The peristaltic transport of MHD Jeffrey Nanofluid containing motile gyrotactic microorganisms
is considered between the internal holes between both cylinders. Both the internal and the external
cylinders have sinusoidal waves traveling down their walls. Cylindrical polar coordinate system (R, Z)
is chosen, where R is taken along the radial direction and z-axis is taken along the axis of tube. An
external magnetic field is applied without an electric field, the incited magnetic is dismissed because
of little magnetic Reynold's number. Figure 1 demonstrated the physical model of the problem.
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Fig. 1. Geometry of the physical model

The geometry of the walls surface in the fixed frame (R, Z) are described as

R, = a+bsin27n(Z—ct) ,

R1=nR2=na+nbsin27n(Z—ct), o<n<1, (1)
We introduce a wave frame of reference (r,z) moving with velocity ¢ in which the motion

becomes independent of time when the channel length is an integral multiple of the wavelength. The

transformation from the fixed frame of reference (R, Z) to the wave frame of reference (r, z) is given
by
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r=R, z=Z—ct, and p=P, (2)

u(r,z) =U(R,Z — ct), w(r,z) =W(R,Z —ct) —c, (3)
The uniform magnetic field B is applied in the radial direction as follows

B = (B,,0,0), (4)
The Ohms law with no electric field is

J =0 xB) (5)

JxB=1(0,0,—0B%w), (6)

The relevant equations governing the fluid flow in the wave frame are

6u aw
6r az =0 (7)
9 97,

Py [u_+W Z]: +__( Trr)‘l' . (8)
02 2 2 10 0Tz,

prlu2t+ w2| = =L+ 22 (rr,,) + 22— 0BZw + prgB(1 = )T = T1) — g(py — py) (9 —

@1) — g¥(pm — pp)(n* —n}) (9)

aT ary\ _ 82T 10T dp dT 09 dT\ = Dr [ (OT\?
o)y (w5 +w) = kr (524 257+ 552) + 00y (DB (Gesr+ea) +or () +
oT\ 2 ou ou . ow 2,2 _ 0
(a—z) )) + (Tﬂa—r + TG+ 5 + Ta o ) + 0B w2 — 2 (10)
1dp , d%¢ Dt (9%T , 19T , 9°T
(ugr+wir) = DB(ar2+rar+§>+To(ﬁ+rar+ﬁ) (11)

on* on* b*W, i( *6_(p) i( *6_(p) _ (azn* 10n* 62n*)
u ar tw 0z + (po—®1) (6r n ar + 0z n dz - Dm ar? +r ar + 0z2 (12)
The appropriate boundary conditions are given as follows

w=—c, T=T,, p=¢,, n"=n, at r =1, =nr,,
w=—c,T=T,, p=¢;, " =n;] atr=r2=a+bsin(2/1£) (13)

The stress tensor T for incompressible Jeffrey fluid [13] can be expressed as

T= M TVt A7] (14)

In view of Rosseland approximation, nonlinear radiative heat flux g,- can be written as
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40* 0T
_ 15
ar 3k* ar (15)
Let us introduce the following dimensionless quantities as
x T * z * Au * * tc % a2p _a * Tjja * 1 x* _ T2
r_a'Z_/l’u_ac' _c't 1’ _Auc'6_A'Tij_uc'1_a'2_a'
b T-Ty * P—¢1 n'-nj
= - = — = — = 1
¢1 a’ 0 To—Ty ’ ¢ o1’ X np—ny ( 6)

After substituting from Eq. (16), Eq. (7)-(13) can be written in dimensionless form after dropping
the star mark as

6u aw

61‘ 62 =0 (17)
[0 4 2] = 9 50 2 902

Re o [u or tw 62] - or + r or (ree) +8 dz (18)

ReS[uZ—‘:}+WZ—Z] +——(r rz)+5arzz M2W+Gr(9—Nrg0—Rb)() (19)

O N e R R ()R D

62 orz = ror 0z2 or or 0z 0z
E.P. (&Wa—r + 1,872 + 2 + 67,2 ) + M2 E_Pw? + Ry (3(1 + (6; — 1)0)%(6, —
96)?

1)(32) + @+ 6 - 1)9) 6, - 122 (20)
G0, 0] _ (0, 100, s39%) | Ne (2T 10T 50

Re Leo [u or +W62] o (6r2 +r6r to 622)+Nb (6r2 +r6r+6 622) (21)
9 4 w2l 4 (2 (522 4 522 (520)) = (22 4 120 4 522

Re Lba[ or tw 6z] + Pe (ar (X ar) +o 0z (X az)) - (6r2 + r or +o 0z2 ) (22)

The dimensionless boundary conditions are

w=-1,0=1,¢=1 ,y=1 atr=r =nr,,
w=-1, 6=0,¢=0 ,y=0 atr=r, =1+ ¢,sin(2nz) (23)

For long wavelength(i.e, 8§ < 1) and low Reynolds number (i.e., Re — 0) the system of our
Eqg. (18)-(22) can be reduced to

v

Pl 0 (24)
L 19 (9w _ a2 _ _ _ o
1+A; r or (T‘ 6r) Mw + GT(B N RbX) T oz (25)
19 99 26 LN CIAR e 2 —16)2(6, —
rar( 6r) + Ny 5 aror T Ne (ar) + 1+, (6r) +M® EcRw® + Rq|3(1 + (6, — 1)6)°(6,
226
1) (5) +(1+ (6, — D66, — Dﬁ) =0 (26)
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The parameters are defined as

M2 = oB5a? G. = 9BU-9)To=T)  \ _ (pp—pf)(@o—®1) _ Y(pm—ps)ms—n1) _
T ac C T T Bpr—9)(To-T1) TP T Bpr(-)(To-T) T T
v(pC)r N, = (pA)pDp(Po—¥1) N. = (pS)p D (To—T1) _ 160°T{ 6. = To . c?
kTt »b T kTt ’ t— krTy ’ a~ 3krk* ’ 1= T, ’ ¢ Cr (To_Tl) ’
v v b*W,
Le—g; Lb_a'Pe_ Dim ) (29)
3. Flow Rate, Pressure Rise, and Wall Shear Stress (WSS)
The time-averaged flow rate is given by
Q=/0z0dt=q+(1—-n)r} (30)
The volume flow rate in the wave frame g calculate as follows
q=2 f:lz wr dr (31)

The pressure rise across one wavelength in the non-dimensional form is given by

1d
Ap = [, =2 dz (32)

The shear stresses t,, at the outer surface of the inner tube and the inner surface of the outer
tube are given by

1 ow 1 ow
Twi = T (a—r)rzrl » w2 T g (E)rzrz (33)

4. Numerical Solution Method

The system of our nonlinear ordinary differential equations is solved by the numerical method
based on the Rung-Kutta-Merson method with Newton iteration in a shooting and matching
technique. Use the following transformations
W=Y1, 9=Y3 ) §0=Y5, X=Y7

Eq. (24)-(28) with the boundary condition in Eq. (23) can be written as follows

! ! 1
i=Y, , Y= —;Yz + M?Y; — G, (Y3 — N,.Ys — R,Y;) — py (34)
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Ys” =Y, , (1 - Rd(l + (91 - 1)Y3)3(91 - 1)) Y4’ = —%Y4 — NpY,Ye — Nt(Y4-)2 -

1

T BB (1) = M2ER (Y1) + Ra(3(1 + (61 — DY3)(8; — D(Y)?), (35)
! I 1 N, 7 1

W=Ye , Y= Y~ (B +:0) (36)
! ! 1 !

Y;=Ys , Vg :—;Y8+Pe(Y6Y8+Y6Y7) (37)

Subject to the boundary conditions
Yi=-1, Y;=1, Yo=1 and Y, =1 at r=r1, (38)
Yi=-1, Y;=0, Y5=0 and Y, =0 at r=r,, (39)

where the prime denotes the differentiation with respect to r. To compute the physical
quantitiesw, 68 , ¢ and y . Mathematica package version 9 is used to solve the system of Eq.
(34)-(37) with boundary conditions in Eq. (38) and (33).

5. Graphical Results and Discussion

This section examines the graphical outcomes for the different physical parameters associated
with the peristaltic flow of Jeffery nanofluid containing motile gyrotactic microorganisms through an
endoscope under the impact of non-linear thermal radiation and magnetic field. Consequently, a
Mathematica program (Rung-Kutta-Merson method with Newton iteration in a shooting and
matching technique) has been utilized to analyze the physical clarification of the included parameters
in the flow field.

5.1 Velocity Profiles

The velocity w of the flow field is found to change more or less with the flow parameters. The
impact of the flow parameters on these distributions is investigated with the assistance of Figure 2-
7.

Figure 2 show the impact of the non-Newtonian parameter 4; on the velocity on account of
existing microorganisms and nanoparticles and in their nonappearances. The velocity is higher in the
absence of microorganisms and nanoparticles. It is additionally seen that the most extreme velocity
happens at the center of the separation between the two deformable cylinders. This outcome agrees
with the physical expectation since exist microorganisms and nanoparticles that represent an
obstacle to flow and therefore, reduced its velocity.

Figure 3 portrays the impact of the magnetic parameter M and Grashof number G, on the
velocity. One is to distinguish that the rising values of M and G, augment the velocity. Figure 4
impacts the effect of N, and R}, on velocity, it is noted that, an expansion in N,- and Rj, attributes
the fluid towards the surface thus diminishing the velocity.
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Figure 5 is portrayed to visualize the variety in the velocity because of the impact of the Brownian
motion parameter N, and the thermophoresis parameter N;. One is to recognize that the rising
values of N, and N, augment the velocity. Figure 6 delineate the impact of differing the span of the
inward cylinder by changing n on the velocity, plainly the speed diminishes with expanding n close to
the external surface of the internal cylinder, while the speed stays steady close to the inward surface
of the external cylinder.
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Fig. 5. The velocity of fluid particles w is plotted against r, for

N,=.1,6=3M=11, =3P =7N,=.1,E.=.1,R; =
4,60, =11,P =1
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Fig. 6. The velocity of fluid particles w is plotted against r, for
Ny =.1,N,=.1,R, =24, =3,6G,=3,B.=.7,N, =.1E,. =
LR;=40,=11,P=M=1

Figure 7 is portrayed to show the velocity in the instances of deformable cylinders, the internal

cylinder is solid and annulus. Plainly the velocity takes a higher quality when the inward cylinder is
solid, while the velocity takes little qualities on account of the annulus.
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5.2 Temperature Profiles

Figure 8 is outlined to examine the impact of the temperature ratio parameter 8, on the
temperature for both Jeffery fluid and Jeffery fluid with nanoparticles and microorganisms. It is seen
that 6; prompts an intensifying in temperature for the two cases, yet the temperature is higher on
account of the nearness of microorganisms and nanoparticles. Figure 9 translates the impacts of the
Brownian motion parameter N,, the thermophoresis parameter N;, and non-linear radiation
parameter R; on the temperature distribution. From this plot, we identified that the expansion in
the values of Brownian motion, thermophoresis, and non-linear radiation parameters amplifies the
temperature. This reliable with the physical concerned that the Brownian motion depends on the
unsystematic movement of fluid particles on the surface and the rise of N, improves this motion of
the fluid particles which causes much heat. Likewise, the expanding values of N; physically imply that
the nanoparticles are moving far from the hot surface to cool which fluid temperature rise.
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Fig. 8. The temperature of fluid particles 6 is plotted against r,
M=1,G =3,N.=.1,R, =.2,P, =50PB =.7,N, =.1,N, =
A1 E.=1,R; =121, =3P =1
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Fig. 9. The temperature of fluid particles 6 is plotted against
r, for N, =.1,6, =3, M =14, =3B =.7R,=.2,E. =
1, R;=46,=11,P, =1

5.3 Nanoparticle Concentration Profiles

Figure 10isintended to research the effect of the thermophoresis parameter N; and the Brownian
motion parameter N, on nanoparticle concentration. It can be seen from this plot that the
concentration of the nanoparticles decay with the expansion of N, While the opposite impact
happens by increasing N,,. Figure 11 delineate the nanoparticle's phenomena distribution for a few
values of non-linear radiation parameter R; and the temperature ratio parameter 8;. The
nanoparticle's phenomena decline as the non-linear radiation and the temperature ratio increment.
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Fig. 10. The nanoparticles concentration of fluid particles ¢ is
plotted against r, for N, =.1,G,=3,M =11, = 3, =
J,Ry=2E.=1,R;=460,=11P =1
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Fig. 11. The nanoparticles concentration of fluid particles ¢ is
plotted against r, for N, =.1,G,=3,M =1,1; = 3,B. =
7Ry =2E.=1R;=4,06,=11PF =1

5.4 Motile Microorganisms Density Profiles

The impact of the thermophoresis parameter N; and the Brownian motion parameter N, on the
density of the motile microorganisms of the fluid can be seen from Figure 12. The boosting values of
N, decay the density of the motile microorganisms, but the inverse impact happens for expanding Nj,.
Figure 13 is outlined to decipher the varieties in the density of the motile microorganisms affected
by the non-linear radiation parameter R; and Prandtl number P.. It is noted that It is noticed that an
amplifying in R; and B. prompts a decline in the density of the motile microorganisms.
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08| ]
A\ N = 0L 1,2 ]
A\ | N, =01, 013 2

06| &

>

0al

02|

00l
04 06 08 10 12

Fig. 12. The density of motile microorganisms y is plotted
against v, for N, =.1,G,=3,M =14, =.3,P.=.7,Ry, =
2,E.=1,R;=.460,=11P =1
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Fig. 13. The density of motile microorganisms y is plotted
against r, for N,.=.1,G,=3,M=1,4, =3B =.7,R, =
2,E.=1,N,=.160,=11,N, =1

5.5 Wall Shear Stresses (WSS)

The effects of the physical parameters on the shear stresses are outlined in Figure 14 and 15. It is
seen that raising in ¢, declines the shear stress in the large gap between the two tubes and the
inverse impact happens in the narrow part. The effect of 1; upgrades the shear stress at the inward
surface of the external cylinder, while the switch impacts are seen at the external surface of the
internal cylinder.

0 | Stress at the outer surface of inner tube

15 f ]
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05 | _ , ]
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Fig. 14. The wall Shear stresses t,,, is plotted against z, for G, =
3,Ny=N,=E.=.1,N.=.1,B.=.7,R, =.2,R; = 4,0, =
1.1,P,=1,4=23
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Fig. 15. The wall Shear stresses t,,, is plotted against z, for G, =
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5.6 The Pressure Gradient

The pressure gradient Z—Z has been plotted in Figure 16 and 17. These figures demonstrate that

the pressure gradient is little in the huge hole between the two cylinders, where it is enormous in
the limited part. Figure 16 demonstrates that the pressure gradient increment by expanding the non-
Newtonian parameter A; and the magnetic parameter M, while Figure 17 demonstrates that the
pressure gradient decline by expanding the bioconvection Rayleigh number R, and the

thermophoresis parameter N;.
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Fig. 17. The pressure gradient is plotted against z, for N, = N, =
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5.7 The Pressure Rise

The impact of the physical parameters on the pressure rise Ap versus the Grashof number G,are
presented though Figure 18 and 19. The pressure rise increment by expanding the non-Newtonian
parameter and the magnetic parameter, while it is decline by expanding increasing the bioconvection
Rayleigh number and the thermophoresis parameter.
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Fig. 18. The pressure rise is plotted against G,, for N, = N; =
E.=N,=.1,R,=.2,R;=.46,=11,P.=.7,P,=1,G, =
3
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Fig. 19. The pressure rise is plotted against G,, for N, = N; =
E.=A4=2M=1R;=.46,=11,P.=.7,P,=1,G, =3

6. Conclusion

Investigation of the peristaltic flow of Jeffrey nanofluid containing motile gyrotactic
microorganisms through an endoscope under the impacts of non-linear thermal radiation, magnetic
field, and viscous dissipation carried out. Our system of equations is solved numerically by using the
Rung-Kutta-Merson method with Newton iteration in a shooting and matching technique.
Fundamental highlights of the investigation are featured underneath

i. A relationship between courses of action of our fluid motion and by virtue of the missing of
nanoparticles and microorganisms has been had under the effects of the non-Newtonian
parameter A; and the temperature ratio parameter 6,. As foreseen the fluid velocity show
diminishing conduct with the nearness of nanoparticles and microorganisms, while the
temperature profile is higher than that in the missing nanoparticles and microorganisms.

ii.  The velocity exhibits more response in the case of deformable tubes than the annulus under
the effect of the magnetic field.

iii. The temperature increases under the effects of the Brownian motion parameter N, and the
thermophoresis parameter N;.

iv.  The non-linear radiation parameter and Prandtl number reveal opposite behaviour on the
motile microorganisms’ density.

v. Anincrementin the amplitude ratio ¢; declines the shear stress in the large gap between the
two tubes and the inverse impact happen in the narrow part.

vi.  Large values of the buoyancy ratio parameter N, and the bioconvection Rayleigh number R},
tend to decline the pressure gradient.

vii.  The greater influence of the non-Newtonian and magnetic parameters enhances the pressure
rise.
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