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Abstract: The analysis focuses on investigating the phe-
nomenon of double-diffusive convection using the Sisko
nanofluid model. It particularly highlights the impact of
induced magnetic flux, viscous dissipation, and heat radia-
tion within an asymmetric geometry having multiple slip
conditions. To ascertain the salient of the Brownian diffu-
sion coefficient and thermophoresis, we have incorporated
viscous dissipation, heat radiation, and the Buongiorno
model. The Soret and Dufour parameters describe the con-
vective double diffusion phenomenon. The mathematical for-
mulation is constructed through equations governing magnetic
force function, concentration, temperature, momentum, and
continuity. These formulations yield nonlinear partial differen-
tial equations to explain the designated flow. To simplify the
nonlinear partial differential equations, the lubrication para-
digm of mathematical simulations is employed. The subse-
quent system of coupled nonlinear differential equations is
calculated numerically through the NDSolve function, which
is a built-in program of Mathematica. Numerical results and
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graphs give evidence that supports the significance of different
flow quantities in physiological contexts. The findings from this
investigation are anticipated to contribute to the development
of intelligent magneto-peristaltic pumps, particularly in
thermal and drug administration applications. The cur-
rent investigation suggests that the distribution of tem-
perature reduces as the coefficient of radiation increases
due to a system’s high heat emission and consequent
effects of cooling. Furthermore, the increased influence
of heat radiation raises the concentration profile. It is also
highlighted that heat radiation has the potential to raise a
fluid’s temperature, which raises the volume fraction of
nanoparticles.

Keywords: multiple slips, viscous dissipation, Sisko nano-
fluids, thermal radiation, double diffusion convection, asym-
metric channel, induced magnetic field

Nomenclature

c propagation of velocity
solutal concentration

Dy Brownian diffusion coefficient

Der Soret diffusivity

D; solutal diffusivity

Dy thermophoretic diffusion coefficient

Dy Dufour diffusivity

E induced electric field

Gre solutal Grashof number

Gyt thermal Grashof number

Gyr nanoparticle Grashof number

g acceleration due to gravity

] current density

k thermal conductivity

Le Lewis number

Ln nanofluid Lewis number

M Hartmann number
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Ny Brownian motion parameter
Ncr Soret parameter

N thermophoresis parameter

Nrc Dufour parameter

p pressure

P sum of ordinary and magnetic pressures
Pr Prandtl number

Re Reynolds number

Ry magnetic Reynolds number

S1 Stommer’s number

T temperature

t time

uyv velocities in X and Y directions
ap, ;  Sisko fluid parameters

Ps fluid density

U magnetic permeability

Ps, fluid density at Ty

B volumetric solutal expansion
V) stream function

o electrical conductivity

By, B;  wave amplitudes

B, B;  channel width

u fluid viscosity

¢ magnetic diffusivity

o3 magnetic force function

A wavelength

Br volumetric thermal expansion
(pc)p  heat capacity of nanoparticle

y dimensionless solutal concentration
(pc):  heat capacity of fluid

) wave number

0 dimensionless temperature

Q dimensionless nanoparticle volume fraction
o nanoparticle volume fraction
Py nanoparticle mass density

1 Introduction

One of the significant physiological phenomena is peristaltic
flow which has wide-ranging utilization in engineering fields
and biomedicine, specifically in scenarios having micro/macro
level transportation. These flows involve diverse functions
both in human physiology and industrial applications that
encompass transportation and excretion of body fluids as
well as handling of corrosive liquids and various machine
applications like roller and finger pumps. These diversified
practical applications of peristaltic flow have instigated
researchers to further explore the phenomenon. In 1960,
Latham [1] explained this phenomenon in detail in his
MS research where he explained the process as “natural
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siphon” which employs rhythmic squeezing that travels
along the chamber walls and pushes the contents within
the chamber or vessel. Jaffrin and Shapiro [2] conducted a
detailed analysis of the process. Later, researchers like
Misra and Rao [3], Hina et al. [4], Akbar et al. [5], Safia
Akram et al. [6], and Nadeem et al. [7-10] experimented
with the process having different fluids under various
conditions involving numerous parameters both physiological
and mechanical. Despite these investigations, there are diverse
limitations and unresolved issues which necessitate further in-
depth analysis and exploration.

Another influential area of peristaltic flow is nano-
fluids which have significant applications in medical engi-
neering and biomedicine. The composition of nanofluid
contains tiny oxides of metals, carbon nanotubes, and
other carbon ions. However, the quantity of nanoparticles
is minimal, which is calculated as less than 5%. Incredibly,
a negligible amount like 1% added in the base fluid of
nanostructure like fibre, sheet, rod, or wire could augment
the heat properties by a considerable increase in heat con-
ductivity. So, the addition of a minimal amount of nano-
particles can significantly enhance thermal flow. Choi and
Eastman [11] explained the dispersion of nanosized parti-
cles within a heat-transmitting fluid. Similarly, Masuda
et al. [12] further explored the nanofluid properties in
terms of heat expansion and conductivity. A model is
devised by Duangthongsuk and Wongwises [13] to examine
nanofluid’s thermophysical characteristics and its impact
on the liquid’s convection heat flow constant at the lowest
nanoparticle concentration. Buongiorno and Hu [14] and
Buongiorno [15] have investigated the Brownian diffusion
with thermophoresis to understand the convective flow in
nanofluids by applying a closed-form model. Another
development to explain the dispersion of concentration
polarity within the range of micro to nanochannel is
through various models of analysis that is done by Mani
et al. [16]. Whereas Akbar and Nadeem [17] combined the
concept of nanofluids with models of peristaltic pumping
to examine the nanofluid peristaltic flow under the endo-
scopic influence. Moreover, Akbar [18] observed the Sisko
nanoliquid peristaltic flow in an asymmetric channel. Parti-
cularly, the examination reveals that an increase in para-
meter axial pressure of Sisko nanoliquid leads to a rise in
the area of peristaltic pumping. The research literature con-
tains a wide range of studies [19-25] which further shed
light on the phenomena of non-Newtonian and Newtonian
nanofluids under various parameters and different flow
structures. Moreover, the concept of magnetohydrody-
namics is salient in sweltering heat equipment like electric
transformers, as well as in corporal conductive matter
including pumps and machines for blood regulation and
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arterial blood flow, Magnetic resonance imaging, equipment
for magnetic therapies, and in aviation where inclined mag-
netic flux impact is noticeable. In biomedicine and medical
engineering issues, [26-30] peristaltic flow with magnetic
flux has provided multifaceted solutions. In electrically
charged fluids having optimal Reynolds number, magnetic
diffusion is negligible as compared to induction, hence
resulting in the significant impact of induced magnetic
flux. Taking into consideration the velocity slip conditions,
Shit et al [31] observed the micropolar fluid peristalsis
under magnetic flux. The results reveal the strengthening
of peristalsis flow under magnetic influence causing
mechanical simulation of the fluid. Therefore, induced mag-
netic force is effective for the treatment of cancers and
magneto therapy is recommended in research [32-34]. Other
notable findings are given in previous studies [29,35-39].

The study of hydromagnetic peristaltic flow under
thermal production and consumption impact has significant
importance in various engineering and scientific fields.
These encompass multifarious applications like processing
of energy, and cooling and heating systems employed in
industrial processing and in space technology and devices.
Additional research exploring the phenomenon of peri-
stalsis with heat and nanofluids is referred in previous stu-
dies [40-44]. These investigations further delved into the
various parameters including Brownian conditions, Hart-
mann number, and thermophoresis.

Double diffusion is a phenomenon of typology of con-
vection with two asymmetric density gradients called solutal
and density gradients, respectively. It exhibits differing dif-
fusion rates. Numerous natural, technical, and industrial
scenarios use blended convection motion that integrates
the force and free convection flows. Any fluid having two
contrasting density gradients at differing rate of diffusion
leads to free mixed convection with double diffusion [45,46].
The practical utilization of hydromagnetic flow with heat
dissemination properties includes wide industrial applica-
tions in nuclear reactor processes, manufacturing of elec-
tronic equipment and devices, which are few to mention.
Owing to its extensive scope, the phenomenon has been
investigated with various models of peristalsis and nano-
fluids flow [47-53].

Furthermore, the conventional use of no-slip situation
is inefficient in case of fluids having wall slip condition
with macroscopic context as it involves the relation of
grip and slip velocity. The role of slip condition is salient
in different procedures such as hysteresis impacts, spurt,
and shear skin. Similarly, nanofluids with boundary slip
conditions are used in technology to build devices like
artificial heart valves and conduits. Further notable studies
are referred in previous studies [54-59].
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Due to the vast applications of the phenomenon men-
tioned above, the present study employs a unique merging
of various intricate factors like heat radiation, induced
magnetic flux, peristaltic transportation, viscous dissolu-
tion, multiple slip conditions, nanofluid, and double diffu-
sive convection. The aim of the current investigation is to
analyse the flow behaviour employing advanced mathema-
tical and computational techniques. The study focuses on
the fluid transportation with 2D peristalsis in an asym-
metric channel. The driving force of the flow is sinusoidal
waves transmitted through walls of the chamber with specific
wavelength and persistent speed. The equation of temperature,
mass, magnetic flux, concentration, momentum, and nanopar-
ticle fraction is employed on fluid peristaltic transportation
across the channel walls under slip boundary conditions. For
the study, Mathematica command, NDSolve is employed for
numerical solutions along with non-dimensional procedure.
The result’s findings are represented in graphical representa-
tions of concentration, velocity, nanoparticle fraction, magnetic
force function, and temperature that not only provides ease in
the analysis but also depicts parameters variation and its
impact on system’s behaviour. A comprehensive analysis of
the results findings is presented in Section 4, while the signifi-
cant resultant factors are summed up in the conclusion. It is
noteworthy that insight of the convective double diffusion
phenomenon upon nanoparticles in peristalsis have signifi-
cance to assist in boosting nanofluid devices, enhance devices
using microfluids, efficacious drug delivery, and proficient
heat transmission systems.

2 Mathematical model

To investigate the peristaltic flow of Sisko nanofluid under
dense and electrically charged medium, we consider the
analysis of a two-dimensional channel, characterized by
width B, + B,. The channel promotes sinusoidal waves at
uniform velocity along the channel walls, serving as the
source of initial flow. To facilitate the study, a coordinates
system is adopted where the centre of the channel is
aligned with X-axis, while the cross section of the channel
lies along the Y-axis. The geometry of the problem under
consideration is given in Figure 1.

The mathematical depiction of the wall’s geometric
forms is described as follows:

Y =W =B, + B, cos

2771()( - ct)],
@
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TG, 6,

Figure 1: Geometry of the problem.

where f; + B, indicates the channel width, (,, ;) stands
for the wave amplitudes, ¢ represents the speed of velocity,
Arefers to the wavelength, and the time is represented by ¢.
The phase difference is represented by ¢ having a range of
0 < ¢ < 1. Moreover, when ¢ = 0, it represents a symmetric
channel with no phase wave, and when ¢ = 7 it represents
a channel with a phase wave. Also f;, ,, B, B, and ¢ satisfy
the condition 7 + B2 + 2B,B, cosg < (B; + B,).

In this analysis, the right (y = W)) and left (y = Wy)
walls are retained at temperature (T, T;), concentration
of the solvent at (Cy, Cy), and nanoparticles volume fraction
(@q, ©1). The velocity V= (UX, Y, t), V(X, Y, t),0) is used
to represent the flow as two-dimensional and directional.
Additionally, we introduced an outer transverse mag-
netic flux at uniform rate Z,, an induced magnetic force
Z(zx(X,Y,0), zy(X, Y, t),0) and accumulative magnetic
flux Z*(zx(X, Y, t), Zy + zy(X, Y, t), 0) for the analysis.

The basic equations for hydro-magnetic Sisko nano-
fluid are as follows:

(a) Maxwell’s equation [31-33] is given as

V-E=0, V-Z=0, )
VxZ=],]=0E+u(VxZ}, ®)
oz

=-U,—— 4
VxE ‘uEat, 4)

where V, E, u,, J, and o refer to the velocity vector,
induced electric field, magnetic permeability, current den-
sity, and electric conductivity.
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(b) Equation of continuity is given as
V-v=0. (5)

(c) Momentum equation is defined as [47,48,50]
dav 1
p[—] =V-1-pu,(Z*-v)Z* - V[Eue(l")zl

dt
+ gipp( = O)B(T — To) + (C — o)}
_(pp - pf[))(@ - @0)}’

(6)

where T indicates the temperature, % is the material
derivative, g stands for the acceleration, p; indicates
the fluid density at Ty, B refers to the coefficient of volu-
metric thermal expansion, . stands for the coefficient of
volumetric solutal expansion, p, represents the mass den-
sity of nanoparticle, C refers to the concentration, ©
stands for the nanoparticle volume fraction, 7 is the stress
tensor for the Sisko fluid which is a kind of viscoelastic
fluid that possesses both elastic and viscous features. The
mathematical form of Sisko fluid stress tensor is defined

as [7,18]
T=-PI+ S, )]
S = (ap + ;(VI)™HA,

1
L =gradV,II = Etrac(Af),

A =L+I7
8

where P stands for the pressure and I is the Identity
tensor.

(d) The nanoparticle thermal energy equation in the
presence of mixed convection, radioactive heat flux, and
viscous dissipation is defined as [49,52]

= kVT + (pc)p[DB(VG -VT) + [&]VZT] ©

dT
(PC)f[E I

+S§-L - Vg + DicV2C,

where (pc); refers to the fluid’s heat capacity, k stands for
the thermal conductivity, (pc), represents the heat capa-
city of effective nanoparticles, Dy is the component of
Brownian diffusion, Dt refers to the coefficient of thermo-
phoretic diffusion, D¢ stands for the Dufour diffusivity, L
stands for the velocity gradient, V2 stands for the Laplacian
operator, and ¢, stands for the radiation thermal flux,
which can be established by using the Rosseland diffusion
technique as:

_4g* oT*

—_—. (10)
@ = 31 Ty
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The tremendous radiation limit is considered in this
investigation. Therefore, by assuming that there are not
any substantial temperature changes inside the flow
channel, Taylor expansion may be used to modify T*
such that temperature can be expressed as a linear func-
tion. With respect to Ty, Taylor expansion on T* is now

defined as
T4 =Ty + ATY(T - Ty) + 6T&(T - Ty + .... 1

Now we obtain (T - Tp) by omitting the higher powers
of T (more than the first).

T* = 4T$T - 3Ty 12)
Eqgs. (11) and (12) yield
*73

q _ _160' TO a_T, (13)

r 3k* oY

3 32
9q, _ 160*Ty 0°T (14)

oY 3k* 9Y?’

where k* is the Rosseland mean absorption and ¢* repre-
sents the Stefan-Boltzmann constant.

(e) The solute concentration is defined as [49,52]
dc
E = Ds veC + Dcr VZT, (15)

where Dcr and D indicate Soret diffusivity and solutal
diffusivity, respectively.
(f) The nanoparticle volume fraction is defined
as [49,52]
doe

— =DpV%0 +
e = P

D
—T]VZT.
T

(16)

() The induction equation is calculated by means of
equations (2)—(4)

oz*

ot

=Vx (VxZ)+ %szt a7
where ¢ = 1,0 is magnetic diffusivity.

Since we are interested in performing the flow simula-
tion in wave frame (x, y). Therefore, the Galilean transfor-
mation relates the velocities and coordinates in the labora-
tory (X, Y) and wave (x, y) frames as

u=U-cy=Y,x=X-ctpkxy) =PX,Y,1),
v="V,

(18)

where (u, v) and (U, V) indicate the velocities in wave and
laboratory frames, respectively.

The following quantities are defined in order to express
the flow of fluid in a non-dimensional form as

5
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X B .y By _u B,
X=—m=—, :—’5:—yu:—,m:—’
Fi B3y Bs A (4 B;
ot W W B B
W B, 1 B, 0 B, uch’
C
Pr:(PC)f U’ =pfﬁ3,v=£,Le=£,
k u Pt D;
v, Tk v C-G
S L e S St Gaepar
@1_@01 XX uc » Oxy uc ’
= _ Spbs Der(Th - Ty)
Syy = , Ner = ,
Y e T DG - )
¢),Dp(@1 - 6
N, - (pc)pDp(01 o)’
K 19
_ 811 = 60)p:B(C - Co)B?
rc yc )
Der(G - Gy)
Ny = —5A -0
T KT -T)
_ gB;(1 - Oo)(Ty — To)p;Br
Tt HC )
Rd - _160*T13 _ &P, = pe)(61 - @0)532
- 3k* s UrF — ‘UC )
¢)D1(Th — Tg 0 [}
No LU 0%, 0P o b
Tok oy oy
aw Q ag
=6, r=—0—_—— M= |-B
YT o \/; o
- (0] 0P
Rm—O'Cﬁ?’[le,(p—m,hy—— E

Using Eqs. (18) and (19), Eq. (5) is automatically satis-
fied and Eqgs. (6)—(17) in terms of the stream function ¢ and
magnetic force function @ (dropping the bars) are as
follows:

RSy, - i)

Wn | 08w, By
ox ox oy

+ ReS{8(Pydy, — DPyy) + Grb + Grey — G,

+ ReSid,, (20)

Re&*(Wthy, = ¥ythy)

a aS S
= -y 2P0 5T pesistp,, (D)
ay ox ay
- ReSZ8%(Dydy — DPyy)
1
Re(®,0x = 9,0y) = 5-(0yy + 80 + N1c(8% + Vyy)
+ Rd6,y + Np(6%Q,0, + 6,2,) @)

+ EC((SZSXXl/)xy + SXy(lpyy - Szwxx>
= 8Syyhy) + Ne((0y)* + 6%(6x)%),
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ReSLe(y, ), - )
= (Vyy + (SZVXX) + NCT(gyy + 629){){)
ReSLN(Q,Y, - Q1)
N ) (24)
= (ny + 8%0) + — (8% + eyy)
Ny
1
lﬁy - 5(d)x¢y - ¢y¢x) + R_(SZQ)XX + q)yy) =L, (25)

where Ny illustrates the Soret parameter, 2 represents the
nanoparticle fraction, N; stands for the thermophoresis
parameters, § symbolizes the wave number, Ln represents
the nanofluid Lewis number, G, stands for the nanoparticle
Grashof number, Re refers to the Reynolds number, Le
stands for the Lewis number, Nyc stands for the Dufour
parameter, N, represents the Brownian motion, ) repre-
sents the solutal (species) concentration, G, stands for the
thermal Grashof number, 6 represents the temperature, G,
stands for the solutal Grashof number, Pr is the Prandtl
number, Ry, is the magnetic Reynolds number, and (Sy,,
Syy» Syy) are the non-dimensional form of stresses deter-
mined from equation (8), and is defined as follows:

-1
aZ aZ aZ 2] 2 92
S,(,(=261+r262 ¢ I/; v l'b,
ox ay ax axay oxay
2 2 %
0%y % azzp 0%y %y
- 2| T ¥ 20 ¥ 2 il 4
Sy =1+ r‘Zé‘ axay [ay 6 ax* +s axay ay?
%y
Yl el Syy
=
62 02 62 92
=-28|1+r 262 ¢ lf v i .
ox ay ax 6x6y oxay

Now using § « 1 (long wavelength) and finite approx-
imation of a low Reynolds number, Egs. (20)-(26) become

) 3
% —ysxy + ReSiDyy + Gy + Gy - G,  (27)
_op
0= 28
3y’ (28)
29 o? e o)
0= 9 — + NicPr— Y + NpPr 0692 thra—
9y ay? oy ay oy
29 oxp | a2y azl/)i 29)
9%0
+ RdP B —
Yoy r[ay ] oy’ r[ayz]
o%y 0%0
W + NCTW = O, (30)

DE GRUYTER
2 2
0% N OO _ 0, 31)
ay? Ny oy*
Y
B, = leE - 5], (32)
where
92 7 o2
O [ "’] 99 (39
ay? ay*’

Now pressure is eliminated from Egs. (27) and (28) to
yield the stream function equation as

i-1
92 lazw 2] 2 o zw
-— -— — | — Re§{ R + G,
2 2 2 02 rt
2 o) oy "oy ay 1)
0 0Q
+ Grc aV GrF ay =0.

The boundary conditions in non-dimensional form are
expressed as

F 0
Y= -, —¢=—118Xy—10ny=w1(x),
2 ay
(35)
__F oy _ _
Y = Ty LSy = 1ony = wy(x),
a0 a0
0+ 125 =0, ony=wy,0 - 125 =1, ony = wy, (36)
5} a
y+lga—; =0, ony=w1,y—lga—; =1, ony=w, (37
Q+l%—0 ony=w Q—l%—lon =w (38)
4ay ) y 1 4ay ) y 2
@ =0, aty = wy(x) and y = wy(x), (39)

where I, L, I, and [, stands for velocity slip parameter,
temperature slip parameter, concentration slip parameter,
and nanoparticle slip parameter, respectively. The no slip
conditions in the aforementioned criteria are indicated
when ll) 12, lg, l4 =0

The mean flow (Q) in non-dimensional form is com-
puted as

Q=1+m+F, (40)

where

W1(X)a¢
[ 5y® = wom00) - pawsco),

wa(x)

F= (41)

where
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Table 1: Comparison of the current problem with available literature wi(x) = 1 + my cos2mx, @)
Wy(X) = —=m — mgy cos(2nx + Q).
Profile of velocity (u)
y = h(x) Current Akbar [18] Mehmood Viscous
problem et al. [55] fluid [3]

1.6472 -0.000806 -1 —0.0179032 -1 3 SpeC|aI cases
1.23979 0.282405 -0.317149  0.262324 -0.168407
0.83237 0.511743 0.309694  0.500021 0.478388 ¢ The results of Akbar [18] can be recovered as a special
0.424954  0.674745 0.863047  0.686395 0.940385 case of our problem by dropping/ignoring the phenomena
0.0175371 0769948 131172 0.808947 1.21758 of induced magnetic field (®), viscous dissipation (Br), slip
-0.38988  0.802025 157029 0.852524 1.30938 parameters (L, b, L5, 1), thermal radiation (Rd), solutal
—0.797296  0.774457 1.40441 0.808946 1.21758 (species) concentration ()
-120471  0.685145 0976262  0.686394 0.940385 }Il) ¢ Meh V). .
-161213 0529514 0411789 050002 0.478388 * The outcomes of Mehmood et al. [55] may be obtained as
201955 0306978  -0252917  0.262323 ~0.168407 a special case of our problem by dropping the phenomena
242696  0.024901 1 ~0.0179043 1 of double diffusion convection (Gg, Gy, Gyc), induced mag-

netic field (&), thermal radiation (Rd), solutal (species)
@ s . ' ' . ;

—r=0.1

-3
-1

©,

—N, =01

2

-1

-0.5

0 0.5

Q

Figure 2: Behaviour of Pressure rise on r, 1, Ny, and /.
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(a)

3.5 T T T T

—r=01

- =r=05

dp/dx

=)
=)
N
1
'S
=)
)
=)
)
-

(c)

dp/dx

Figure 3: Pressure gradient impact on r, /1, G, and Rd.

concentration (y), nanoparticle fraction (), and slip para-
meters (3, [4).

* By considering the value of the non-Newtonian parameter
(r) =0 and excluding the phenomena of heat transfer,
double diffusion convection, slip parameters, and induced
magnetic field, the results of the viscous fluid [3] can be
found as a special case of our problem (Table 1).

4 Numerical solution and graphical
analysis

The exact solution to Egs. (27), (29)-(32), and (34) appears to be
difficult to attain; the solution may be found by using
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(b)
5

(d)

computing techniques. Mathematica 9 and MATLAB software
is used for performing the numerical computations of Egs.
27), (29)—(32), and (34). NDSolve command is utilized for sol-
ving the nonlinear equations in Mathematica. NDSolve is basi-
cally a Wolfram Language function that is used to solve
numerical differential equations. It is capable of solving a
large variety of ordinary differential equations and certain
partial differential equations. In NDSolve, the solutions for
the functions are represented by interpolating function
objects. The interpolating function objects approximate the
function throughout the independent variable’s range of
minimum to maximum values. In general, NDSolve itera-
tively discovers solutions. To investigate the thermodynamic
features of our model, a graphical analysis of the numerical
results is produced.
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(a)
0

.8
0.7
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0.5
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S 03
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0.1

Figure 4: Behaviour of velocity profile on r, /1, Ny and Rd.

The effects of pressure rise on non-Newtonian para-
meter (r), velocity slip (1)), thermophoresis parameter (Ny),
and thermal slip (I;) are analysed in Figure 2(a)-(c). To
expose all aspects of pressure rise, the pumping phases
are classified into the following segments:

a) The augmented region exists when Q < 0 and Ap < 0:
The pressure induced by the peristaltic force enhances
flow in this area.

The peristaltic region exists when Q > 0 and Ap > 0 gt is
0: Fluid is propelled in the direction of flow by peri-
stalsis waves, which continually regulates the pressure
in this area.

The retrograde region exists when Q < 0 and Ap > 0:
Peristalsis contractions are preventing the flow in this
area, which increase pressure in the direction opposite
to the flow. The retrograde motion may generate a

b)

c)
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(b)

1.2 T T T T T T T T

0.8

0.6

0.2

----- Rd=2.0
0.2 . . . . . . . .
2 415 4 05 0 0.5 1 1.5
y

“backflow” effect that spreads the fluid and avoids
system congestion.

d) The free pumping region exist when Ap = 0 and Q = 0:
Peristalsis walls are the sole means of flow in this
region.

It is seen from Figure 2(a) that increasing the influence
of the non-Newtonian parameter (r) increases the pressure
rise in the zones of retrograde, free, and peristaltic pumping,
but the reverse effect is seen in the augmented region. Here
pressure rise drops because of the rising influence of r. In
Figure 2(b), it is shown that as the influence of velocity slip
(I increases, the pressure rise falls in the peristaltic, free,
and retrograde pumping zones, but the opposite behaviour
is noted in the augmented pumping region. The rising influ-
ence of velocity slip causes pressure to increase in this
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Figure 5: Behaviour of temperature profile on impact on Br, /,, Rd and N, .

region. As observed in Figure 2(c) and (d), increasing
the thermophoresis (V) and thermal slip (I;) parameters
cause pressure to increase in all peristaltic pumping zones.
Figure 3(a)-(d) depicts the significance of various para-
meters on the pressure gradient distribution. It is noted
from Figure 3(a) that increasing the non-Newtonian variable
causes the pressure gradient to accelerate at the central
region of the channel while decreasing towards the right
and left sides. According to Figure 3(b), the pressure gra-
dient reduces in the region x € [0.3,0.6] due to the increasing
impact of velocity slip, whereas it increases in the regions
x €1[0,0.3] and x € [0.6,1]. As illustrated in Figure 3(c) and (d),
the pressure gradient drops as a result of the increasing
impact of nanoparticle Grashof number (G,f) and thermal
radiation (Rd).

The phenomenon of flow velocity is investigated
in Figure 4(a)-(d) for various values of non-Newtonian
parameter (r), velocity slip (};), thermophoresis (Vy), and
thermal radiation (Rd). As depicted in Figure 4(a), when
the fluid is in the range x € [-2.45, -2] and x € [1,1.6], the
velocity of the fluid rises owing to the increase in the
influence of the non-Newtonian parameter, but when the
fluid is at the channel’s centre at x = —0.5, the maximum
fluid velocity exists. Furthermore, as fluid approaches the
regions x € [-2.0, —-0.6] and x € [-0.6,1.0], the velocity
begins to decrease due to the increasing behaviour of r.
According to Figure 4(b), the velocity of fluid drops in the
region x € [-1.3,0.8] as the effect of velocity slip parameter
(1)) increases. Furthermore, similar behaviour of fluid velo-
city is noted in the regions x € [-2.45, -1.3] and x € [0.8,1.6].
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Figure 6: Behaviour of solutal concentration impact on /5, Nc, Pr, and Rd.

Here magnitude value of fluid velocity decreases as [
increases. As shown in Figure 4(c), fluid velocity tends to
rise when it is in the region x € [-1.0,1.6], but it tends to
drop when it is in the region x € [-2.5, 1] due to an increase
in the influence of thermophoresis (V) parameter. The fluid
velocity exhibits opposite behaviour on thermal radiation
(Rd) when compared to the thermophoresis (Vy) parameter.
The velocity profile enhances when fluid is in the region x €
[-2.5, -1.3] and drops when the fluid is in the region x € [ -
1.3,1.6] due to the enhancing influence of thermal radiation
(Figure 4(d)).

Figure 5(a)—(d) displays the effect of temperature dis-
tribution on Brinkman number (Br), thermal slip para-
meter (l,), radiation parameter (Rd), and Brownian motion
(Np,). Figure 5(a) illustrates the impact of Brinkman number
(Br) on temperature distribution. It is demonstrated in

this figure that by using Br, it is possible to increase the
internal resistance among the fluid’s particles, which leads
to a better temperature distribution. A similar character-
istic is being investigated in Figure 5(b) for the thermal
slip parameter (). Figure 5(c) shows the graphical impact
of temperature on radiation (Rd) parameter. This figure
illustrates that increasing the values of the radiation para-
meter reduces temperature. It is due to the fact that as the
radiation parameter rises, heat conduction is reduced, and
electromagnetic wave motion is improved. Because irre-
gular atom growth leads to dispersion of heat exchange,
when it is sent out, the adjoining particles spread less and
the vitality exchange rate between them slows down. Dif-
fusive heat exchange also happens more slowly than radia-
tive heat exchange. It is noted in Figure 5(d) that the
system’s temperature may change as a result of the
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Figure 7: Behaviour of nanoparticle volume fraction on Pr, /4, Br, and Rd.

enhanced Brownian motion. This occurs because when
particles collide more frequently and violently, some of
their kinetic energy is transferred to the suspended parti-
cles. The particles internal energy is increased, and their
temperature is raised as a result of the energy transfer.
Therefore, a rise in Brownian motion usually correlates
with a rise in temperature.

Figure 6(a)-(d) displays the characteristics of solutal
concentration on slip parameter of concentration (I3), Soret
parameter (Ncy), Prandtl number (Pr), and radiation para-
meter (Rd). Figure 6(a) demonstrates that the concentra-
tion profile decreases as a result of the increasing influence
of the concentration’s slip parameter (I3). It is noted in
Figure 6(b) that due to the increasing impact of the Soret
parameter, the profile of concentration tends to drop. The
Soret parameter shows a higher impact of heat diffusion on

DE GRUYTER

(b)

(d)

concentration profiles as it rises. In these situations, the
concentration profile frequently exhibits a tendency to
decline or become more reduced in areas of greater tem-
perature. As seen in Figure 6(c), a rise in the Prandtl
number causes irregularities and a general drop in the
particle distribution. The flow field’s temperature rise is
the primary factor in the lowering of nanoparticle concen-
tration, which is caused by the temperature of the channel.
The radiation parameter exhibits opposite effect on con-
centration profile when compared to I3, Nct, and Pr. The
concentration profile rises due to the increasing influence
of heat radiation. Increased movement of molecules and
energy transfer throughout the system might be a result of
high radiation intensity. This improved molecular mobility
may cause diffusion coefficients to rise, facilitating the
transport of particles throughout the medium. The
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Figure 8: Behaviour of magnetic force function on R, and E.

concentration profile may consequently stretch out or
become more diffuse, increasing concentration across a
larger region, as seen in Figure 6(d).

Figure 7(a)-(d) shows how the nanoparticles volume
fraction affects several fluid properties such as Prandtl
number (Pr), nanoparticle slip parameter (l,), Brinkman
number (Br), and thermal radiation (Rd). The graph in
Figure 7(a) demonstrates the effect of nanoparticle volume
fraction on Prandtl number (Pr). Figure 7(a) illustrates that
when the effect of the Prandtl number increases, the nano-
particle volume fraction profile decreases. From Figure
7(b), it is seen that the profile of nanoparticle volume
fraction enhances when the impact of nanoparticle slip
parameter increases. It is highlighted in Figure 7(c)
that when the Brinkman number increases, the convec-
tive flow dominates. The fluid’s nanoparticles may mix
more effectively as a result of the enhanced flow. The
outcome is a greater nanoparticle volume percentage
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because the nanoparticles are spread more uniformly.
It is observed from Figure 7(d) that increasing the
radiation parameter may result in considerable fluid
heating or temperature gradients. As a result, thermal
buoyancy forces may be produced, causing convective
fluid motion. Increased convection promotes nanoparticle
dispersion and mixing throughout the fluid resulting in a
higher nanoparticle volume fraction.

Figure 8(a) and (b) show the effects of the magnetic
force function on the magnetic Reynolds number (R,,) and
electric field (E). To study the impact of magnetic force func-
tion on magnetic Reynolds number (R,,,) and electric field (E) ,
Figure 8(a) and (b) are plotted. As seen in Figure 8(a), the
magnetic force function frequently increases as the magnetic
Reynolds number increases, indicating that magnetic induc-
tion impact on fluid behaviour is becoming more important.
The profile of magnetic force function decreases when the
intensity of electric field increases (Figure 8(b)).

04 06 08 10 12 14
x
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10 12 14 04 06 08 1.0 12 14

X X

Figure 9: Impact of velocity slip parameter (/) on streamlines. (a) /; = 0.0; (b) /; = 0.1 and (c) /; = 0.2.
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Figure 10: Impact of thermal slip parameter () on streamlines. (a) /> = 0.0; (b) /, = 0.4 and (c) /, = 0.8.
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Figure 11: Impact of concentration slip parameter (/5) on streamlines. (a) /3 = 0.0; (b) 5= 0.2 and (c) /3 = 0.4.

4.1 Streamlines they provide valuable insights through flow patterns and

pathways of fluid particles in the system. Hence, the
The conceptual lines, used in fluid dynamics, are called streamlines analysis is beneficial for the development
streamlines. These hypothetical lines depict the instanta- and enhancement of peristaltic flow system. The visualiza-
neous direction of fluid movement at varying points within  tion of streamlines enables the researchers to detect zones
the fluid field. When taken into consideration in the study of flow separation areas, characterized by elevated sheer
of peristaltic flow, the streamlines have significance as stress, or potential sites for particle deposition. This

- 1.0
- 0.5
> 0.0 » 0.0 .
-0.5F =3
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04 06 08 10 12 14 04 06 08 10 12 14 04 06 08 10 12 14
> 4 x X

Figure 12: Impact of nanoparticle slip parameter (/;) on streamlines. (a) I, = 0.0; (b) /4, = 0.4 and (c) /, = 0.8.
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knowledge is invaluable as it can be used to develop more
efficient peristaltic devices or improve the parameters
matrix for specified flow characteristics.

The impact of streamlines on velocity slip (4), thermal
slip (L), concentration slip (L), and nanoparticle slip (ly)
parameters are examined in Figures 9-12. According to
Figure 9, the quantity and shape of the trapped bolus
reduces in both the top and bottom regions of the channel
as the velocity slip increases. This occurs because velocity
slip may strengthen the fluid mixing, especially at channel
boundaries. This improved mixing may have an impact on
the bolus’ solute or particle distribution, which may change
the bolus’ composition and characteristics. As shown in
Figure 10, the appearance of the trapped bolus changes in
the top area of the channel as the influence of the thermal
slip parameter increases, whereas the number of trapped
boluses increases in the bottom region. In Figure 11, it
is shown that when the concentration slip parameter
increases, the size of the trapped bolus decreases in the
top region of the channel while increasing in the bottom.
The opposite behaviour is noted when nanoparticle para-
meter increases. According to Figure 12, the volume of the
trapped bolus increases due to the increasing impact of
nanoparticle slip parameter, whereas in the lower part,
the trapped bolus decreases.

5 Conclusion

The study looks at the phenomena of double-diffusive con-
vection making use of the Sisko nanofluid model. It illus-
trates the effects of induced magnetic field, viscous dissipa-
tion, and heat radiation in an asymmetric geometry with
numerous slip conditions. The convective double diffusion
phenomena are described by the Soret and Dufour para-
meters. Mathematical formulation of the proposed model is
carried out in 2-dimensional and 2-directional flow. A group of
nonlinear partial differential equations are generated by the
mathematical modelling of fluid flow. Using Mathematica’s
built-in NDSolve program, the coupled nonlinear differential
equations are numerically computed. Graphical data are
shown to highlight the importance of various physiological
features of flow amounts. The following are the key conclu-
sions drawn from this investigation:

* As the radiation parameter increases, the distribution of
temperature decreases as a result of the system’s significant
heat radiation and thereby resulting in cooling effects.

* An increase in the Brownian motion corresponds to an
increase in the temperature distribution because when
particles collide more frequently and strongly, some of
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their kinetic energy is transmitted to the suspended par-
ticles. As a result of the energy transfer, the particles’
internal energy increases and their temperature rises.

* Heat diffusion has a greater effect on the concentration
profile as the Soret parameter increases.

* An increasing impact of heat radiation causes the con-
centration profile to increase.

 The nanoparticle volume fraction profile lessens as the
Prandtl number’s influence increases.

* When a fluid’s temperature changes due to thermal
radiation, buoyancy effects occur that cause the fluid to
rise to a higher level, which can increase the volume
fraction of nanoparticles.

+ As the velocity slip rises, the trapped bolus shape and
size are reduced in both the upper and bottom parts of
the channel.

* The volume of the confined bolus reduces in the upper
part of the channel while boosting in the bottom as the
concentration slip parameter rises.
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