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ABSTRACT: The present research explores the theoretical analysis of power-law nanofluid across ex-
tended sheet with thermal-concentration slip and Soret/Dufour effects. Physical problem is converted into
non-linear differential equations via similar transformations. The Keller box method has been utilized to
solve the non-linear problems. In the nanofluid framework, the Soret/Dufour and magnetic fields are in-
tegrated. The Keller Box approach is apply on explanatory algebraic equations with MATLAB software
to extract the numerical and graphical results. Physical features such as temperature description, velocity
description, and mass distribution are examined in relation to different flow model variables. The findings
show that the velocity profile increases with increasing thermal-concentration slip variable while mass con-
centration rate decreased. It is found that the heart transmission rate and fluid velocity are increased with
increasing Brownian motion and Lewis variable. Present study is useful for the cooling process in industrial
mechanical systems.
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I. INTRODUCTION

The term "nanofluid" refers to a fluid that made up of
nano materials. Small pieces of metallic materials such
as carbide atoms, or oxides produced at the nanoscale
are known as nanoparticles. Inappropriate liquids, in-
cluding water and grease, have lower thermal conductiv-
ity is known as base liquid. The heat and mass trans-
mission rate can be enhanced by simply adding nanoma-
terial into base liquid. As a result, employing nanoflu-
ids to transfer heat can enhance thermal characteristics.
The cooling processes, thermal transfer infrastructure,
refrigerators, electrically powered hybrid engines, paper
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making, and automobile heating and cooling mainte-
nance are just a few of the heat transportation appli-
cations that benefit from nanofluids’ special qualities.
Ullah et al.1 investigated the impacts of temperature-
concentration slipping impacts and external magnetic
field on second-grade nanofluid technology with variable
density and viscous dissipation along extended surfaces.
Ullah et al.2 examined the heat and mass transmis-
sion through magnetohydrodynamic (MHD) power-law
nanofluid flow over a movable surface using soret/sufour
phenomena and surface heat flux.

Ullah et al.3 used an accelerated non-conducting
wedge surface in an imposed magnetic field to assess
the effects of thermal slip and varying viscous on ther-
mal conductivity and magnetic flux. Using a magnetic
field orthogonal to the plane of the surface to solve this
problem is the main objective of the Ullah et al.4 re-
search. The MHD convection heat transfer and ampli-
tude challenge of electromagnetic fluid flowing down a
horizontal non-magnetized circumferential heating con-
tainer with decreased gravitational and heat stratifica-
tion has been numerically simulated. The authors were
found that the current density rised with increasing os-
cillation magnitudes, while the transient skin friction
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and heat transmission rate exhibit a noticeable oscilla-
tion intensity at both α= π/6 and π/2 locations. Their
research sheds important light on the interactions be-
tween electromagnetic forces, heating and solutal dis-
persion, and boundary conditions which comprehend
and maximize the behavior of nanofluids. We expand on
their approaches and apply the analysis to the entropy
optimization and variable density impacts on magneto
Ree-Eyring nanofluid flow with different slip conditions,
this work serves as a fundamental framework for our in-
vestigation.
The MHD combined convection flow of conducting

fluid along vertically magnetic and symmetrical warmed
surfaces having slip velocity and thermally slip influ-
ences has been simulated numerically and physically by
Alharbi et al.5. Evaluating the heat transmission and
magnetic flux across a symmetric magnetize plate while
accounting for thermo and velocity slip impacts was in-
novation in that work. Ullah et al.6 examined the vis-
cosity dissipation, temperature-dependent density, ther-
mophoresis, and chemical processes that occur when a
nanofluid transfers mass and heat across a magnetized
driven surface. Ullah et al.7 analyzed the impacts of
solutal and thermal slip on the flow of boundary layer
nanofluids through an accelerated wedge. The authors
focused the impact of thermophoresis and Brownian mo-
tion is taken into consideration in their research work.
Ullah et al.8 employed the convective boundary circum-
stances to define heat transmission with an emphasis on
the physical relevance of heat production and chemical
reactions on Carreau nanofluids. Ullah et al.9 concen-
trated on integrating the effects of temperature slip and
changing viscous on the generated magnetic gradient
and heat flux across a rotating non-conducting disk in
a magnetic field. Induced magnetization enhances the
effectiveness of thermal equipment to maintain thermal
rates in engineering and industrial processes. To en-
hance the thermal performances of transient nanofluid
flow over various forms is examined10–19.

This work is focused on the study of Soret/Dufour
phenomena and the impacts on thermal rate and
mass transmission in the power-law nanofluid move-
ment under external magnetic fields with thermal-
concentration slip across a stretchable surface. Using
the Soret/Dufour effect, the particle flow rises with fluc-
tuations in both concentration and temperature. The
Newton–Raphson method is applied on ordinary dif-
ferential equation to integrate the non-similar physical
problem with the bvp4c approach. MATLAB software is
used to visualize and quantify the results of the math-
ematical equations. A MATLAB solver called bvp4c
solves boundary value problems (BVPs) using a finite

difference code. It can deal with problems involving
singular terms or unknown parameters and solves sys-
tems of ordinary differential equations (ODEs) of the
form y′ = (x,y) on an interval [a,b]. It is investigated
how different flow model parameters impacted the mass
transport, skin friction, heat transfer, fluid concentra-
tions, temperature description, and velocity pattern.
Although the authors20 came to a conclusion regard-
ing thermal and mass transfer of power-law nanofluids
within boundaries, this study uses the Keller box mod-
eling to improve the efficiency and effectiveness of the
Nusselt ratio and Sherwood factor by examining the
effects of Soret/Dufour on power-law nanofluids along
thermal-concentration slip. Following are the key ob-
jective of the present study;

1. To investigate the mass and heat transmission in
magneto power-law nanofluids over a stretched
sheet with multiple slip efect.

2. To examine the Soret/Dufour effect on heat and
mass transmission in power-law nanofluid along
stretching surface with thermal and cioncentration
slip effect.

3. To investigate the magnetic fields effect on mass-
heat transmission with flow stability of the
nanofluid.

II. PHYSICAL MODEL

This research explores the theoretical analysis of power-
law nanofluid across extended sheet with thermal-
concentration slip and Soret/Dufour effects with linear
velocity, uw (x) = Bx. The refractive index of present
model is n, and the surface temperature of extending
plate is Tf with variable thermal rate exchanger coeffi-
cient h(x) =A(1−x)1/1+n.

FIG. 1: Extended Sheet for Power-law Nanofluid.
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Figure 1 is the model diagram which is demonstrated
the non-Newtonian nanofluid flow along extended sheet
with horizontal velocity u and vertical velocity v. When
dealing with fluids that possess non-Newtonian char-
acteristics, the power law nanofluid model is utilized,
which establish the relationship between the ratios of
stress and strain as;

τxy = µ
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The boundary condition of present model is

v = 0,u= uw(x),T = Tw+S1
∂T

∂v
, C = Cw+S2

∂C

∂v
at y = 0 (6)

u→ 0,T → T∞, C→ C∞ as y→∞ Using following similarity variables by following Khan
and Gorla20

η =
(
B2−nx1−n

v

) 1
(1+n)

y, ψ =
(
vB2n−1x2n) 1

(n+1) f(η)

θ(η) = T −T∞
Tf −T∞

, φ(η) = C−C∞
Cw−C∞

(7)

Here ψ is expressed the stream function and it is de- fined as u = ∂ψ
∂y and v = −∂ψ∂x , here u and v are the
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horizontal and vertical component of velocity and given
as:

V =−
(
vB2n−1xn−1) 1

(1+n)

{(
2n

1 +n

)
·f +

(
1−n
1 +n

)
·ηf ′

}
(8)

By applying similarity variables on equation3–5, it is
transformed into following ordinary differential equa-
tions:

n
(
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The boundary condition for newly formed ordinary
differential equation will be;

f(0) = 0, f ′(0) =−λ,θ(0)−S1θ
′(0) = 1, φ(0)−S2φ

′(0) = 1 at η = 0
f ′(∞)→ 1, θ(∞)→ 0,φ(∞)→ 0 at η→∞

(12)

S1 and S2 are the thermal and concentra-
tion slip factor, magnetic parameter M =
σB0

2
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n+1 )
Vn is the suc-

tion/injection parameter.
The values of Sherwood, skin friction and Nusselt num-
ber are expressed as:

Re
−1/1+n
x Sh=−φ′(0),Re1/1+n

x Cf = 2,Re−1/1+n
x Nu=−θ′(0) (13)

The Reynolds factor can be determined as

Rex = xn(Bx)2−n

v
(14)

The Sherwood factor Rex−1/(1+n)Nux is reducing and
the Nusselt factor Rex

−1/1+n Shx is also reduced for

present model.

III. MATHEMATICAL APPROACH

We compute these mathematical problems computa-
tionally using the Keller Box method and iterative ap-
proaches. First, we use (v)η,(p)η and (q)η as indepen-
dent parameters.

We put

θ′ = u, θ′′ = u′, φ′ = l, φ′′ = l′

f ′ = p, f ′′ = p′ , p′ = q, f ′′′ = q′
(15)
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FIG. 2: demonstrates the concentration, thermal and velocity rate for S1.

The boundary condition is newly formed and for
above equation will become:

f = 0, p=−λ, θ−S1u= 1,
φ−S2l = 1 at η = 0

p= 1, θ = 0,φ= 0 at η→∞
(16)

The above mentioned equation represented as

θ′ = u ⇒ θ′−u= 0
f ′ = p ⇒ f ′−p= 0
φ′ = l ⇒ φ′− l = 0
p′ = q ⇒ p′− q = 0

(17)
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(

2n
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)
fq−P 2 +MP = 0 (18)

1
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(
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+Sr
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Using central difference methodology on previous
mentioned relation;

f ′ = fi−fi−1
hi

and f = fi−fi−1
2 = fi− 1

2

θΩ−θΩ−1−
1
2hΩ (uΩ +uΩ−1) = 0

fΩ−fΩ−1−
1
2hΩ (PΩ +PΩ−1) = 0

φΩ−φΩ−1−
1
2hΩ (lΩ + lΩ−1) = 0

PΩ−PΩ−1−
1
2hΩ (qΩ + qΩ−1) = 0

(21)
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FIG. 3: demonstrates the concentration, thermal and velocity rate for S1.

n

hΩ

(
qΩ + qΩ−1

2

)n−1
(qΩ− qΩ−1) + 2n

n+ 1 (fΩ +fΩ−1)(qΩ + qΩ−1)− 1
4 (PΩ +PΩ−1)2 + M

2 (PΩ +PΩ−1) = 0 (22)
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The boundaries equations are listed below

f(0) = 0, p(0) =−λ,
θ(0)−S1u(0) = 1,

φ(0)−S2l(0) = 1 at η = 0
PΩ = 0,uΩ = 0, qΩ = 0 at η→∞

(25)

A. Applying Newton-Raphson method

Apply the Newton-Raphson technique on present prob-
lems now.
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FIG. 4: demonstrates the concentration, thermal and velocity rate for S1.

fk+1
i = fki + δfki

Where, i= Ω, since we exclude all instances of powers
of δ greater than the first power when using the tra-
ditional Newton-Raphson technique, the equation be-
comes

δθΩ− δθΩ−1−
1
2hΩ (δuΩ + δuΩ−1) = (r1)Ω

δfΩ− δfΩ−1−
1
2hΩ (δPΩ + δPΩ−1) = (r2)Ω

δφΩ− δφΩ−1−
1
2hΩ (δlΩ + δlΩ−1) = (r3)Ω

δPΩ− δPΩ−1−
1
2hΩ (δqΩ + δqΩ−1) = (r4)Ω

(26)
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(u1)δqΩ + (u2)δqΩ−1 + (u3)δfΩ + (u4)δfΩ−1 + (u5)δPΩ + (u6)δPΩ−1 = (r5)Ω
(v1)δqΩ + (v2)δqΩ−1 + (v3)δfΩ + (v4)δfΩ−1 + (v5)δlΩ + (v6)δlΩ−1 = (r6)Ω

(w1)δlΩ + (w2)δlΩ−1 + (w3)δfΩ + (w4)δfΩ−1 + (u5)δuΩ− (u6)δuΩ−1 = (r7)Ω

(27)

The boundary requirements that can be precisely sat-
isfied without iteration are recalled. Consequently, to

ensure that these precise values are maintained during
each cycle; We can write

f(0) = 0, p(0) =−λ, θ(0)−S1u(0) = 1, φ(0)−S2l(0) = 1 at η = 0
PΩ = 0,uΩ = 0, qΩ = 0 at η→∞

(28)

B. Matrix form

The procedures will either fail because the matrix solv-
ing technique needs the presence of a similar matrix
including a sub matrix, or it will become exceedingly
unfavorable since the matrix includes any discernable
structure. This makes it a crucial step.

Aδ = r

That is



[A1] [C1]
[B2] [A2] [C2]

. . .

. . .
[BΩ−1] [AΩ−1] [CΩ−1]

[BΩ] [AΩ]





[δ1]
[δ2]
[δ3]

:
·

[δΩ−1]
[δΩ]


=



[r1]
[r2]
[r3]
...
·

[rΩ−1]
[rΩ]


(29)

IV. RESULTS AND DISCUSSION

In this study, the power law magneto-nanofluids across
an extended surface with thermal-concentration slip was
examined with respect to both mass and heat trans-
port effects. Using a similarity transformation with non-
similar formulation, the nonlinear PDEs sre converted
into ODEs for present nanofluid model. A computation
integration of the final non-similar problem is performed
using the Keller box method. Both numerical and vi-
sual representations of the explanatory algebraic equa-
tions are provided by the MATLAB software. Physical
features such as temperature description (0), velocity
description f ′(0), and mass distribution φ(0) are exam-
ined in relation to different flow model variables.
Figure 2 is demonstrated the influence of thermal slip

effects (S1 = 0.1, 0.2, 0.3, 0.4, 0.5) on mass concen-
tration rate, thermal rate and nanofluid flow rate while
values of remaining physical parameters kept fixed. It is
noted that concentration boundary declined with inclin-
ing the thermal slip parameter as shown in Figure 2(a).
The mass concentration rate is maximum at thermal slip
value S1 =0.1 and further reduced on increasing thermal
slip parameter and gain minimum mass concentration
rate at thermal slip value S1 = 0.5. In many researches
it is observed that the mass concentration rate rises with
increasing thermal slip parameter but in present model
it decreases due to stretching surface. Thermal bound-
ary layer thickness increases with increase in thermal
slip factor as shown in Figure 2(b). The thermal rate is
minimum at thermal slip parameter value S1 = 0.1 and
further increases on increasing thermal slip parameter
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FIG. 5: demonstrates the concentration, thermal and velocity rate for S1.

and gain maximum thermal rate at S1 = 0.5. The ther-
mal slip variable affects the dimensionless heat transmis-
sion rate and it is dependent on the particular flow con-
ditions as well as the characteristics of the fluid and solid
surface. Slip effects, which occur when fluids do not fol-
low accros boundaries. It has a variety of uses including
conserving energy, friction reducing, and smoothing in-
side chambers and valves within the heart. The Figure
2(c) shows that the velocity rate rises up with rising the
value of thermal slip parameter and attain maximum
value at S1=0.5 and minimum value is to be noted at
lower values of thermal slip parameter while keeping the
value of remaining physical parameter constant.
Figure 3(a-c) demonstrates the influence of concen-

tration slip effects (S2 = 0.2, 0.4, 0.6, 0.8, 1.0) on mass
concentration rate, thermal transfer rate and fluid flow
rate keeping the values of remaining physical parame-
ters kept fixed. It is noted that concentration boundary
declined with inclining concentration slip as shown in
Figure 3(a). The mass concentration rate is maximum
at S2 =0.2 and further reduced on increasing concen-
tration slip parameter and gain minimum mass concen-

tration rate at S2 =2.0. Thermal boundary layer thick-
ness increases with increasing concentration slip factor
as shown in Figure 3(b). The thermal transmission
rate is minimum at S2 =0.2 and further increases on
increasing concentration slip parameter and gain maxi-
mum thermal transmission rate at S2 =2.0. The Figure
3(c) showed that the velocity rate rise up with rising
the value of concentration slip parameter and attain
maximum value at S2 =1.0 and minimum value is to
be noted at lower value of concentration slip parameter
while keeping the values of remaining physical parame-
ters constant.

The impact of Brownian motion variable (Nb=0.1,
1.0, 2.0, 3.0, 4.0) on mass concentration profile, profile,
heat transmission profile and velocity profile are demon-
strated in Figured 4(a-c). It is noted that all these three
profile (mass concentration profile, heat transmission
profile, velocity profile) are increased with increasing
Brownian motion variable and get maximum value at
Nb=4.0. The Figure 5(a-c) expresses the effect of Lewis
variable (Le=0.1, 0.5, 1.0, 1.5, 2.0) on mass transmission
rate, heat flow rate and velocity of flowing fluid while
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TABLE I: Theoretical values of f ′′(0),−θ′(0) and φ′(0) for Sr = 1.0,2.0,4.0,6.0,7.0.

Sr −f ′′(0) −θ′(0) −φ′(0)
0.2 1.923977881112351 0.135069252774694 0.494191831370841
0.4 1.701344237532651 0.084864213790988 1.276572068067135
0.8 1.683396363093730 0.036848075388725 1.956767526577293
1.0 1.635151891187262 0.020755287281812 2.496832437333638
1.2 1.609442144543882 0.015858050231376 2.841961059071488

TABLE II: Comparison the values of Pr for −θ′(0) with published results.

Pr Noghrehabadi et
al.21 Abbas et al.22 Ullah et al.1 Present results

0.07 0.065565 0.065554 0.065554 0.065554
0.02 0.169089 0.169071 0.169069 0.169069
0.7 0.453916 0.453921 0.453920 0.443920
2 0.911358 0.911332 0.911330 0.911330
10 1.895404 1.895456 1.895454 1.885454

keeping the value of other physical factor constant as
shown graphically. It is found that the mass transfer
rate in nanofluid achieved maximum rate at lower value
of Le=0.1 and rate further decreases on increasing Lewis
variable as shown in Figure 5a. It is noticed that heat
transfer rate and velocity of fluid speed up as we in-
creases the Lewis variable and maximum rate achieved
at Le=2.0.
The impact of several Soret number values (Sr = 0.2,

0.4, 0.8, 1.0, 1.2) on skin rate, Nusselt number and
Sherwood rate are shown in Table I. After adjusting
the other factors, this data may be used to determine
how physical factors like mass transmission, skin fric-
tion, and heat transmission behave. According to Table
I, skin friction reduces at higher value of Soret num-
ber (Sr = 1.2) and increases at lower Soret (Sr = 0.2)
values. Furthermore, the mass transmission rate is min-
imum at a very small value of Soret number (Sr = 0.2)
and reach its highest value at an even higher percentage
of Soret number (Sr = 1.2). The Table II demonstrates
the validation of present results with literature.

V. CONCLUSION

A computational model is built to investigate the power-
law nanofluid performance along extended surface with
thermal-concentration slip conditions and uniform sur-
face nanoparticle concentration. A comparable solution
is created by adjusting temperature and Soret/Dufour
parameters that are connected to the concentration of
the nanofluid. The relationship of skin friction −f ′′(0),
local Nusselt number −θ′(0), and Sherwood numbers
−φ′(0) is investigated numerically. The velocity profile,

temperature profile and mass transmission profile for
thermal slip parameter (S1), concentration slip parame-
ter (S2) and Brownian motion are found. Following are
the principal results.

• The velocity rate are inclined up for higher values
of thermal and concentration slip at S1 = 0.5 and
S2 = 1.2.

• The mass concentration profile are increased at
higher value of thermal and concentration slip at
S1 = 0.5 and S2 = 1.2 respectively.

• The graphical results are showed that the mass
transfer rate is achieved maximum value at lower
value of Brownian motion variable.

• It is found that the heart transmission rate and
fluid velocity are increased with increasing Brow-
nian motion and Lewis variable.

• The thermal profile is increased at lower values of
both thermal-concentration slip at S1 = 0.1 and
S2 = 0.2 but reduced at higher values.

• The Sherwood profile is increased with increasing
prandtl number while the skin friction and Nusselt
number are showed reverse effect.

The variable density, activation energy and Hall current
effect can be apply on power-law nanofluid to investigate
the heat-mass characteristics in future.
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