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Abstract

This work uses a non-linear stretching surface with viscous
dissipation in two dimensions to show the influence of heat
absorption and suction on magneto-hydrodynamic boundary-
layer flow of Casson nanofluid. The leading PDEs are turned
into a set of ODEs with sufficient boundary conditions using
similarity transformations, and then numerically resolved
using a BVP4C software technique. The model is enforced for
nano-fluid which extension the feeling of thermophoresis and
Brownian motion. The influence of dimensionless control
settings on nanoparticle concentration profiles, temperature,
and flow velocity is investigated using graphs. Other
important properties, such as the skin friction coefficient, heat,
and mass transport in a variety of conditions, and the
relationship between these factors, are examined using tables
and graphs.Stability and convergence analysis model has been
utilized.The initial value of different parameters are given
below as

U=V =T=C=0,An=0007Ar=0.9,Ay=0.39,
E, >0.225,P > 0467, N, > 0.556

Furthermore, the numerical computations and previously
published research are proven to be in perfect agreement.
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INTRODUCTION

Because of its enormous illustration of uses, the investigation
of non-Newtonian liquids over an expanding surface has
accomplished incredible consideration. Truth be told, the
effects of non-Newtonian conduct can be surveyed by its
versatility, yet their constitutive conditions here and there
recognize the rheological properties of the liquid.Given the
rheological boundaries, the constitutive conditions in the non-
Newtonian liquids are more perplexing and accordingly
bringing about the convoluted conditions than the Navier—
Stirs up conditions.A significant number of the fluids have
been used in the oil area, multiplex organizations, cooling
cycles of miniature boats, open-stream exchanging, and
reproducing repositories are impressive [1-5]. The fluid
performs both shear-subordinate consistency as well as shear-
subordinate thickness in various forms. The deliberate effects
of several quantities on the progression of Casson fluid was
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investigated [6]. The liquid has unique attributes in the class
of non-Newtonian liquids which are ordinarily utilized in
fabricating, boring, several designing exercises in biological
fields [7] . Mukhopadhyay et al. [8] presented effects of the
gaseous exchange within the sight of a substance response on
the stream of the several liquids. Pramanik [9] investigated the
effect of thermal radiation over exponentially stretching sheet.
Mahanta et al. [10] investigated the boundary layer flow of
the fluid having electrical field over exponentially stretching
sheet. Khalid et al. [11] investigated the numerical solution of
different solution of nano fluid and compared the isothermal
solution graphically.While, casson fluid of several
convection streaming over a vertical surface in a permeable
medium was anlysed [12]. Nadeem et al. [13] investigated the
MHD three dimensional using convective boundary condition
to find out the casson nano fluid. Shaw et al.[14] illustrated
the effect of heat and mass transfer on the unsteady MHD
casson fluid which chemically reactive in a porous platform
upon a stretching sheet. Zhu et al. [15] analyzed heat transfer
with the help of radiation and MHD flow. Sanjaya and khan
[16] carried out the boundary layer fluid flow and effect of
various parameters in the effect of thermal radiation and
magnetic field on the flow of casson fluid stretching surface.
Choi [17] was the first scientist who had reported the
enhancement of thermal capabilities of nanofluids. Khalid et
al. [18] investigated the impact of the hotness supply on
consistent stream and hotness communicate over a
dramatically growing chamber over its spiral way. Anwar et
al.[19] studied simultaneous impact of not only heat and but
also mass transfer of various types of nano fluids in a non-
liner stretching sheet. Imtiaz et al. [20] examined several
transformation for numerical solutions. Oyelakin et al. [21]
checked out the blended stream that made by an extending
chamber . Afify [22] examined several mathematical solutions
for nanofluid as well as the effects of several parameters on
the casson nanofluid . Ibrahim et al. [23] mathematically
inspected the impacts of a compound receptive stream and a
gooey scattering on CNF and hotness transmission across an
growing region. Shah et al. [24] investigated different fluids
that are used in human body that blended convective
streaming in with the synthetically responsive conjugate
sources. Several neoteric explores connected with an
investigation of [25-28].

Different investigations are connected with the assessment of
the impacts of smooth movements over the assorted surfaces
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in Newtonian and non-Newtonian sorts. Now a days, various
investigations have been performed to investigate various
sorts of stream and warm effects of nanofluid stream over
different types of surfaces. Ferdows et al.[29] investigated the
numerical method of boundary layer flow of different types of
nano fluid with viscous dissipation. Khan and pop [30]
investigated the numeric solution of the nano fluid that
stretching over a flat surface. MHD or hydrodynamic has
different properties leading truth. The collaboration among
liquids and fero attractive particles electromagnetic field.
Accordingly the electromagnetic elements, Maxwell condition
were consolidated through the liquid condition [31-33]. The
irreversible interaction through which the work done by a
liquid on adjoining layers because of the activity of powers
was changed into heat which was characterized as scattering.
The coherence and nuclear power balance on a differential
component fixed in an unadulterated streaming liquid the
Reedy artle on the impact of dispersal and MHD over the
stream [34]. Salem article on the impact of variable
consistency dissemination and substance response on hotness
and mass change stream of MHD.thermopedesis is the caused
movement of fluids of atoms. This is became overhaul
temperature slope. The operant Of consistent temperature
angle liquid progression of the slope movement. As of late
numerous analyst included Thermo parsing and Brownian
movement [35-39]. Mohanta article found the irreversible
examination of 3D case with nonlinear warm radiation.

Convective limit condition generally utilized because of
numerous significant application, for example, strong
networks miniature change of cooling, molecule chomps and
so forth convective limit condition is the consistently
connected with the hotness. Eid et al. [41] assessed several
effects of sources (sink) that are not stable in the formation
of a nanofluid in a permeable state. Eid et al. [42] tended to
the consistent several fluid stream and hotness transport past a
non-straightly growing plate with the hotness age (ingestion)
in a permeable state and that checked the effect of the
attractive boundary on the two-stage nanofluid through a
penetrable extending plate. More related works according to
these components [43-45].

PROBLEM STRUCTURE

Consider MHD CNF flow in the area y >0 as a 2D

viscous flow over an exponentially extensible surface. Under
the influence of viscous dissipation, thermal expansion and
heat source,the fluid remains stable compressible.The
extensible sheet is designed to have a power law global

velocity profile. u (x)=ax"where a and n are positive

constant. The magnetic field’s activity is subjected to variable
n-1

strength B(x) :BoxT. Although there is no electric field,
the resulting magnetic field was ignored by Reynold’s weak
magnetic number. T,(x)=T, + Ax" and

C,(x)=C, +Ax" the

concentration of the surface where 4 > 0 is the fixed value,

denotes temperature  and
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T, denotes free stream temperature and C is the ambient
nano particle concentration.
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Fig. 1. Schematic representation

MATHEMATICAL FORMULATION

Consider MHD CNF stream over a dramatically extendable,
hence the governing equations obtained as follows;
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where u and v are the velocity over the x and y axis

M\ 27
P

y
is the conductivity , « is the thermal diffusivity. D, and D,

respectively. = is Casson fluid parameter, o

are both the coefficients of several diffusion, Qis the

coefficient of the heat sources, C,, is the specific heat, and

P

PC;

T= indicates the nanoparticle material’. The boundary
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conditions are as follows

u=u, (x)=ax",v=v,,T=T,(x)=T,+Ax", D, (GC]D [aTj)eO

oy )T, \ oy ()
u—>0T—->T,C—>C, ,asy—>»®
Now the above equations converted to
1 n-1
“=axm7g(77)'vz‘“x2\ﬁ n+1 n)+ " ng'(n) ,n:\/gxzy
X 2 v (6)
0(n)=~—= ¢ (n)=
T -T, CW —Cm
After applying the similarity transformation the governing equations reduced to the following forms.
1 m 1 n _1 n 1
(1+E)g —ng"+—=gg"~Mg'+ G,0(1)+G.4(n) =0 (7)
1 ., n-1
—0"+—=g0'-ng'0+ A0+ NbO'¢'+ Nt0* +(1+—)Ecg =0 (8)
pr 2 B
5 n +1S - + -0 9)
The related conditions are
g(0)=g,.g'(0)=16'(0)=—Bi(1-0(0)), Nbg'(0) + Nt6'(0) = 0,at =0 10)
g'(0) > 0,60(©) > 0,4(0) >0 as n—> o
P_is the prandtl number, , Ec is Eckert number, Sc is the nearby Sherwood numbers, are known as follows:
Schmidt number, £, is the suction parameter, Biot number is Ou
. . 7T, = 4, A+ —)
represented as Bi. G, ,G, is the Grasshoof Numbers Nt =z ys; [53,] i
and Nb. a7
Both are used for thermoporesis. q, =—k [ j (12) (12
oy
2 T -T
przl,,SchIZMZGBO,G,.ZgﬂT(zw;_l w), oc
a D, ap a’x" q, = —D,
oy
G :gﬂc C_Cao) ﬂ/: QO
¢ axtt u_pe Substituting Egs. (7) and (14) into Eq. (13), we obtain
w. p
B 2 11 1
Nb _ (pC)p DB (Cw COO) ’Ec _ uw ( ) (11) Re%é ng — (1+_)g I(O)
(pe), v (1,-T,)C, . B
' 2 —_p" 13 :
o ), 0, PR Rex}/ Nu, ==60) w3 a
B T U Re 2 Sh =—¢'(0
(pc)fT \J (n+1)a" v (? )2 x x ¢'(0)

The measures of functional consideration incorporate the drag

. u x
power coefficient (C, ), neighborhood Nusselt Nu  and Wherever Re = —"— the local Reynolds number
\
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Numerical analysis of the model

By considering the explicit finite difference method the
governing equations are obtained.

i
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Hence this is the expression of finite difference method of the
governing Equations. Where M is the magnetic parameter.
E_ Is the Eckert number, P, is the prandtl number. The

boundary Conditions are as follows;
UG, j)=1V(i,j)=0,0'G j) = Bil-6(0)),
g, )=Lo(,j)=1at y=0,

U(i,j) > L6, j)—>0,g( j) > 0,03 j) >1as
y —>

Stability and convergence criteria of the model

The Stability and convergence obtained by using finite
difference form. « Is the non-Newtonian Casson factor and
[ is the Casson fluid parameter. The Fourier expansion of
iaxeiﬂy

U,0 and g separated by e with a constant, Where
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Where 4, , 4, , 4, is

4=

-4,

Hence the stability condition differs the primary condition-
U=V=T=C=0

An =0.007,Ax = 0.9,

Ay =0.39,E, >20.225,

P >0.467,N, > 0.556

RESULT AND DISCUSSION

To obtain a physical knowledge of the problem, equ (2)-(4)
and boundary conditions (5) are converted ODE’s to PDE’s
as equ.(7)-(9) with boundary conditions (10).Further, to
obtained the interpretation of the problem, consider the
implications of various physical parameter values the

magnetic A, thermometric diffusion (Nt), Eckert
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number (E.), heat source (sink) parameter, Casson /[ 0.6
Brownian diffusion Nb, the Prandtl number (P.), 04"
r - $=0.1,02,03,0.4
temperature @(77) , the volume fraction, ¢(77) drag force( ozl
1 1 S
Re ? C}), local Nusselt(Re, ? Nu,) and local Sherwood Y
1 -0.2
Re_ 2 Sh. these are numerically and showed through.
Introduce the stability and convergence criteria model.Further, '°-40 1 N 3 4 5 6
governing equations are solved by finite difference n
method.The fixed values of the various parameters are as
follows 3 (a)
L =05M =3.0,Pr=0.7,K =1.0, Ec =0.5, 1
Nb=0.6, Nt =05,1=3,5¢=0.5 ' 08"
06"
S
o8 T4l M=3.0,5.0,7.09.0
0.6 02
§04 1 0 I n
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Fig.4 (a) Temperature for M. (b) Concentration for M.
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Fig.5 (a) Temperature for Pr. (b) Concentration for Ec.
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Fig.6 (a) Temperature for Nb (b) Concentration for Nb.
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Fig 2(a),Fig.2 (b) and the effect of Casson Parameter( /) on

temperature @(77) is shown to decrease as the casson

parameter [ increase , so that the decreasing character of the
temperature boundary layer thickness as [ increases is
observed.In Fig 2(b) Cassonfluid parameter [ affects
velocity and concentration profiles. The effects of Casson
parameter [3on velocity profiles (f' (77)) for permeable
sheets are shown in Fig. 2b . Velocity is shown to decrease as
the Casson parameter [ increases. In Fig 3(a), It is apparent
that the snowballing of £ values improves the concentration
distribution. It is also observed that when the [ increases,
@(n) decreases.

In Fig 3(b) as the magnetic M parameter increases

Physically, the impact of the magnetic value M increases as
the Lorentz forces get stronger along the direction
perpendicular to the x-axis, providing more resistance in the
fluid flows and reducing the velocity profile. It is observed
that the flow velocity of nanofluid decreases with the

increasing f'(n) and M estimations. in Fig 4(a) prepares

to detect the effect of the magnetic field on temperature

distribution It is demonstrated that as magnetic M increases,
the temperature of the fluid rises dramatically. In Fig 4( b)

demonstrates the effect of M on ¢(77). It is noticed that
@(n7) decreases as the value increases, but it increases as the

value of M increases. In Fig 5.(a) the effect of P, on

temperature @(77) is shown to decrease as the P increase ,
so that the decreasing character of the temperature boundary
layer thickness as Pr increases is observed. In Fig 5 (b)

prepared to observe the effect of the Eckert number ( £, ) on
temperature distribution €(77) . It is demonstrated that as the

Eckert number ( £ ) grows, the temperature of the fluid rises

dramatically. Physically, the viscosity of a fluid in a viscous
flow absorbs kinetic energy from the fluid's motion and
converts it into internal energy, which heats the fluid. This
operation, known as viscous dissipation, is partially
irreversible.

In Fig 6(a) demonstrates the effect of the Brownian Nb
parameter on @(r7) It is discovered that is &(77) decreases

with Nb while increases with the parameter.In Fig 6(b), It is
worth noting that an increase in Nb enhances the the
concentration profile due to suction. In Fig 7(a) consists of
the influence of the thermophoresis parameter Nf on the
temperature distribution €(77) . The temperature outline with
the thickness of the thermal layer is observed to increase with

the snowballing values of Nf¢. Physically, in the
thermophoretic effect, nanoparticles move from the heated
stretch board to the cool fluid in the environment due to
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temperature pattern control. In Fig.7 (b) &(77) variation

with varying amounts of heat source (Sink) A in a constant
worth situation of other parameters is elaborated. It can be
seen that the heat source raises the temperature and hence the
thickness of the thermal-layer. This is because the heat source

(Sink ) adds extra heat to the surface, which increases the
amount of heat produced in the boundary layer and leads to a
higher temperature area.In Fig.8 (a) and Fig.8(b) demonstrates

the effect of A on 6(77) It is observed that £(77) decreases
as the value of increases /3, but it increases when the value of
A increases. Skin friction is improving as the growing of 5,
E_,Nb, A value decreases when M , P, Ntincreased.Heat
transfer is enhanced with the constant of M , P.,E_,Nb,

Nt , A values are constant when B decreases.Mass transfer is

boosted when /3 is increased while values of M P E_,

Nb , Nt are decreases.Table.1 is represent the results of skin

friction, heat transfer and mass transfer  for various
parameters.
Table 1 Skin friction,heat and mass transfer
Parameter | values |Skin friction | Heat transfer Mass
transfer
,3 0.1 7.824171 2.750000 25.210248
0.2 5.942993 1.500000 | 12.305267
0.4 4.371352 0.750000 | -5.408777
3.0 4.371352 0.750000 -5.408777
AL 5.0 5.015783 0.750000 | -6.336210
7.0 5.581493 0.750000 -7.202313
9.0 6.091920 0.750000 | -8.026566
0.5 4.357017 0.750000 | -4.815631
Pr 0.7 4.371352 0.750000 -5.408777
0.9 4.374208 0.750000 | -5.946244
1.1 4.372439 0.750000 | -6.450418
0.5 4.445181 0.750000 -4.308661
Ec 1.0 4.267588 0.750000 -6.941015
15 4.111087 0.750000 | -9.219842
2.0 3.972152 0.750000 | -11.209436
0.5 4.371352 0.750000 -5.408777
Nb 1.0 4.332302 0.750000 | -6.602221
15 4.304807 0.750000 | -7.414328
2.0 4.284137 0.750000 -7.967239
0.1 4.186525 0.750000 | -10.895543
Nt 0.3 4.340998 0.750000 | -6.411361
0.5 4.371352 0.750000 -5.408777
A 0.7 4.380191 0.750000 -4,996318
0.5 4.371352 0.750000 -5.408777
1.0 4.277513 0.750000 -6.248607
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CONCLUSION

The effect of a electrically conducting fluid on an Newtonian
casson fluid containing nano particles passing through a
wedge through boundary layers was effectively explored. The
above equations are converted into ordinary differential
equation(ODE) using RK method .Large value of g for flow
across the vertical plates and also horizontal plate improve the
velocity profile For the both flows the temperature
distribution and nano particle concentration decrease.On the
other hand it has been seen that the impact of Brownian
motion and thermophoresis on the heat transfer is extremely
comparable. Including both Newtonian and Non Newtonian
fluid the viscosity of fluid increases due to magnetic field.

« Skin friction is improving as the growing of 8 , E_,

Nb , A value decreases when M , P, Nt increased.

< Heat transfer is enhanced with the constantof M , P.,

E_,Nb,Nt, A values B
decreases.

are constant when

< Mass transfer is boosted when [ is increased while
valuesof M , P ,E., Nb, Nt are decreases.
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