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numerical differential equation solver Wolfram Language function NDSolve. The
distributions under heat source are affected by chemical processes and other variables
are explored. While liquid velocity reduced due to inclination and the Casson factor, mass
and energy transit rates rose. The findings are represented graphically and are consistent

Keywords: with past research. The findings would provide valuable insights into the flow patterns,
Casson nanofluid; thermal radiation; temperature distribution, and concentration profiles within the system. This information
heat source; chemical reaction; can be crucial for designing and optimizing heat transfer systems, energy-efficient
NDSolve processes, and catalytic reactors involving Casson nanofluids and porous media.

1. Introduction

Nanofluids are a category-specific of heat transfer fluids that can be made by dispersing
nanoparticles with lengths on average between 1 and 100 nm in conventional heat transfer fluids
and then ensuring that the nanoparticles stay floating in the fluid. Over the past few years, scientists
and engineers have discovered that even a tiny number of guest nanoparticles can significantly
enhance the thermal properties of the underlying liquids.

The thermal conductivity of some nanofluids is strongly temperature and size dependent. There
is a nonlinear connection between thermal conductivity, concentration and the critical heat flux at
small particle concentrations of the order of 10 ppm. There are many examples of the exceptional
thermal qualities of nanofluids. Due to the unique thermal transport processes, which go beyond the
fundamental restrictions of the currently available macroscopic prototypes of suspensions and hence
nanofluids are of enormous scientific interest. Nanofluids technology may enable the development
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of nanotechnology based coolants for a variety of innovations in the field of technology and medicine.
Consequently, the study of nanofluids has become an area of scientific interest. Choi [1] was the one
who initially defined nanofluids. Rusdi et al., [2] studied the nanofluid penetrable flow over an
exponentially shrinking sheet with thermal radiation and partial slip. The hydrodynamic and thermal
behavior of a microchannel was studied by Krishna and Kumar [3] on a rectangular microchannel heat
sink was done by using water, Al,Os-water, and TiO,-water nanofluids as working fluids. The
combined effects of viscous dissipation and Joule heating on the momentum and thermal transport
for the magnetohydrodynamic flow past an inclined plate in both aiding and opposing buoyancy
situations have been carried outby Das et al., [4]. The study by Koriko et al., [5] presents the
significance of partial slip (i.e., combination of linear stretching and velocity gradient) and buoyancy
on the boundary layer flow of blood-gold Carreau nanofluid over an upper horizontal surface of a
paraboloid of revolution. The three nanoparticles examined by Abbas et al., [6] were TiO,, Cu, and
Al,Os. Using water as a base and the application of differential equations, they quantitatively defined
the physical state of a micropolar fluid in the presence of both weak and strong concentration. The
impacts of chemical reactions as well as heat generation and absorption based on the Buongiorno
model were taken into account by Rafique et al.,, [7]. Animasaun [8] conducted research on the
interactions between thermophoresis, Dufour, temperature-dependent thermal conductivity, and
viscosity of an electrically conducting Casson fluid flowing down a vertical porous plate in the
presence of viscous dissipation, order chemical reaction and suction. The MHD flow of Casson fluid
across an exponentially stretched sheet in the midst of heat radiation has been investigated by
Saidulu and Lakshmi [9].

The motion of non-Newtonian fluids is frequently employed as it has various uses. There exists a
nonlinear correlation between the shear stress and the rate of shear strain when the fluid is not
Newtonian. At low shear stresses, non-Newtonian fluids exhibit elastic solid behaviour that inhibits
flow. Fluids that do not follow the Newtonian model include, but are not limited to, power-law fluids,
micropolar fluids, viscoelastic fluids, Jeffrey fluids, Rivlin-Ericksen fluids, Casson fluids, Walter's liquid
B fluids and other types of fluids. Despite the fact that a wide range of non-Newtonian fluid models
have been presented to attempt to describe the behaviour of the Casson fluid but it is still considered
to be one of the most significant types of non-Newtonian fluid. Synovial fluids, food processing,
metallurgy, paints, coal in water, synthetic lubricants, pharmaceutical product manufacture, sewage
sludge and many more substances are just some of the applications that can benefit from the usage
of Casson fluid models to simulate the fluids involved in these processes. Aqueous basic plasma,
which makes up the majority of human blood, is often referred to as Casson fluid since it contains
numerous components such protein, fibrinogen and globin. Chain-like structures called aggregates
or rouleaux are formed by human red blood cells. Reddy et al., [10] conducted a numerical study of
the Williamson nanofluid MHD boundary layer flow along a stretching surface with porous material
while taking velocity and thermal slippage into consideration. Mukhopadhyay et al., [11] used the
model of Casson fluid to examine how a non-Newtonian fluid behaved in an unstable two-
dimensional flow on a stretching surface with a particular surface temperature. The primary objective
of Nino et al., [12] was to numerically determine and experimentally compare the diameters of
bubbles at various axial positions of a bioreactor being churned by a Rushton turbine. The effects of
viscosity on modelling bubble dispersion in a Newtonian fluid (water) and their comparison to a non-
Newtonian fluid (0.4% CMC) were particularly highlighted. Li et al., [13] presented the applications
of non-uniform heat source/sink and viscous dissipation in magnetohydrodynaimcs (MHD) flow of
Casson nanoparticles toward a porous stretchable sheet. Hady et al., [14] investigated the traits of
flow as well as heat transfer of a viscoelastic nanofluid across a nonlinearly stretched sheet in the
existence of thermal radiation, which is a factor in the energy equation, and variable wall
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temperature. In a situation where thermal conductivity is temperature-dependent and exists in a
magnetic field which is inclined, Lahmar et al.,, [15] explored the heat transfer of an unstable
nanofluid squeezed between two parallel plates. Srinivas et al., [16] reviewed the hydromagnetic
pulsing flow of Casson fluid in a porous channel to ascertain the temperature and chemical responses
effects, and temperature-diffusion. The primary goal of Ahmadi et al., [17] was to create a stable
mathematical model for dusty hybrid nanofluid flow and heat transfer across a stretched sheet.

NDSolve is a robust feature of Mathematica for numerically resolving differential equations. A
multitude of differential equations, including both ordinary and partial differential equations, can be
solved quickly and effectively using this integrated function. The numerical methods that NDSolve
chooses for seem to fit the issue structure the best automatically. The peristaltic movement of boron
nitride-ethylene glycol nanofluid technology across a symmetric channel in the presence of magnetic
field was thoroughly computationally analysed by Abbasi et al, [18]. The energy equation
incorporates thermophoresis, Brownian motion, Hall and Ohmic heating effects. NDSolve in
Mathematica is applied to numerically solve the ensuing set of non-linear equations. The influences
of temperature-dependent viscosity and various levels of thermal conductivity on the motion of
nanoliquid in a rotating apparatus where the fluid between pairs of plates is collected were examined
by Ullah et al., [19]. Additionally, this investigation examines the characteristics of the modified
Arrhenius energy function involving chemical reaction and the incorporation of the exponential heat
source to the energy expression. Boundary layer calculations have been performed using the NDSolve
technique.In their study, Anuradha and Yegammai [20] looked at the steady two-dimensional
radiative MHD boundary-layer flow of a viscous, incompressible, electricity-conducting nanofluid
over a vertical plate. They took into account the activation energy, viscous and ohmic dissipations,
internal heat generation/absorption, and viscous and ohmic dissipations. NDsolve was used for
solving of equations.

Fluid heat transport is greatly aided by its thermophysical characteristics, which may vary. The
thermal conductivity and viscosity, both of which are extensively susceptible to temperature change,
have an important influence on the way heat is transferred. Understanding the impact of elements
such as non-linear thermal radiation, non-uniform heat sources, and the MHD flow of Williamson
nanofluid across an inclined stretched sheet is essential for engineering purposes. MHD involves the
study of the behavior of electrically conducting fluids in the presence of magnetic fields. It finds
applications in various engineering fields, such as aerospace, nuclear engineering, and metallurgy.
The interaction between magnetic fields and fluid flow can significantly affect the flow
characteristics, heat transfer rates, and energy efficiency of systems. The transformation of some of
the energy carried by an electric current as it passes through a resistance into heat is referred to as
the joule heating process. When an electrical current flows through solid or liquid materials that
transfer electricity, resistances can exist inside conductors. These resistances cause electrical energy
to be converted into heat energy. The reason for this is because electrical energy can be translated
into heat energy. In order to do a simulation of the consequences of MHD, a non-uniform heat
source/sink, and nonlinear thermal radiation on Williamson nanofluid across an inclined stretched
sheet, Srinivasulu and Bandari [21] employs the RK approach with a shooting strategy. The effect of
electromagnetic force with the effect of thermal radiation on the Williamson nanofluid on a
stretching surface through a porous medium was studied by Bouslimi et al., [22] considering the
effect of both heat generation/absorption and Joule heating. Many researchers have studied
Nanofluids and its various properties [23,24].

Due to their widespread use in manufacturing, coating, polymer processing, engineering,
aerodynamics, and other fields, non-Newtonian fluids have gained prominence during the past
several years. Some materials that exhibit this behaviour include mud, blood, paint, and polymer
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solutions. No one model can adequately capture all of the physical features of non-Newtonian fluids
due to their complexity. One example of a non-Newtonian fluid with elastic solid-like properties is
Casson fluid. Rafique et al., [25] discussed the behaviour of micropolar nanofluid using Kelle-box
method. Khan et al., [26] analyses the magnetohydrodynamic flow of a double stratified micropolar
fluid across a vertical stretching/ shrinking sheet in the presence of suction, chemical reaction and
heat source effects. The Casson fluid model is a non-Newtonian fluid model used to describe certain
types of complex fluids that exhibit yield stress behavior. The model incorporates both a viscous
component as well as a yield stress component to describe the flow behavior of such fluids. One
feature of the Casson fluid model is the inclusion of a yield stress term, which is the minimum stress
required to initiate flow. Below this yield stress value, the fluid does not flow and behaves like a solid.
When the applied stress exceeds the yield stress, the fluid starts flowing with a finite viscosity. The
Casson fluid model is commonly used to describe the flow behavior of various complex fluids, such
as certain types of suspensions, emulsions, and biological fluids. Its application is often seen in the
food industry, pharmaceuticals, and biomedical research. Many researchers have studied Nano fluids
and its various properties [27-31].

The fundamental fluid dynamics problem of fluid flow across an inclined stretched sheet has
many applications in many different fields. In this case, the flow of a fluid (liquid or gas) through a
solid surface that is bent at an angle and stretched or contracted in a particular direction is being
studied. Fluid flow across an inclined stretching sheet is used for a variety of processes, including as
thin film deposition, wire drawing, coating, and plastic extrusion. The use of inclined geometry in
Casson fluid flow is motivated by various practical and scientific considerations. Some of the key
motivations include understanding Casson fluid flow in inclined geometries is crucial for designing
and optimizing processes in industries such as chemical engineering, petroleum engineering,
geophysics, and biomedical engineering. Inclined geometries are prevalent in geophysical
phenomena such as sediment transport in rivers, avalanches on inclined slopes, and flow in glaciers.

Some novel aspects have been considered. In this study, a porous nonlinear inclined plate is used
to analyse the Casson nanofluid, which incorporates heat generation, thermal radiation and chemical
interaction. The investigation is about how chemical reactions and other factors impact the
distributions. When similarity transformations are applied to partial differential equations, the
resulting equations are transformed into ordinary differential equations, which NDSolve is then able
to solve. NDSolve uses a variety of numerical methods to solve ODEs and PDEs. The specific method
used depends on the type of problem and the accuracy requirements. The graphical depiction
includes several physical factors that have practical importance, including as energy exchange,
velocity, skin friction, and concentration species. The results got are compared with results got
earlier.

2. Mathematical Formulation

Casson nanofluid on an inclined, porous, nonlinear expanding plate with an angle Q is taken into
account. Here ‘X’ is the coordinate elevated along the stretching surface with ‘a’ fixed value
presuming and U,,(X)=ax™ and u,, (x)=0respectively, stand for the stretching and free stream

speeds, respectively. Brownian motion's characteristics are taken into consideration. Discussions also
touch on temperature source, chemical responses, suction, and injection. In linear radiative heat
transfer, the heat flux is directly proportional to the temperature gradient, and the relationship can
be described by a linear equation. This implies that the heat transfer rate remains proportional to
the temperature difference between the hot and cold regions. Linear radiative heat transfer is
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applicable when temperature differences are small, and the medium through which the heat is
transferred behaves in a linear manner.

The rheological equation of state for an isotropic and incompressible flow of Casson fluid is

2,uB+L e ., T>T
Vor ) ‘
T, =
J 2 +L e . T.>T
Hp \/H ij? c

where 4, is the plastic dynamic viscosity of the non-Newtonian fluid, P, is the yield stress of the

. \th
fluid, 77 is the product of the component of deformation rate with itself, 7 =€;;€;;, & is the (I,J)t

component of the deformation rate and 7 is the critical value of this product based on the non-

Newtonian model.

Figure 1 depicts the physical prototype and the coordinate system. Following are the boundary
layer equations given the above mentioned restrictions [7].

Concentration boundary layer

Thermal boundary layer

Momennim boundary layer

lz

yv
Fig. 1. Physical geometry and coordinate system

The flow equations are as follows

a—U+Q:O, (1)
ox oy

u%w%:v(ﬂ%}%ﬂ;[ﬂﬂ -T,)+ B, (C-C,)lcosQ— LGprzoJu, (2)

u£+vg=ozﬂ D xa, D—( j + (T—Too)—L aq,' (3)
ox oy oy oy oy T.\oy) | (pC), (PC), o

u@+v@:DB 82C+D—ﬂ—K "(C-C,) (4)

OX oy oy> T, oy’
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Velocity components in X, Yy directions are U,V respectively, g is the gravity related acceleration,
B, is the uniform magnetic field strength , o is the electrical conductivity, f,is factor of Thermal
extension, f, represents factor of concentration enlargement, (, is radiative heat flux, D, is

Brownian diffusion factor and D; is thermophoresis diffusion factor, Q, is the absorption or heat
(PC),
(pC
nanofluid to the base fluid, (,OC)p is the heat capacity of nanoparticles, (pC)

generation coefficient, x"is the chemical reaction 7= is fraction of heat capability of
p

. is the heat capacity

of the liquid, o = is the thermal diffusivity, K" is the dimensional chemical reaction.

_k_

(pC),
The subjected boundary conditions are

u=u,(x)=ax",v=V,,T=T,C=C, at y=0,

u—>0v—->0T->T ,C—>C_ asy—>wo. (5)

Following Rosseland approximation, the radiative heat flux is

q - Ao
r Sk*ay

where Stefan Boltzman constant is o and k* is the mean absorption coefficient. Additionally, we
presume that the flow's internal temperature differential is adequately large so that T* is

represented as a linear function of temperature. As a result, by expanding T*in Taylor series about
T, If we ignore terms of higher order, we get

T* =47 °T -31.°
Here the nonlinear ordinary differential equations obtained by using stream function y = l//(X, y)

u:a_w’vz_a_w (6)

where Eq. (1) is fulfilled identically. The similarity transformations are

2vax™! (m+1)ax" T-T C-C
_ f —y I ()= - o 7
V= )=y, 0(n) === 4(n)= = (7)

On substitution of Eqg. (7) in Eq. (2) to Eq. (4) reduces to the following nonlinear ordinary
differential equations

142 f”'+f’f—(z—mjf’2+L(GrX0+GcX¢)cosQ—£2—Mjf’=0, (8)
p m+1 m+1 m+1
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Pi(1+ ?jeu f0'+Q0+Nbg'd' + Ntd'* =0, (9)
r
¢"+Le Prfg +Nt,@"—Le"PrC ¢=0. (10)

B? v 1%
where M :(G oj is magnetic parameter, Le = — is the Lewis number, Pr=— is the Prandtl

ap D a
D.(C, -C D (T, -T
number, Nb:LWw) is the Brownian motion parameter, Ntzy is the
v Vi,
T _T X—2m+1 N
thermophoresis parameter, erzgﬂt( y 2°°) , Nt =—1, Q:& is the heat
a N, a(pC),
C _C X—2m+l *
generation/absorption parameter, Gc, = g'BC( - > °°) , C, :K— is the chemical reaction
a a
T3 u, (x)x
parameter, RzlGO-—Tw is radiation parameter, Re, = W( ) is the local Reynolds number

3kk” v
(11)

Here Gr, signifies the local Local Grashof number, Gc, denotes the local modified Local Grashof

number, in order to eliminate X from local Local Grashof number and local modified Local Grashof
number , the coefficient of thermal expansion S, and coefficient of concentration expansion S, are

proportional to X' .We assume that [25,26]

B =nx’"1, B =n x>t (12)

gn(T,-T,)

C
> ,GC=—"—"""=2 gre the
a

As n, n, have fixed values, and so Gr,, Gc, are Gr =

local Grashof and local modified Local Grashof number.

The boundary settings undergo modifications to

f(n)=S,1'(n)=16(n)=L¢(n)=1 at =0,
f'(7)—>0,6(n)—>0,4(n) >0 as n—>0. (13)

Where S = is the suction/injection parameter.

The skin friction, Sherwood number, and Nusselt number for the current study are

X9 Xq
Nu, = ¥ Sh = T Ci=—-+4
s k(T -T ) 14

w 0
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* 3
where z'w=,u(1+lj8—u, qwz—(k+%]£, q:—DB§ at y=0
B)oy 3k ) oy oy

u, (X)x
Re, = W( ) is the local Reynolds number
1%

. (102 ) roy2 S 2
..cfx(o)_(uﬁJf (0)=—-\="7Re..

—[1+?j0’(o)=L,

M Rex
2
, sh,
—¢ (o) = —1
m; Rex
2

3. Results and Discussion

The numerical outcomes of the converted nonlinear ordinary differential Eq. (8) to Eq. (10) along
with Eq. (13) are deduced by NDSolve in Mathematica. Tables and figures are arranged for the
guantities and parameters of our concern Nb (Brownian motion parameter), Nt (thermophoresis
parameter), C, (Chemical reaction constraint), M (magnetic factor), Gr (local Local Grashof

number), Q (heat generation or absorption bound), Gc (local modified Local Grashof number), QQ

(inclination parameter), £ (Casson fluid parameter), Pr(Prandtl number), Le( Lewis number ),S

(suction or injection parameter ), R (Radiation parameter). Some of the figures are generated by
varying the value of a parameter within a predetermined range, while others, are always maintained
at the same value such as

£=10,m=05Gr=R=M=Q=S=Nb=Nt=0.1,Gc=0.9, Pr=6.5Le=5.0,C, =0.5,
Q=rl4.

Table 1 presents the results of reduced Nusselt number —@'(0) and reduced Sherwod number
—¢'(0) compared with  existing outcomes of Khan and Pop [32] with

M=S=R=Gr=Gc=C, =Q=0,Pr=_Le=10,m=1 and Q=90° when 3 — .

Table 1
Contrast of the reduced Nusselt number —@'(0) and reduced Sherwod number —¢'(O) with

M=S=R=Gr=Gc=C, =Q=0,Pr=_Le=10,m=1 and Q=90° when # >

Nb Nt Khanand Pop [32] Rafique et al., [7] Current outcomes
-0'(0) -¢'(0)  -0'(0) -¢'(0) -00)  -¢'(0)
0.1 0.1 0.9524 2.1294 0.9524 2.1294 0.952380 2.129406
0.2 0.2 0.3654 2.5152 0.3654 2.5152 0.365359 2.515236
0.3 0.3 0.1355 2.6088 0.1355 2.6088 0.135514 2.608832
0.4 0.4 0.0495 2.6038 0.0495 2.6038 0.049465 2.603858
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In the investigation of fluid's properties, velocity distributions are crucial. The magnetic field has
a considerable impact on the movement of fluids. The velocity outline plunges as the magnetic field
limitation M is on the rise, as shown in Figure 2. The Lorentz force, which is produced by a magnetic
field and slows down a liquid's velocity, provides the basis for this theory. Additionally, Jafar’s et al.,

[33] velocity profile analysis yielded comparable results.

1 T T T T
0gld —M=0.0 I
BN | M=0.3
‘}“}\ .......... M — 05
= 0.6 "’}’}\
DN
= 0.4 - RN i
0.2F E i
1“’~”"nn"h
O r r r A
0 1 2 3 4 5

Fig. 2. Effect of M on velocity profile

Figure 3 displays the slowed velocity profile for large quantity of the non-linear stretching
parameter m. When m gets higher, the material properties of the framework induce the thickness

of the momentum boundary layer to shrink.

1 1 T T T
m=0.1
0.8 LN m=057
')‘ .......... m = 10
__06r ‘z\&\
T 04 -
0.2r -
O r r r r C
0 1 2 3 4 5

n
Fig. 3. Effect of m on velocity profile

The consequence of the inclination parameter Q on the velocity outline is clarified and shown in
Figure 4. Looking at figure demonstrates that the velocity contour decreases as the values of Q
increase. The circumstances also suggest that the gravitational force acting on flow will be at its
strongest when Q=0°. This is because the sheet will be vertical at this moment. But if Q=90°, the
sheet will be horizontal, because of which there will be decline in the velocity profile due to the
decreased strength of the bouncing forces.
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Fig. 4. Effect of Q2 on velocity profile

The influence of S the Casson constraint on velocity factor is depicted in Figure 5. It is detected
that for various values of S velocity profile diminishes. The cause overdue this behaviour is that by
enhancing the values of £ the fluid viscosity enhances, i.e., sliding down the yield stress. Which leads

to a reduction in momentum boundary layer thickness. Therefore, the momentum boundary layer
thickness reduces.

1 L L | |
‘ — IB = 0 5
G\ t
I N p=20
AN
N | p=20
N\
= 06+~ B
= )
= XN
Y 04 "‘:‘\ A t
00.00\\
..’u\\\
02 I ""::.\\. t
....... ::.s_~
O | r T T...r.a-r;.n'n-n
0 1 ’ ’ 4 5
n

Fig. 5. Effect of £ on velocity profile

The effects of suction parameter S on the velocity profile are shown in Figure 6. As S parameter
increases, the velocity trend appears to be dropping, indicating the common fact that suction
maintains the boundary layer's growth and consequently reduces the formation of the highest points
in the velocity outline.

193



Journal of Advanced Research in Fluid Mechanics and Thermal Sciences
Volume 108, Issue 1 (2023) 184-202

1 T T T T
—3S=00
k)
R N e S=05"
N
“:\\ ........... S - 10

06 [ ““\
tw) "\
< N
—" “‘\\
. 0.4r "x'\\\ N

AN
N
RN
" oSN
0'2 [ e ? :\\s ’
""'-~.:.~~
O r r ..:':'====Hnn
0 1 2 3 4 5
n

Fig. 6. Effect of S on velocity profile

Figure 7 illustrates the impact thermal local Grashof number Gr has on the velocity. When is Gr
raised, the velocity also improves. This is because buoyancy, which affects particles of fluid as a result
of gravitational force, and in turn boosts the fluid's velocity.

1 T 3 3 3
0.8~ -
__06-
<
~—
T 04F -
0.2 ]
0.70.750.8
0- r r r r
0 1 2 3 4 3)

Fig. 7. Effect of Gr on velocity profile

Expanding the solutal buoyancy factor Gc, which is apparent in Figure 8, improves the velocity
profile. The buoyancy parameter, in a physical sense, lowers the viscous forces that trigger the
velocity to go up.

The main difference between the local Grashof number and the modified local Grashof number
lies in their definitions. The local Grashof number considers the ratio of buoyancy forces to viscous
forces alone and is typically used in natural convection problems, where buoyancy is the dominant
driving force. On the other hand, the modified Local Grashof number includes an additional
characteristic velocity scale, making it suitable for situations where buoyancy forces are not the sole
driving force, and external forces play a significant role in the fluid flow. It's important to note that
the choice between the local Grashof number and the modified local Grashof number depends on
the specific problem at hand and the dominant driving forces in the flow. Each parameter has its
significance and applications in different scenarios, and both can provide valuable insights into fluid
flow and heat transfer phenomena.
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Fig. 8. Effect of GC on velocity profile

Figure 9 demonstrates that when the radiation parameter R expands, so does the temperature.
Increases in surface heat flow caused by increasing radiation input led to a steeper raise in fluid
temperature.

1 T T
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\' ,
X Il R — 10
06 \\
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0 T ~~~_ ......... o
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n

Fig. 9. Effect of R on Temperature profile

Figure 10 highlights that as the values of the heat generation Q constraint get higher, the

temperature curves expand. The thermal boundary layer's temperature rises with the levels of
ascent, increasing the liquid's velocity and allowing heat to accumulate in the flow region.

The implications of the Prandtl number (Pr) on the temperature and concentration profile is

outlined in Figure 11 and Figure 12 for a variety of Pr values. When working with bigger amounts of
Pr, ought to have less thermal diffusion. As a result, temperature and concentration profiles flatten
out as the Pr value rise.
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Fig. 11. Effect of Pr on Temperature profile
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=
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1 15 2

Fig. 12. Effect of Pr on Concentration profile

Brownian motion's (Nb) impact on the temperature as well as concentration profiles is potrayed

in Figure 13 and Figure 14. The temperature sketch climbs as Nb increases, but the concentration
distribution reveals a distinct pattern. The physical reason for the boundary layer heating up is the
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emerging Brownian motion, which is anticipated to transport nanoparticles from the expanding sheet
to the stagnant liquid. There are therefore fewer nanoparticles to absorb as a result.
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Fig. 13. Effect of Nb on Temperature profile
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Fig. 14. Effect of Nb on Concentration profile

The implications of the thermophoresis parameter Nt on the concentration as well as
temperature profile is apparent in Figure 15 and Figure 16. When Nt becomes higher, nanoparticles
shift from warmer to cooler regions as their concentration and temperature elevate due to a stronger
thermophoretic force.
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The ratio of heat diffusivity to mass diffusivity is known as the Lewis number. When heat and
mass are being transferred simultaneously through fluid fluxes, the Lewis number is employed to
describe the flow. Lifting the value of Lewis number Le induces a surge in the thermal boundary

layer thickness, but it additionally culminates in a drop in the thickness of the concentration boundary
layer. This is shown in Figure 17.
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Fig. 17. Effect of Le on Concentration profile
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Figure 18 depicts how a chemical reaction parameter affects concentration profiles. It is known

that the concentration drops as the chemical reaction parameter grows.
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Fig. 18. Effect of C, on Concentration profile

From Figure 19 to Figure 21, it is clear that —@'(0) and —¢'(0) diminish with parameters QQ and

M but these parameters have opposite influence on C, (0).
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Fig. 19. Effect of (2 and M on C,,
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4., Conclusion

The energy and species transfer in nonlinear slanted stretching sheets of the Casson type
nanofluid flow were examined. The effects of a heat source, suction or injection, radiation, and
chemical reaction on the rates of mass and energy transfer are studied numerically. The following
are crucial points for the conclusion.

i Fluid velocity decreases as the inclination factor increases.
ii. The local Local Grashof number and the local modified Local Grashof number increase, which
improves the velocity profile.
iii. Radiation enhances the temperature.

iv. The rates of energy as well as mass transport diminish by rising inclination.
V. The fluid's velocity drops with the Casson parameter.
Vi. Concentration profile grows as a result of chemical reaction factor rise.
vii. An increase of the inclination parameter enhances the skin friction coefficient but has the

reverse impact on reduced Sherwood as well as Nusselt numbers.
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The results obtained in this study will be used to analyse the heat and mass transport features in
many non-newtonian nanofluid flow industrial applications. This work can be extended in future with
some other geometries and physical conditions.
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