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The focus of this research is to examine how the Casson and chemical reaction parameter impact the variable radiative flow of MHD
Nanofluid across a stretching sheet. Through the use of similarity functions, the modelling equations (PDEs) of the motion of fluid are
transformed into simple differential equations. The MATLAB tool is adopted to compute the equations numerically. Graphs and
descriptions have been provided for velocity, concentration, and temperature outlines, showing the effects of important fluid flow
constraints. Different factors are analysed to provide data and explanations for Prandtl, Lewis numbers, slip and chemical
decomposition parameters. The current results are in good in good align with existed reports. The viscosity of the fluid and thermal
boundary stratum decreases as enhancing of Casson, Magnetic parameter & Prandtl number. Skin friction increasing as enhancing of
suction, stretching, magnetic and Casson parameter while decreasing as enhancing of velocity slip quantity. Rate of heat transmission
enhancing as increment of thermal radiation and surface temperature while decreasing as enhancing chemical reaction and thermal slip
quantities. Rate of mass transfer raising as enhancing of chemical reaction, thermal slip, thermal radiation while decreasing as
enhancing of surface temperature parameter.
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INTRODUCTION

Boundary stratum flow on a stretched sheet is a noteworthy problem in different industrial developments like paper
manufacturing and drawing plastic, glass, fiber & elasticity sheets. This phenomenon can also be observed in the growth
of crystals during polymer stretching processes and the cooling of metal sheets in cooling baths. Scientists are focusing
on this issue because of its relevance in polymer processing technology, especially in relation to heat transfer applications.
Sakiadis [1] made significant contributions to this area by investigating the equations controlling the boundary stratum
and flow over an expanding surface moving at a constant velocity. Elbashbeshy and Bazid [2] explored the flow of fluids
and heat transmission on a newly explored extended surface by internal heat activation given the importance of these
phenomena. Several scholars further developed Crane's work [3] done through the influence of heat & mass transfer by
different geometries & shapes, as explored by Abbas et al. [4] and Rosca et al [5].

Base fluids including water, motor oil, and glycerin combined with scattered nanoparticles like carbon nanotubes,
copper, silver, and gold make up nanofluid. The idea of utilizing a nanofluid, which is a mixture of a base fluid & nano
sized particles, was initially proposed by Choi and Eastman [6]. Solid particles are evenly and durably spread out in the
base liquid, such as water, engine oil, pump oil, and ethylene glycol. Nanofluid’s are predicted towards the next future of
heat transmission fluids because of their ability to greatly improve heat transfer efficiency when compared to pure liquids.
Their excellent thermal, chemical, and physical characteristics are highly useful in various industrial and technological
applications. Moreover, nanofluids have the potential to enhance abrasion characteristics in comparison with traditional
fluid blends. The scattered nanoparticles, often metals or metal oxides, enhance the thermal diffusion of nanofluid’s. A
variety of thermal applications, including smart fluids, microelectronics, heat exchangers, fuel cells, hybrid-powered
generators, pharmaceutical manufacturing, nuclear reactors, industrial cooling, and geothermal power extraction, can
benefit from the unique properties of nanofluids. Various researchers have recently finished several studies on nanofluids.
Das [7] investigated the behaviour of heat & mass transfer in MHD nanofluid flow across a radiating non-linear permeable
extending sheet with changes in thermal & velocity slip. He and his colleagues used the 4th order RK-Fehlberg method
along through the shooting method procedure to calculate computational solutions for modelling equations Entropy was
investigated by Hayat et al. [8] in a radiative water-based nanofluid between two rotating disks. Wang et al. [9] conducted
a computational evaluation of microchannel porous materials by introducing two distinct nanoparticles into a base fluid.
Khan and Pop [10] examined nanofluid flow on a flat surface undergoing stretching with Brownian and thermophoresis
using an implicit finite-difference method.

In recent years, investigating and describing the advanced properties of composite flows has become a fundamental
focus of research. The area of research involving conductive liquids that exhibit magnetic field characteristics is known
as magnetohydrodynamics (MHD). Rahman and Eltayeb [11] conducted a computational study on the properties of heat
transmission of nanofluid’s flowing over a non-linear extending sheet in two dimensions under hydromagnetic natural
convection. The study used the mathematical computer program Maple, accounting for the effects of thermal radiation
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and a convective frontier circumstance. Tausif et al. [12] studied the influence of a magnetic field on nanofluid flow
across a non-linear permeable extending sheet boundary layer. Mahantesh et al.'s [13] investigation of MHD fluid flow
as well as heat transmission at a point of stagnation took into account non-uniform heating source and sink effects, slip
velocity, and thermal leap. The results were reported numerically. Using a two-term perturbation approach,
Vedavathi et al. [14] discovered MHD nanofluid circulation on a flat plate while taking radiation absorption, diffusion
thermodynamics, and first-order chemical reactions into account. Biswas et al. [15] researched a concentrated nano liquid
model over a perpendicular plate. Moreover, in order to finish the project, they utilized an explicit finite difference
approach to visually analyse the temperature, concentration, and velocity profiles. Beg et al. [16] examined nanomaterial
flow with mixed convection through porous space that starts from an exponentially stretched sheet. However,
Al-Mamun et al. [17] inspected the flow of Sisko-nanofluid across an extended nonlinear sheet, taking into the
consideration of thermal radiation & the magnetohydrodynamic (MHD) effect. The effects of ion-slip and Hall current
on transient magnetohydrodynamic (MHD) flow in a revolving porous medium were studied by Dharmaiah et al. [18]. In
a magnetohydrodynamic convective micropolar fluid moving steadily over an inclined radioactive isothermal surface, the
interaction amid thermophoresis and heat production and absorption was examined by Shaik Mohammed et al. [19].

Casson fluid, a significant non-Newtonian liquid, is increasingly crucial in our daily lives. Different kinds of sauces,
soups & jellies illustrate Casson fluids. In 1959, Casson [20] was the first to develop the modelling equations for Casson
fluid and demonstrate the characteristics of different polymers. McDonald [21] highlighted that, the Casson liquid model
is characterized by the flow of blood. The class of fluids being discussed has a broad variety of uses in medicine, food
industries, biological sciences, and various drilling processes. Because of its significant relevance, numerous researchers
in the modern era observe this critical category of fluids in their laboratories. Nagarani et al [22] investigated the
movement of Casson liquid in tube with supple ramparts and the spread of solute using peristaltic flow.
Vishwanath et al. [23] analyzed the magnetohydrodynamic (MHD) movement of Casson fluid, which is non-Newtonian,
on a surface that shrinks exponentially. The surface had both constant and exponentially changing wall temperature with
suction. The dynamic behaviour of modelled equations, explaining the motion of micropolar Casson fluid across a sheet
was inspected by Nadeem and colleagues [24] with exponential curvature. In their study, Narsimha Reddy and
colleagues [25] examined the impact The nanofluid Casson and joules parameter in the varying radiative flow of a
stretched sheet with MHD. Reddy and colleagues [26] investigated the flow of a Casson incompressible fluid with heat
generation and magnetic field, driven by mixed convective, on a vertically accelerating porous plate.

Among the most crucial process variables for heat & fluid transport in a high temperature thermal system is radiation
characteristics. There are several applications for thermal energy in industries as a means of reducing excessive heat
emission. One important factor influencing the growth of nuclear energy, steady kit, turbines of gas, satellites, assortment
of innovative transformation structures and missiles facilities is thermal radiation, For the determination of analyzing the
MHD H,O-based nanofluid with the effects of significant variables on heat transmission & liquid movement
characteristics are inspected by Dharmendra et al. [27]. Nurul et al. [28] highlighted hybrid nanofluids by modelling
stagnation point flow in Maxwell fluid. They also studied heat transfer and radiation effects. Analysis of the implications
of mixed convection, thermal radiation, and porous media were considered by Abdul Wahed et al. [29]. The goal of
Rashad et al.'s work [30] was to develop a computational framework for the MHD Eyring—Powell nanofluid hybrid mixed
convection flux when thermal radiation is present. The nano liquid flow between two horizontally infinite plates with a
stretchable and permeability lower plate was deliberated by Shaheen [31]. Arulmozhi et al. [32] compare the effects of
pure fluid (water) and nanofluid (Cu—H20) on a moving vertical plate with porosity. By taking into account the
nanoparticles' ability to reach thermal equilibrium, the chemical response of this nanofluid with regard to radiation
absorption is consider. The effects of radiation and chemical responses on MHD hyperbolic tangent liquid were studied
by Athal et al. [33]. The combined effects of radiative heat, thermophoresis, mixed convective heat, Brownian motion,
and chemically reactive species were deliberated by Ahmed [34] in relation to magnetohydrodynamic (MHD) flow
through the frontier stratum of nanofluid across a non-linear extending a porous medium surface. In the incidence of
reactive chemical species and Joule heating, the simultaneous impacts of radiation on the convection of MHD nanofluid
across an extensible sheet in permeable medium were examined by Eid and Makinde [35]. Eldabe et al. [36] described
the influence of a chemical response on the MHD frontier stratum of an Eyring Powell nanofluid flowing with heat
transmission through an extended sheet. Gireeshal and N. G. Rudraswamy [37] have investigated the effects of chemical
processes on stagnation point movement along with heat transmission over an extensible surface of a nano liquid in the
incidence of irregular heat source/sink & uniform magnetic field. Anupam Bhandari [38] investigated the stable state of
a 2-dimensional incompressible flow of MHD with a micropolar nanofluid across an extended sheet.

Comprehending how nanofluids behave in linear and non-linear stretching situations is important for a range of
applications, such as industrial processes, coating applications, material manufacturing, and biomedical uses [39-40].
Investigations in this field help in the comprehension of how nanofluid impact the flow & heat transfer attributes in
diverse extending situations, offering valuable information for use in a range of industries. This study addresses various
gaps and limitations found in the previously discussed literature. It aims to develop a scientific model to inspect the
possessions of radiation on MHD Casson nanofluid movement on a nonlinear extending sheet, incorporating surface
temperature & concentration. The inclusion of thermal radiation adds novelty to the problem. The flow is examined under
the influence of a nonlinear extending sheet in the existence of a chemical response. This model has practical applications
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in areas such as nuclear waste storage, catalytic devices, fire-resistant insulation, & the production of pharmaceuticals,
painting, coal-water mixtures and synthetic lubricants.

MATHEMATICAL FORMULATION

The study focused on a non-Newtonian nanofluid movement across an extending surface sheet with a nonlinear
boundary layer at the plane y = 0. Flow is limited when y > 0, with the y axis vertical to the sheet described in Figure
1. It is presumed that the plate is extending along the x — direction, consider a non-linear velocity u,, = ax™,a >0 —
direction where a >0 is a constant number, n is the extending parameter that varies nonlinearly, and x is the co-ordinate
along the extending surface. The applied magnetic field B(x) normal to the extending sheet causes the fluid to become
electrically conductive, with B, being the initial intensity of the field of magnetism. The temperature on the stretching
sheet at y=0 is given by T,, = T, + bx" where the temperature far from the surface is denoted by T, , the surface
temperature parameter (STP) is represented by r, and b is a constant that is positive By setting r=0 in certain scenarios,
we achieve a consistent temperature across the sheet, known as constant surface temperature (CST). C represents the
concentration of nanoparticles, while C,,, is the consistent concentration of nanoparticles on the plate's surface, which is
higher than the surrounding fluid concentration C,, . Additionally, the magnetic Reynolds number is extremely low and
can be ignored, resulting in a small induced magnetic field.

The Cauchy stress tensor rheological equation for Casson nanofluid is provided.
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Figure 1. Geometric and physical representation model

In view of the overhead norms and considerations, the PDE models for nanofluid flow in the laminar boundary
layer are derived.
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Where u and v are velocity along x and y directions. u, and T are the velocity & thermal slip, vw is suction or injection, ps

is density of the base liquid, o is electrical conductivity, , v is kinematic viscosity and @ = —— is thermal diffusivity of

(p )
the base liquid. Dg and Dy are Brownian & thermophoretic diffusion constants correspondingly, ¢, is the specific heat,
(pc) Pp

ko is rate of chemical reaction, B(x) = Box™ /2 variable magnetic field, T = 9
f

is the ratio of the heat capacity of
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the nanoparticles to heat capacity of the base fluid. C is concentration of nanoparticles, C,, is consistent concentration of
nanoparticles at surface, greater than the ambient concentration C,,
If we consider an optical thick frontier stratum where the Rosseland estimation, the radioactive heat flux g, becomes

Q)

4 0T4

qr = 3K ay

where ¢ & K are the Stephan—Boltzmann & mean absorption coefficients.
Replacing Eq. (6) in the leading Eq. (3) we get
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The dimensionless measures as
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here ¥ (x, y) is stream function defined by
ay _ o
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These are satisfying the Eq. (1) and the equations (2)-(5), obtained the equations (10)-(13) as follows
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With boundary conditions as
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f'(0) =0,8() = 0,¢p() =0 '
Here, the dash indicates the derivative with 1. f, 8, @ are the similarity function, non-dimensional temperature &
concentration of nanoparticle respectively, Pr =£, Le =DL are Prandtl and Lewis number respectively. Nb =
B

(13)
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Magnetic parameters respectively. The parameter for fluid's comparative ratio of temperature at the sheet's surface is T,, =
Tw

_ 2 . . .. . _ a(n+1) _ a(n+1) . .
T fw =10 /av i S suction or injuction, & = s, ’—ZV and { = s; ’—21; are the velocity & thermal slips

respectively where s,, ands, are the velocity and thermal factors, The measures of the physical importance are the local
skin friction coefficient Cf,, the local Nusselt number Nu, and the local Sherwood number Sh, which are defined as .
fw =01, >0, f,, <0 are represents surface is impermeable, suction and injection of the fluid on a porous sheet

are Brownian motion, thermophoresis, Chemical and

respectively.
The physical interest's quantities, which are essential for practical reasons
=H (o = — dw (4Pr — 3p —_ Xdm
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Where q,, and q,, are the heat and mass flux at the surface, k is the thermal conductivity of the nanofluid, respectively.
The q,, and q,, are given by

== (), =24 (%)

y=0 y=0

The non-dimensional forms of the skin friction, the local Nusselt & the local Sherwood numbers as
4
ReYCy, = ( )f"(O) 1/2 [1 o (L4 (T, - 1)9(0)}3] o' (0) 1/2 0'(0)
where Re, = xu,, /v is the local Reynolds number.
DISCUSSION OF FINDING

To calculate the numerical solutions to (10)—(12) with boundary conditions (13), the authors used bvp4c. One of
MATLAB's built-in function bvp4c for working with finite difference and collocation polynomials. This technique gives
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good agreement results to the other methods which is shown in the Table 1. Numerical calculations are conducted in this
part for various parameter values that reflect the flow characteristics, and the outcomes are visually represented.

Code of Validation: Comparison of Nusselt number & Sherwood number tabulated below. The present model is
similar of Khan and Pop [10], Rahman and Eltayeb [11] and Das et al [7] when the absence of magnetic, thermal radiation,
stretching, suction and surface temperature, Casson and chemical reaction parameters. The present results are good

alignment with existed studies by Finite difference (Khan and Pop [10]), Maple software (Rahman and Eltayeb [11]), and
RK-Fehlberg method with a shooting method (Das et al [7].

Table 1. The Nusselt and the Sherwood number comparison when Pr = 2,Le = 2,1, =6

Nt Khan and Pop [10] Rahman and Eltayeb [11] Das et al [7] Present Results
6'(0) 9'(0) 6'(0) 9'(0) 0'(0) 9'(0) 0'(0) 9'(0)
0.1 0.9524 2.1294 0.952376 2.129393 0.95237602 2.12939273 0.95233794 2.12909712
0.2 0.6932 2.2740 0.693174 2.274020 0.69315023 2.27402065 0.69316392 2.27352695
0.3 0.5201 2.5286 0.520079 2.528636 0.52001607 2.52863590 0.52009015 2.52790541
0.4 0.4026 2.7952 0.402581 2.795167 0.40258040 2.79516710 0.40260786 2.79417165

The influence of the Casson fluid parameter (y) on the velocity outline is portrayed in Figure 2(a). The Casson
parameter y is noted for generating a resistive force in liquid movement. As a consequence, the velocity profile decreases
in magnitude with increased values of y. Increasing y results in a stronger impact on the temperature field (figure 2(b)).
The thickness of the concentration boundary layer will raise as the values of y increase. The retarding force caused by
plastic viscosity contributes to the increased concentration shown in Figure 2(c).
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Figure 2. Impact of Casson parameter on (a) Velocity, (b) Temperature (c) Concentration

The presence of a magnetic field factor leads to an increased distribution of nanoparticles in the boundary layer area.
This event is caused by the Lorentz force, which creates a force that goes against the path of fluid movement. Figure 3(b)
shows by what means the temperature outlines change with the magnetic field parameter M. It is clear that as M increases,
the fluid temperature also increases. The magnetic field makes the magnetic nanoparticles in the nanofluid move and
rotate. The drive of the nanoparticles creates friction and crashes, resulting in a rise in temperature by transforming kinetic
energy into thermal energy. Additionally, the electrically conducting nanofluid experiences a Lorentz force owing to the
functional magnetic field. This energy causes electrical power to transform into warmth, causing the fluid's temperature
to rise overall. Therefore, as the magnetic parameter M increases, the thermal boundary layer thickness also increases.
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Figure 3. Impact of M on (a) Velocity, (b) Temperature (c) Concentration

Figure 4(a) demonstrates how the stream-wise velocity varies with different values of the non-linearly stretching
sheet parameter n. An increase in this non-linear factor is linked to a decrease in the velocity in the direction of the stream.
This suggests that either the stretching process or the parameterization conditions are instigating a deceleration in the
movement in the flow path. Consequently, when the parameter n increases, the boundary layer width of impetus decreases.
In Figure 4(b), the correlation among temperature variation and parameter n values is illustrated. A greater stretching
parameter value means a stronger or more notable extending of the surface. When the surface is stretched more, it adds
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extra energy to the fluid movement close to the surface. This extending accomplishment can change the flow outlines,
impacting the speed circulation within the boundary sheet. This increases the transmission of momentum and movement
of fluids close to the surface, resulting in a thicker boundary layer. Figure 4 illustrates how the nanoparticle concentration
profile fluctuations vary with different stretching parameter values, denoted as n. While the effect may be minimal at a
constant surface temperature, it is evident that the concentration upsurges as the stretching parameter values upsurge. This
happens because the stretching movement can cause improved blending, heightened fluid movement, and changed
velocity patterns near the stretched area. This results in increased shear forces in the fluid close to the extended surface.
Increased shear stresses improve fluid mixing, resulting in greater transport of species, like substance concentration.
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7 bl 7
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Figure 4. Impact of n on (a) Velocity, (b) Temperature (¢) Concentration
The illustration of how velocity contours behave with dissimilar values of velocity slip parameter () is demonstrated
in Fig. 5(a). In general, § computes the amount of slip on the cylinder's surface. In this analysis, we examine how fluid
speed diminutions with cumulative §. The cause for this is that & primarily hinders the flow of the liquid, which ultimately

outcomes in a reduction in overall fluid molecule movement. As the value of § increases, it is noted that the concentration
and temperature also increase.

bl 7
(a) (b) (c)
Figure 5. Impact of velocity slip £ on (a) Velocity, (b) Temperature (c) Concentration
Figure 6(a) and (b) illustrate how the dimensionless temperature and nanoparticle volume fraction are prejudiced by
the thermal slip parameter {. Increasing ¢ values clearly reduce temperature and concentration profiles. Even with a

modest quantity of heat supplied to the liquid from the sheet, the thermal boundary layer thickness falls with growing
thermal slip parameter.
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Figure 6. Impact of thermal slip { on (a) Temperature (b) Concentration
Fig. 7(a) shows that the temperature drops with an upsurge in the Prandtl number (Pr). An elevation in Pr could
potentially decrease the thermal boundary layer thickness. Pr is the fraction of momentum diffusivity to thermal

diffusivity. When dealing with heat transmission matters, the Pr number influences the proportionate growth of the
momentum & thermal frontier stratums. When Pr is low, heat spreads rapidly relative to momentum in liquid metals,
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resulting in a thermal boundary layer thickness significantly larger than the momentum boundary layer. Liquids with a
lesser Pr number exhibit increased thermal conductivities (and thicker frontier stratum structures), allowing for quicker
heat diffusion compared to fluids with greater Pr numbers (resulting in thinner frontier stratums) Figure 7(b). Therefore,
Pr can be utilized to enhance the rate of cooling in conductive flows.

n
(a) (b)
Figure 7. Impact of Pr on (a) Temperature (b) Concentration

Figures 8(a) and 8(b) show how temperature and concentration change with coordinate 1 for different thermophoretic
parameter (Nt) values. The force Nt is caused by the temperature variance among the cold sheet and the hot fluid, leading
molecules to move towards the cold sheet. The molecules near the hot stretching sheet are kept warm by the air molecules,
resulting in a rapid flow away from the sheet that reduces the temperature difference. This leads to molecules increasing their
kinetic energy and temperature. Consequently, the thermophoresis force moved the heated molecules close to the heated
contracting surface towards the cold fluid at the surrounding temperature. Thermophoresis causes the momentum boundary
layer width to increase, while at the same time thickening the thermal boundary layer width. Graph 8(b) indicates that
nanoparticle concentration rises as the thermophoresis parameter increases. Essentially, when a particle exerts a
thermophoresis force on another particle, it causes particles to move from a hotter to a colder area, resulting in the fluid

moving from a hotter to a colder region, causing the volume proportion of nanoparticles to increase.
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Figure 8. Impact of Nt on (a) Temperature (b) Concentration

The influence of the Brownian diffusion parameter (Nb) on the dimensionless temperature & concentration
distributions is demonstrated in Figs 9(a) and 9(b). Brownian diffusion involves the unpredictable movement of
nanoparticles suspended in the base liquid, mainly due to the rapid movement of atoms or molecules in the base fluid. It
should be noted that Brownian diffusion is connected to the dimensions of nano-particles and frequently appear as clusters
and/or clumps. Brownian motion is significantly reduced for larger particles, resulting in Nb having minimal values. As
the Nb values increase, the temperature outlines in the frontier stratum region are enhanced (Fig. 9(a)). Nevertheless, the

nano particle concentration patterns slow down with increased values of Nb depicted in Fig. 9(b).
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Figure 9. Impact of Nb on (a) Temperature (b) Concentration
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Fig. 10(a) displays the temperature distribution for various radiation factor (R) values. It was found that as the R
increased, the temperature rose as well. The temperature increased because of the escalation in the conduction effect
inside the thermal frontier stratum caused by the rise in R, since the radiation factor was the fraction of conductive heat
transfer to radiative heat transfer. This finding may prove useful in directing the ratio of heat transfer properties by means

of the thermal radiation mechanism. Fig. 10(b) makes it apparent that when the radiation rises, the fluid's concentration
falls.

n n
(a) (b)
Figure 10. Impact of R on (a) Temperature (b) Concentration

The Lewis number is a unit less parameter that represents the proportion of thermal diffusivity to mass diffusivity
and is crucial in the joint impact of heat & mass transfer operations. The relative thermal and concentration boundary
layer thicknesses are measured by Le and can also be written as Le = Sc/Pr. Reportedly, as Le increases, the
temperature decreases sources a lessening in the thickness of the boundary layer fluid. A growth in the parameter slowly
enables the fluid to release heat to the external environment or nearby body, resulting in a diminution in the fluid's
temperature (Figure 11(a)). Figure 11(b) illustrates how the nanoparticle concentration falls as the Lewis Number (Le)
rises. This impact is especially noticeable for smaller Le values. As a result, it is expected that Le will greatly change the
concentration frontier stratum. In Figure 12(a) and 12(b), we can see the dimensionless temperature and concentration
profile at various values of chemical response. The fluid temperature & concentration declines as the chemical reaction
rate rises. The main cause is that the temperature & concentration fields decreases as the kr rises due to thermal
conductivity of the particles in the liquid decrease and an upsurge in the number of solute molecules participating in the

reaction. Therefore, a harmful chemical reaction greatly declines the thickness of the thermal & concentration frontier
stratum.
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The Fig 13. shows the variation of skin friction, Nusselt and Sherwood number with the variation of suction, velocity
slip, stretching, magnetic and Casson parameter. Skin friction increases as enhancing of suction, stretching, magnetic and
Casson parameter while decreasing as enhancing of velocity slip quantity. Amount of heat transfer improve as enhancing
the suction parameter while fall down as enhancing of stretching, velocity slip, magnetic and Casson parameter. Amount

of mass

transmission raising as suction, stretching parameter while decreasing as enhancing of velocity slip, magnetic

and Casson parameter. The Fig 14. Shows the variation of Nusselt & Sherwood number. Proportion of heat transmission
enhancing as growing of thermal radiation and surface temperature while decreasing as enhancing chemical reaction and
thermal slip quantities. Rate of mass transfer raising as enhancing of chemical reaction, thermal slip, thermal radiation
while decreasing as enhancing of surface temperature parameter.
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CONCLUSIONS

The purpose of the numerical study is to examine the effect of thermal radiation across a non-linear extending sheet
on MHD Casson nano fluid. To solve the resulting ODEs with frontier circumstances and parameter modifications, the
numerical schema bvp4c is used. The subsequent decisions are obtained.

As the Casson, Magnetic parameter, and Prandtl number increase, the fluid's viscosity and that of the thermal
frontier stratum decline.

Lewis number and Brownian diffusion's effects, which are related to the temperature & concentration of
reversible fluid flow.

The temperature & concentration profiles rise with increasing velocity slip value.

As the thermal slip parameter enhances, the thickness of the thermal frontier stratum falls.

Temperature of the nanofluid increases while concentration of the fluid decreases with enhancement of the
radiation parameter

Decreases the thickness of the thermal & concentration frontier stratum by enhancing of Chemical
decomposition rate.

Skin friction raises as enhancing of suction, stretching, magnetic and Casson parameter while decreasing as
enhancing of velocity slip quantity.

Rate of heat transfer enhancing as increasing of thermal radiation and surface temperature while decreasing as
enhancing chemical reaction and thermal slip quantities.

Rate of mass transfer raising as enhancing of chemical reaction, thermal slip, thermal radiation while decreasing
as enhancing of surface temperature parameter.



110
EEJP. 1 (2025) P. Raja Shekar, et al.

e  The present results are in good agreement with earlier existed results.

e  After discovering all the aforementioned results, we can determine that in several cases industrial production
where the surfaces are stretching. Polymer sector when subjected to an external transverse magnetic field effect
of several factors. The temperature and density of nanoparticles directly impact the quality of the material.
Improving the final product can be achieved by controlling these factors at the period of manufacturing.
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BIIJIUB TEIIVIOBOI'O BUITPOMIHIOBAHHSI HA MTI'] IIOTIK HAHOPIIUHU KACCOHA YEPE3 JIUCT IO
HEJIHIAHO PO3TAIYETHCSI 3 HASIBHOCTIO XIMIYHOI PEAKIIII
I1. Papzka Wlekap, I'. Ixutenaep Pexni, H. [loranna
Kageopa mamemamuxu, Inscenepro-mexnonociynuii incmumym VNR Binvana Jorcoomi, Xaiioapabao, 500090, Teraneana, Inois

MertoI0 IILOTO IOCHIIKEHHS € BHBUCHHS BIUIMBY Iapamerpa Kaccona Ta xiMiuHOI peakmii Ha 3MiHHWH pamianiinuit MI'J] moTikx
HaHOMIIIOIMY Yepe3 JIUCT, IO PO3TATYETHCS. 3aBISIKM BHUKOpUCTaHHIO (YHKUIH moniGHocti piBHsHHS MojemoBanHs (PDE) pyxy
piIMHN TIepeTBOPIOIOThCS Ha mpocTi audepeHmianbHi piBHsAHHA. [HCTpymMeHT MATLAB BHKOPHCTOBYETBHCS JUISL YHCEIBLHOTO
oOuKcieHHst piBHsIHB. ['padiky Ta OmMMCH HamaHi Uil KOHTYPIB INBHUAKOCTI, KOHIICHTPAILlii Ta TEMIIEPaTypH, IO MOKa3ylOTh BILUIUB
Ba)KJIMBUX OOME)XEHb MMOTOKY PiAMHU. AHaI3yI0ThCs pizHi (akropw, 1106 oTpumaTH naHi Ta nosicHenus uucen [Ipanaris, Jlboica,
rapaMeTpiB KOB3aHHS Ta XIMIYHOTO po3kiaanaHHs. [I0TouHI pe3yabTaTd € XOPOUIMMHU Ta 100pe Y3ro/HKYIOThCS 3 HASBHUMU 3BITAMH.
B's3kicTh (umroiny Ta TepMIYHOTO TpaHUYHOTO IIapy 3MEHINyeThcs 31 30inpmieHHsAM KaccoHa, MarHiTHOroO mapaMeTpa Ta YHcIia
Ipannras. [ToBepxHeBe TepTs 30LIBIIYETHCS NPH 30UIBIICHHI BCMOKTYBAaHHS, PO3TATYBaHHS, MAarHITHOTO IapaMeTpa Ta Hapamerpa
Kaccona, a TakoX 3MCHIIyeThCS depe3 30UTbIICHHS MIBUAKICHOTO KoB3aHHs. IIIBHAKicTh mepenadi Temia 30UIBLIYEThCSA Y Mipy
30UIBIICHHS] TETUIOBOTO BUIIPOMIHIOBAHHS Ta TEMIIEPATypH IOBEPXHi, OTHOYACHO 3MEHIIYIOUNCh Y Mipy IOCHJICHHS XIMIYHOI peakuil
Ta TEIUIOBOro KoB3aHHs. [IIBUAKICTE MacooOMiHY MiZIBHIIYETHCS 32 PaXyHOK ITOCWJICHHS XiMIUHOI peakuii, TeIIOBOrO KOB3aHHSI,
TEIUIOBOTO BUIIPOMIHIOBaHHS Ta 3MEHILYETHCS 32 PAXyHOK 301JIbIICHHS TapaMeTpa TeMIepaTypy IOBEPXH.
KuarouoBi cinoBa: nanoguioio; ximiuna peaxyis; mepmogopes; 6poyHiecokuil pyx



