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In this work, we report the effects of Thompson, Troian slip, and Stefan blowing on the magnetohydrodynamic (MHD)
Cassonnanofluid behavior via a porous media while a chemical reaction is taking place. We also examine the effects of radiation
parameters, Joel heat, and velocity distribution using a two-phase model for nanofluids. Similarity transformations may be used to
convert the primary Partial Differential Equations (PDEs) into Ordinary Differential Equations (ODEs). MATLAB Shooting and
Runge-Kutta algorithms may be used to solve nonlinear equations. The variations in non-dimensional parameters show the effects on
mass transfer, heat, and fluid flow properties. It is shown that the skin friction coefficient falls as the Stefan blowing parameter S
increases. As the values of the Thompson and Troian slip parameters increase, the fluid concentration decreases. With an increase in
Nt, Nb, and k, the fluid's heat rises but its concentration falls. The results of this analysis provide several enticing aspects that are
going to give merits for further study of the problems.
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1. INTRODUCTION

For the past few decades, the study of nanofluids has been a desirous investigation. Nanofluids are used in a wide
range of fields, including research, geophysics, biomedicine, chemical engineering, and electronic cooling. The first to
propose the concept of "nanofluid" was Choi [1]. A "nanofluid" is a liquid that contains ultrafine particles having a
diameter of less than 50 nm, often metal or metal oxide. Applications for the combination of chemical reactions and heat
and mass transfer issues may be found in many different sectors, and engineering domains, including nuclear power plants,
gas turbines, various aircraft propulsion systems, missiles, satellites, spacecraft, biological domains, and medicinal
procedures. At high operating temperatures, the radiation effect can be quite significant, making the effects of radiation on
MHD flow and heat transfer problems more important in industries. (challenges related to the effects of radiation on MHD
flow and heat transfer find its significance at high temperatures). Several features of mass transfer, heat transfer, and
nanofluid flow with MHD radiation have been examined by several researchers. In their description of heat flow and
transport, Wu as well as Zhao [2] laid forth the fundamentals of nanofluid use in engineering research. The impact of heat
transmission on nanofluid flow and the consequences of double stratification on boundary layer flow in the context of a
vertical plate was discussed by Ibrahim and Makinde [3]. The MHD alumina water nanofluid flow as well as mass transfer
across a flat plate with certain slip conditions were examined by Singh and Kumar [4]. Sheikholeslami and Rokni [5] used
the transverse magnetic field to investigate the review of MHD and heat transmission of nanofluid. The two-dimensional
movement and heat transmission of Casson nanofluid across a cylinder or plate, as well as the effects of thermophoresis as
well as Brownian motion phenomena, are examined by Farooq et al. [6]. Additionally, the impacts of bioconvection,
exponential thermal sink/source, and motile microorganisms are taken into account. A numerical analysis of the MHD
radiative motion of the near-stagnation point over an exponentially stretchable Cross nanofluid surface with a variable heat
source/sink was addressed by Srinivasa Babu et al. [7].

Ramesh Babu et al. [8] have not paid much attention to unsteady MHD Non-Newtonian free convective flow
through a porous media via a semi-infinite vertical permeable moving plate under the presence of radiation absorption.
They researched the flow properties of the visco-elastic fluid and analyzed how radiation absorption is taken into
account in the energy equation. A mixed convective magnetohydrodynamically responding two-dimensional non-
Newtonian fluid via a vertical exponentially stretchable impermeable barrier was reported by Srinivasa Babu et al. [9]
together with temperature and concentration distributions. The mixed convective MHD 2D Williamson fluid is
numerically explored under suitable circumstances, including both masses and heat transport rates, via an exponentially
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vertical stretching surface. The MHD boundary layer flow of an exponentially expanding sheet with a thermally
stratified medium in the presence of suction was examined by Reddappa et al. [10]. The precise solutions for the
propulsion of Ree-Eyring liquid under different effects, including Joule heating, MHD, and Hall currents, have been
provided by Bhatti and Rashidi [11].

Newtonian fluids have a major part in many biological applications, flow processes in natural occurrences, and
mechanical systems, which has led to a lengthy history of study in this area. Numerous models, including the Ellis,
Carreau, Williamson, Jeffrey, Eyring-Powell, and Casson fluids, have been presented based on their rheological results.
The Casson fluid model is among the models that people use the most often. Thick fruit juices, tomato catchup, and
plasma are associated with Casson fluid. Red blood's characteristics match those of Casson fluid as well. When certain
important components, such as protein, fibrinogen, and globulin, are present Human red blood cells (RBCs) can create
connected formations called aggregates or rouleaux in plasma. The yield stress resulting from Rouleaux's plastic solid
state is related to the fixed initial stress of Casson's fluid. The non-linear quantitative description of Casson's model has
been used to formulate printing solutions [12], silicon solvents [13], and polymers [14]. Ali et al. [15] performed a
computer investigation on the pulsatile pushing of Casson liquid in a porous channel using a finite difference method.
Majeed et al. [16] investigate the effects of slip and MHD 2D bioconvection non-Newtonian Casson nanofluid flow
towards a nonlinear stretchable surface in the presence of nanoparticles and motile gyrotactic microorganisms. The
Optimal Homotopy Analysis Method (OHAM) has been used by Sohail et al. [17] to address the boundary layer Casson
liquid flow on a linearly elongating surface. They examined the Casson fluid motion taking into account Joule heating,
MHD, and stretching surface using the RK45 technique as outlined by Kumar and Srinivas [18], and Sreenivasulu et al.
[19]. Kataria and Patel [20] have provided MATLAB simulations for the MHD Casson liquid propulsion past an
oscillating vertical plate. A small number of further studies in the Casson fluid with effects from magnetic fields are
presented. Along with others, RajuVenkateswara [21] In the presence of a chemical reaction, the effects of slip and
produced magnetic field on a non-linear convective Casson fluid in a vertical past plate with an embedded porous
medium are studied theoretically. The no-slip boundary requirements are flawed because fluid flow near a container's
walls often differs from the surface velocity of the container. Because of this actual feature of the flow, many slip
boundary conditions have been suggested by researchers. Thermal radiation is more common in engineering domains
when temperatures are high, especially in tiny convective thermal transfer systems. Moreover, thermal radiation is
crucial for regulating thermal transfer schemes and preserving the temperature throughout polymer synthesis operations.
As a result, studies on the effects of radiation on fluid flow systems have begun. Mandal and Mukhopadhyay [22] have
shown, for example, the thermal investigation of micropolar liquid past a stretching surface under the measurements of
radiated environment impacts using a shot scheme. The free convective flow of a non-Newtonian fluid in a vertical
deformable porous stratum with the influence of Darcy law was studied by Sreenadh et al. [23]. They noticed that both
viscous and Darcy dissipations produce heat inside the fluid.

One may derive the blowing effect from Stefan\Prime's issue, and Stefan's blowing effects are practically
significant in many scenarios. The effects of Stefan blowing on a movement involving the transfer of nanofluid on
stretched plates were described by Fang and Jing [24]. They observed that the blowing improves the flow's velocity.
The potential significance of Stefan blowing was noted by Hamid et al. [25], who also outlined the characteristics of
Stefan blowing on species movement for stagnation point flow. The effect of Stefan blowing on the movement of
Casson micro fluid due to a stretched part was examined by Lund et al. [26]. Mass conveys oscillated during the flow
due to mass blowing at the partition. The effects of Stefan blowing over a bio-convective caused by a stretched
cylinder were documented by Rana et al. [27]. Ellahi and his coauthors [28] were able to precisely solve critical
flows when nonlinear slip was present in 2010. This issue also takes into account the more general slip condition at
the border that Thompson and Troian [29] presented. The effects of the Thompson-Troian slip condition and
Cattaneo-Christov heat flow across a stretched sheet were investigated by Ahmad and Nadeem [30]. The effects of a
chemical reaction and Thompson and Troian slip on nanofluid flow via a stretching/shrinking sheet on a stagnation
zone were described by Ramzan et al. [31]. The effects of the Riga surface and Thompson and Troian slip conditions
on mixed convection nanofluid flow were covered by Nadeem et al. [32]. In conjunction with the first-order
compound response, Dey et al. [33] recently examined the combined effects of Stefan blowing and Thompson and
Troian slip on the forced convective motion of nano liquid across a nonabsorbent plate. They found that when the
levels of the Stefan blowing parameter S increase, the skin friction coefficient decreases, and as the slip parameter &
and critical shear rate [ rise, the mass transfer rate decreases. The precise nature of the link between these
characteristics is not well understood. Further investigation is necessary in the field of existing research about the
impact of the Thompson and Troian slip condition. There isn't a single published work that discusses the Stefan flow
of nanofluid when uniform shear is present.

The purpose of this paper is to examine the effects of Thompson-Troian slip and Stefan blowing on the Casson
nanofluid flow. In a uniform shear, we additionally take into account the impacts of radiation, chemical reactions, Joel heat,
and MHD porous media. Appropriate transformations lead to a self-similar version of the leading equations. The R-K
shooting technique is then used to solve these equations. When the produced findings and the available data are compared,
they demonstrate perfect agreement. The impacts of several factors on the fields of hotness, nanoparticle concentration,
velocity slope, and velocity are investigated. Visual representations are used to aid in comprehending these impacts.
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2. FORMULATION OF THE PROBLEM
Consider a forced convection Casson micro-liquid flow across a fixed plate in the medium that has a very tiny
width and a large span (see Fig. 1). The axis is normal relative to the axis's upward-directed plate. The magnetic field
that is generated is assumed to be perpendicular to the plate. The transverse magnetic field's intensity is increased by the
magnetic field. Considering that the velocity apparatuses are, respectively, running parallel and normal to the plate.
Given the circumstances stated above, the rheological formulas are [33] provided by

2(/13 )e >,
2(/13 +%)€y, <,

in which, P is the Casson’s yield stress, the scientific expression preordained for the yield stress possibly will be
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articulated as where 4, is the Casson fluid’s lively viscosity, 7 signifies the product of the deformation
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model. In the occasmn(;r > 7Z'C) of Casson fluid motion, the aforementioned is feasible in the case of u =y, +T,
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Figure 1. Sketch of the physical flow problem
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Here,uando is the Casson fluid parameter, indicates the uniform magnetic field, denotes the electrical conductivity,

k is the permeability parameter, corresponds to the fluid's specific heat, t is the time, k denotes the thermal conductivity,
denotes the radiative heat flux, and are the parts of the velocity in the x and y directions, respectively. The temperature
along the free stream is T, and so are the two temperatures. The variables denoted by o are the thermal diffusivity, free
stream velocity, effective heat capacity of the nanofluid as well as nanoparticles, as well as Brownian and
thermophoretic diffusion coefficients, correspondingly. C represents the volume percentage of nanoparticles, is the free

stream focused attention, k, = (k, being constant) is the rate of chemical reaction, whereverk, >0and k <0

0
x2/3 ’
indicates that there are chemical processes that are both productive and detrimental. There are several scenarios where
the response rate may change inversely with distance. Reaction rate has thus been taken (as a) significant variable in
this text. The following list contains the suitable boundary circumstances regarding the present problem,
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Here, y = y,x"” is the Navier slip length, y, is the slip factor, ¢ is the reciprocal of the shear rate and g3, = v/ r

remains constant. In this case, the consistency of The idea of conservation of mass is shown in Equation (1). Equation
(2) describes the momentum equation using boundary layer estimations, and it may be applied to any case involving
incompressible fluid flow. The left-hand side (1.h.s) of the text represents the inertial phrases that are discussed in each
article. Conversely, the first term on the right (r.h.s.) represents the viscosity term, magnetic field, and overall porous
media properties found in all of the studies listed in the text. The initial term in the r.h.s. of Egs. (3) and (4) transmit a
diffusive component, while the Lh.s. of those equations indicate the convective term to earn mass transfer and heat
transport, respectively. The last two variables in (3)'s r.h.s. stand for the effects of radiation, Brownian motion,
thermophoresis, velocity distribution, and Joel heat — all of which have been found in earlier research [12,20,27]. First-
order chemical processes are represented by the last item on the r.h.s. of (4) and have been examined by Daniel et al.
[12,23], Dey, and Mukhopadhyay [27]. The thermophoresis effect is shown by the second term on r.h.s. of (4) and is
seen in [12,20,27]. (5a) has two boundary conditions: [29-30] provides the second boundary condition for Stefan
blowing, while [30-33] provides the first boundary condition for slip. One can locate the uniform shear flow in [36-38]
that results in the first condition of (5b). In addition to the mass transfer problem over a flat plate, (5b) provides
additional free-stream conditions for every flow and heat.

Resemblance examination in addition to the explanation process
The subsequent similarity conversion relations remain now placed for u,v as

0 0
=Y - ¥ (6)
oy ox
Anywhere, i is the stream function. Over, let us familiarize the subsequent dimensionless variables,
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where o and « are Stefan-Boltzmann constant in addition to the absorption coefficient. Decrease the Eq. (3) through
using Eq. (8) we get

Using the relatives (6)—(7) in the border layer Eq. (2), vigor Eq. (3) in addition to attentiveness Eq. (4) the
subsequent equations remaingot.
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it shows both constructive as well as destructive chemical processes, but it also shows the absence of chemical
reactions. In light of this, boundary requirements ultimately turn into

%3 is the rate at which chemicals react parameter;

and N, = is the thermophoresis parameter, k = k,x
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where § = yz 7] 12 ok is the velocity slip parameter and £, =¢ ik is the critical shear rate. S = T is

the Stefan blowing parameter. S > 0 shows mass movement from fluid to plate (mass suction), but shows mass transfer
from plate to fluid (mass blowing) [13,15].

2.2. Physical quantities
Sherwood number, Nusselt number, as well as skin friction coefficient, are the non-dimensional numbers of
practical relevance Sh,, Nu,,C, are given:

C,= TW2 ,wherer, = ,U(l-i—ij[a—uj , Nu, =— v and Sh, = n
IOL ﬂ ay y=0 k(]—:v - Too) DB (Cw - Coo)

Anywhere g, , g, suggests the mass and heat fluxes, besides specifying the thermal conductivity of the nanofluid.
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Replacing g, , and ¢, in the above equations, we get.
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w

v

where Re ”? = = is the local Reynolds number.

3. RESULTS AND DISCUSSION
3.1.Validation of results:
The present findings (for the no-slip border situation in the absence of Stefan blowing) are contrasted with the
available published results of Blasius [34], Ishak et al. [35], Verma et al. [36], and Dey et al. [30] to verify the accuracy
of the applied numerical scheme. Table 2 highlights an ideal convention alongside the available results.

3.2. Analysis of results

Numerical computations have been performed using the method outlined in the preceding section for various
values of dissimilar parameters to provide a clear picture of the current issue. Figures 2 through 34 provide numerical
data that illustrate the results.

The effects of the Casson fluid parameter on the profiles of temperature, concentration, and velocity are shown
in Figs. 2, 9, and 22. When the critical shear rate and velocity slip parameter are present, the temperature rises while
concentration and velocity drop. The effects of the magnetic parameter on the profiles of velocity, temperature, and
concentration are shown in Figs. 3, 15, 23, and 4. As velocity and concentration increase, temperature exhibits the
opposite behaviors in the presence of the critical shear rate and velocity slip parameter. Figures 4, 16, and 34
illustrate how the Porous medium parameter affects the profiles of temperature, concentration, and velocity. As the
parameter increases, so do the profiles of concentration and velocity; however, when the critical shear rate and
velocity slip parameters are present, the temperature exhibits the opposite behavior. The effects of critical shear rate
parameters on temperature, concentration, and velocity profiles are depicted in Figs. 5, 18, and 29. Increasing the
critical shear rate parameter causes an increase in concentration and velocity, while the presence of the Stefan
blowing parameter causes the temperature profile to exhibit the opposite behaviors. The temperature drops for
various velocity Thompson-Troian slip parameter values in Figures 6 and 21, respectively, although concentration
oscillates in the presence of in Figure 28. The Lewis number's effects on velocity, temperature, and concentration
profiles are shown in Figs. 7, 19, and 26. As, temperature and velocity dropped, the concentration profile displayed
the opposite behaviors when the Stefan blowing parameter was present. Figure 8 illustrates the reduction in velocity,
whereas Figure 20 displays a rise in temperature for varying values of the Stefan blowing parameter. However,
Figure 30 displays concentration oscillations when certain values are present. For increasing values, the temperature
results are shown in Figs. 12, 13, and 14 together with the impacts of the Brownian motion parameter, the
thermophoresis parameter, and the Eckert number. For the values of, there is a temperature rise. The concentration
findings with the impacts of the Eckert number, Thermophoresis parameter, and Brownian motion parameter are
shown in Figs. 24, 25, and 33. As the concentration profile increases, it oscillates in the presence of. The findings of
temperature in relation to the radiation parameter and Prandtl number are shown in Fig. 10, and 11. As and increases,
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the fluid's temperature fluctuates in their presence. In the presence of, the concentration profiles from Figs. 31 and 32
show the same performance. We can see from Figures 17 and 27 that, in the presence of, the temperature and
concentration are falling as the chemical reaction parameter increases.
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Figure 34. Concentration profile for various values of K

Table 1 displays skin friction, Nusselt number, and shear wood number, which are consistent with earlier research.
The skin friction coefficient decreases when development occurs, whereas the parameters show the opposite trend
(Table 2). When the parameters are included, the Nusselt number rises, and when the parameters are excluded, the
Nusselt number decreases (Table 2). For the parameters, the opposite result is seen when the mass transfer rate

decreases. Pr, Ec (Table 2).

Table 1. Values of " (0), —0'(0), —¢'(0)for N, = §, =6 = S =0 and non-dimensional parameters.

p M | Pr | R| Ec | K |N | K | B | 6 S 7"(0) ) —4(0)
0 0 0 0 |0 0 0 0 0 [0 |0 [0.759875 0.0615431 1.4957
0.1 0.759775 0.0699181 1.53978
0.2 0.753338 0.0779771 1.58098
0.3 0.741848 0.0855734 1.61892
0.1 0.740226 0.0864321 1.62315
0.2 0.738348 0.087386 1.62785
0.3 0.736152 0.0884532 1.63309
0.1 0.752703 0.159365 1.50014
0.2 0.743802 0.117561 1.57161
0.3 0.729837 0.0679804 1.6839
0.1 | 0.717368 0.0620508 1.78433
0.2 | 0.7057 0.0570051 1.87847
0.3 | 0.694696 0.052655 1.9674
0.01 1.256512 0.1547812 1.254874
0.02 1.325413 0.1454217 1.225487
1 0.785213 12154784 1.254784
2 0.795846 1.3524781 1.226487
2.2 0.759875 1.2345478 0.984577
4.2 0.745412 1.2254784 0.995841
2 0.859875 1.5414784 1.024578
4 0.959875 1.6457841 0.985689
0.01 0.689875 0.2514782 1.02548
0.02 0.659875 0.3215478 1.032659
0.5 0.541741 0.2154784 1.312154
1 0.442156 0.2165478 1.301215

Table 2. /'(0) for flow over a plate whend =0==S =k.

Verma et al. [33]

A=e=0=5=K=0

Ishak et al. [32]
A=0

Blasius [31]

Dey et al. [30]

Present work
B=M=R=K=0

0.33206

0.3321

0.332

0.332566

0.3321265

The

4. CONCLUDING REMARKS

flow of a Stefan-Cassonnanofluid across

a plate has been studied -considering radiation,

magnetohydrodynamics (MHD), shear flow, and porous material. The consequences of the Thompson-Troian slide at
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the border were also investigated. When the research compared the numerical answers to the existing data, it discovered

a very good match. The findings led to the following observations being made.

(1) As the thermophoresis parameter values increase and decrease, the temperature rises. For increasing values of

the Brownian motion parameter, concentration is seen.
(i1) As the chemical reaction values rise, the temperature drops and the concentration fluctuates parameter (k).
(iii) The liquid absorbs heat from the plate.
(iv) The skin friction coefficient decreases as the Stefan blowing parameter S increases.
(v) As slip parameter 6 and critical shear rate  increase, the mass transfer rate decreases.
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Y mili poGori Mu mnoBimomiasiemo 1mpo BIMB edekra TommcoHa, koB3aHHS Tposna Ta Credana Ha IOBERIHKY
Marzitorigpoxuaamiuaoi (MIJ]) xaccoHoBoro HaHO(IIOIMYy dYepe3 MOPHUCTE CEpeNOBHIIE IIiJ Yac XimiuHol peakmii. Mm Takox
JIOCIIZKYEMO BIUIMB [IApaMeTpPiB BUIPOMiHIOBaHHs, [IPKOYIEBOro Teria Ta po3MOily MIBUAKOCTI 3a JOMOMOTroI0 1Boda3zHoT Mozeni
Jutst HaHoQuToiniB. [lepeTBopeHHs NOMiOHOCTI MOYKHA BUKOPHUCTOBYBATH ISl IEPETBOPEHHS IEPBUHHUX IH(epEeHIiaIbHIX PIBHSIHB i3
yactuHauMH noxinaumu (PDE) y 3Buuaiini audepenuiansHi piBusaus (ODE). st BupilieHHsT HeNMiHIHHUX PiBHSIHb BUKOPUCTAHO
anroputMu MATLAB Shooting i Runge-Kutta. Bapiauii 6e3po3mipHux nmapaMeTpiB MOKasyroTh BIUIMB Ha MacoOOMiH, TEIio Ta
BJIACTHBOCTI MOTOKY pinuHHu. [TokazaHo, o koedilieHT TOBEPXHEBOTO TEPTS 3MEHIIYETHCS 31 30UIBIICHHSAM MapaMeTpa S BUAYBaHHS
Credana. [3 30inbpIIeHAAM 3HaYeHb TapaMeTpiB koB3aHHS TomrcoHa i TposiHa KOHIEHTpALis PIMHU 3MEHIIYETHCS. 31 301TbIICHHAM
i k Temiora pizuHM 3poctae, ane i KOHIEHTpamis magae. Pe3yabTaTd MO0 aHaNi3y HAJArOTh KUTbKAa NMPUBAOIMBUX aCHEKTIB, SKi
JTalyTh MOMJIMBOCTI JUIS TIOJAJIBIIOTO BUBUESHHS IIPOOIEM.

Kumrouosi cioBa: Kaccon, ximiuna peaxyis;, MI/l; nopucmuii; sunpominiosanns, Tomncon i Tposin koe3anms



