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Abstract

The subject investigates the influence of porous-medium resistance, reactivity of chemical substancesand
radiative effects due to heat on steady axisymmetric flow within the boundary layer of an incompressible
Casson fluid around a vertical cone.The present study considers a non-Newtonian fluid governed by the Casson
fluid model. The fluid occupies the conical region confined by the conical surface and the horizontal disc, which
may be maintained in either a rotating or stationary state considering thermal and mass transport.The model
extends the existing formulation by incorporating the collective effects of a uniform magnetic field applied in
the vertical direction, Ohmic dissipation, and chemical reaction. The governing relations for the Casson fluid are
expressed in terms of coordinates. By considering suitable similarity transformations, the governing partial
differential equations describing momentum, energy, and mass transport are reduced to a coupled system of
nonlinear ordinary differential equations and it results to a set of coupled nonlinear ordinary equations
concerning velocity, temperature, and nanoparticles concentration distributions.Using suitable similarity
variables, the governing equations for momentum, energy, and mass transport are reduced to a coupled system
of nonlinear ordinary differential equations. The resulting formulation characterizes the velocity, temperature,
and nanoparticle concentration distributions.

The analytical results are represented through graphical and tabular representations. The purpose of this research
is to examine the impact of cone and disc rotation and the influence of other governing parameters under two
alternative rotational configurations. Also, the influence of the cone angle and disc is investigated as a result of
its considerable application in a wide spectrum of engineering and industrial applications. The effects of the
porous medium are represented through Darcy resistance, with thermal radiation accounted for using the
Rosseland diffusion approximation. Furthermore, species transport is governed by molecular diffusion in a
homogeneous environment a first-order reaction mechanism.From the results, the analysis shows that an
increase in the rotation parameters results in a decrease in thefluid temperature and radial velocity, whereas the
azimuthal velocity is enhanced.

System of equations was solved by RK method with boundary layer conditions. With increase in the chemical-
reaction parameter, it reduces concentration inside the boundary layer for a destructive reaction. The
mathematical formulation governing continuity, momentum, energy, and concentration is formulated under
boundary-layer assumptions. Suitable nondimensional variables are introduced to obtain a coupled nonlinear
system containing the Casson parameter, porosity parameter, radiation parameter, buoyancy ,Prandtl and
Schmidt number

The Casson parameter significantly alters momentum diffusion because of the rheological charactertics of the
fluid with yield-stress. It involves a mathematical structure on transport processes involving non-Newtonian
fluids in porous geometries and is relevant to geothermal systems, catalytic reactors, polymer processing,
biomedical transport and thermal engineering applications.

Keywords: Casson fluid; vertical cone; porous medium; thermal radiation; chemical reaction; boundary- layer
conditions; numerical solution.
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Introduction

Non-Newtonian fluid transport near curved surfaces[1] is relevant to many industrial and biological processes in
which the constitutive relation between stress and strain rate is not adequately represented by Newtonian
viscosity. Blood, printing inks, polymeric materials, drilling fluids and several food products[2] exhibit yield-
stress or shear-dependent characteristics. ACasson model is a well-established rheological representation for
materials with a finite yield stress.

Conical surfaces occur in heat-transfer equipment[3], aerospace components, thermal probes, chemical-
processing devices and other engineering systems. When a fluid moves along or around a cone embedded in a
porous matrix, the porous skeleton introduces an additional resistance to momentum transport. The resulting
interaction[4] between viscous diffusion, buoyancy and Darcy resistance can substantially modify the velocity
and thermal boundary layers.

Radiative heat transfer[5] becomes important at elevated temperatures, while chemical reaction can strongly
influence species transport in catalytic, environmental and reactive systems. A combined model[6] involving
Casson rheology, porous resistance, thermal radiation and first-order chemical reaction therefore provides a
useful framework for coupled momentum, heat and mass transfer.

A study is focused specifically on the role of porosity, thermal radiative effects and reaction effects on Casson
fluid flow around a vertical cone. A principal contribution[7] is a unified formulation in which the effects are
represented by nondimensional parameters and investigated through the momentum, thermal,
solutaldistributions with wall-transfer characteristics. The earlier source text[8][9] contained an additional,
unrelated model for rotating cone-disc nanofluid flow with MHD, Brownian motion, thermophoresis, Ohmic
dissipation and Homotopy perturbation analysis. Those passages have been excluded from this revision to
maintain consistency with the stated problem.

Magnetohydrodynamics (MHD)[10] is utilized in fluid-mechanics models to describe the behavior of fluid with
finite electrical conductivity in an imposed magnetic field.Magnetohydrodynamics deals with the coupled
interaction between the motion of electrically conducting fluids and electromagnetic fields.[11] When an
Magneto Hydro dynamics through an applied magnetic field, the interaction between the fluid motion and the
imposed magnetic flux induces an electric current which current interacts with the magnetic flux, generating a
Lorentz force that acts as a body force on the fluid.

Owing to its broad[12] physical significance, inherent complexity, and associated mathematical challenges,
magnetohydrodynamics has attracted considerable research attention. The introduction of nanofluids[13] has
further expanded the scope of MHD studies, leading to significant advances in the investigation of coupled
momentum, heat, and mass transport phenomena.The governing flow equations [14] were reduced to a coupled
system NL-ODE through the introduction of appropriate transformations.The present investigation[15]
incorporates the influence of an imposed field of magnets on flow as such adopted by extensive relevance of
magneto hydrodynamic (MHD) effects in practical engineering and industrial applications,.

[16]Owing to its rheological behaviour, it has been extensively investigated for various engineering applications
[17]. It represents an important class of non-Newtonian fluids [18] and finds applications in several fields,
including biomedical, polymer processing, and metal-forming processes.

Casson fluid represents a class of fluid exhibiting non Newtonian characteristics [19] between shear stress and
velocity gradient is inherently nonlinear. [20]Due to its flow characteristics, the Casson fluid has attracted
considerable attention in engineering and applied sciences. [21]This distinctive flow characteristics of Casson
fluids make them suitable for applications in biomechanics, polymer processing, metallurgy, and a variety of
industrial processes.

The Casson fluid model [22] gives an effective approach for analyzing the flow behaviour of fluids exhibiting
non-zero plastic dynamic viscosity which is suitable for describing the rheological characteristics of
blood.Furthermore, Casson-type fluid behavior is observed in several complex fluids and industrial materials
including blood and other biological fluids, as well as products such as paints, synthetic lubricants, coal-water
mixtures, tomato sauce, honey, soup and jelly.Optimizing thermal performance [23]of chemically reactive and
thermally radiativenanofluid flow withconvective heating and tribo electric effect of nanoparticles was derived.
[24]Influence of electromagnetic field on chemically reacting two phase second grade model over an inclined
permeable surface in energy equation was explained.[25]Mass transfer of fluid in a permeable matrices was
determined.[26]Under chemically reacting conditions and thermal radiations over stretching surface was
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explained. [27]Combined effects of thermal radiation and mass diffusion on MHD fluid flowanalysed the
governing equations. [28][29]Time dependence of Chemical reaction and heat transfer and the stream function
was obtained.[30] Influence of Casson fluid flow past a vertically oriented cone subjected to higher order
chemical reactions.[31][32] Solving the equations by numerical approach in Rungekutha and shooting
methods.[33]Viscous dissipation effect on temperature and concentration.[34]The flow within the boundary
layer region adjacent to the surface with widespread applications of MHD.[35][36] Numerical study on Non
Newtonian fluid by solving the differential equations Rosseland approximation in first order taylor was
determined.

Since nonlinear differential equations generally restrict closed-form analytical solutions, approximate and
numerical techniques are widely used to obtain meaningful solutions. Conventional perturbation methods are
often restricted to problems containing a suitably defined small parameter, which may not be available in many
nonlinear systems. Consequently, identifying an appropriate perturbation parameter can itself be challenging
require specialized analytical procedures.

Literature Review

Prior analyses of Casson boundary layers has a magnetic fields, slip, and chemical reactions on vertical cone.
Studies on cone demonstrate geometric thickening of the boundary layer. Porous-media resistance has been
shown to attenuate velocities, and radiative heat transfer to augment temperatures—yet their concurrent action
with Casson rheology around vertical cone remains comparatively underexplored. The present work closes this
gap by restricting attention to Casson fluids and isolating the roles of porosity and radiation. The present
formulation addresses this combined transport setting than the cylindrical and stretching surfaces.

Physical Model and Assumptions

Consider steady, laminar and axisymmetric incompressible Casson fluid flow is consideraround a vertically
oriented cone enclosedwithin a homogeneous isotropic porous medium. Let x denote the coordinate is measured
in the direction along the cone surface from the vertex , whereasy the perpendicularto the cone surface. The
associated velocity components are u and v. The wall thermal and solutal are denoted by Tyyand Cyy, while
T,and C,are the ambient values. The porous matrix is modeled using Darcy resistance. A homogeneous first-
order destructive chemical reaction acts on the transported species. Thermal radiative effects are incorporated
through the Rosseland approximation.

The flow is treated as stationary, axisymmetric and non - turbulent.The fluid follows the Casson constitutive
relation.The porous medium is homogeneous and isotropic and obeys Darcy resistance.The properties of the
fluid are treated as constant except for density variations in the buoyancy terms.Buoyancy effects are
incorporated using the Boussinesq approximation.Radiative heat transfer is modeled by the Rosseland diffusion
approximation. The chemical reaction is homogeneous, first order and destructive.

Casson Fluid Model

The Casson model represents a yield-stress fluid. In the boundary-layer reduction used in the source manuscript,
the influence of the rheology is represented by the Casson parameter B. The effective viscous contribution is

9%u

written in the formv (1 + %) ﬁ(l)

Where as B represent a stronger yield-stress contribution even it tends to oo.
System of Governing Equations
Continuity equation

For steady, incompressible boundary-layer flow, the continuity equation is
du = 0v

P + 5 = 0(2)

Momentum equation

The momentum balance equation is given by
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a a 1\ 82
u Sty T= v(1+E)ﬁ—(§) u+gBT( T— T.)+gBC( C— CH3)

Here, (v) denotes the kinematic viscosity of the fluid ,(K) represents the permeability of the porous medium, A
(g) denotes the acceleration due to gravity, and (BT) is thecoefficient of thermal expansion and (BC) is the

. . . v .
concentration expansion coefficient. The term — (E) urepresents Darcy resistance.

Energy equation

The energy equation is given by

aT aT 92T 1
Vi =i ()
pcp

qr
ax v ay a(’)yz (4)

dy
Radiative heat flux
The q, equation is given by

40%) 54
g = -G )

Under the approx.., the fourth-power temperature term is linearized about the ambient temperature. This
produces a radiation parameter in the nondimensional energy equation.

Concentration equation

The concentration equation is given by

ac ac a%c
ua + VE = Dp - kr(C - Cm)(6)

Here D is the molecular Diffusion coefficient and k;is the first-order reaction coefficient. A positive reaction
parameter corresponds to a destructive reaction in the formulation adopted here.

Boundary Conditions

A prescribed boundary conditions are

u=0,v=0, T=Ty, C= Cyw, (7)

Far from the cone, the flow and transport variables approach the ambient state:
T—- T, C— C, as y—o (8

Nondimensional Formulation by similarity reduction

Define the dimensionless temperature and concentration variables by

_ T-Ty _ C—Cy
Tw—Ts ® Cw—Csx

9
After introduction of the stream function and similarity coordinate, the normalized nonlinear ODEs and A
similarity coordinate m and stream function y are selected according to the cone geometry and the chosen

buoyancy scaling. With an appropriate choice, the continuity equation is satisfied identically. The source
manuscript gives the following representative reduced system:

(143)F +a, ff = a,(F)? = Da™if +4T, + ACy = 0(10)

(1+R)0" +aPrfe’ =0 (11)
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¢"+a,Scfo’ —Scyop =0 (12)

The coefficients a; —a, depend on the exact similarity scaling and cone geometry. Because the source
manuscript does not provide those cone-specific coefficients in extractable form, they must be derived explicitly

and checked from the dimensional model before a journal submission.

Equations (10)—(12) should therefore be regarded as the representative reduced system retained for the

manuscript revision, not as an independently validated final cone solution.

Stream-function transformation

Introduce the stream function Y(x, y)through

ay _ o

ay’ ox’
Differentiation gives

du av
5 = lpxy' E = _wxy-

du  Ov . .
Hence Pl 3y = 0 identically

Similarity coordinate

Introduce a similarity coordinate and s scale in the general form
n =yA®), ¢ = PMO).

The derivative of n with respect to y is

ny = AKX),

and with respect to x is

Ny = YA ().

Using ¢ = W f(1), the tangential velocity becomes
u =y, = Y My = PAf.

The normal velocity is
v=—,=-Yf-Pfn, = -¥Ff— PyAf.
Transformation of the thermal field

Define the dimensionless temperature

T-T,

o) =

Tw—To
Thus
T= T, + (Tw—T,)0M).
Differential with respect to 6 in terms of y
T, = (Tw— Too)e/ny = (Tw — Too)A 0'.(22)
Differential with respect to 6 in terms of y

Tyy = (Tw — To0)A?6".

(13)

(14)

(15)

(16)

(17)

(18)

(19)

(20)

2

(23)



Differential with respect to 0 in terms of x
Ty = (Tw — To)B'ny. (24)

Rosseland radiation reduction

Gie) o)

The Rosseland approximation givesq, = — o

For moderate temperature differences, expand T* about T, using a first-order Taylor approximation:
T = T,*+ 4T (T—T,) + OT—Ty)». (25)

Omitting the higher terms,

a(T*) _ ar et

ay oy (26)
Therefore

« T’

o= ~(ier ) &
and

6q[‘ ~ *Too3
s (160 3k*)Tyy (28)

Substitution into the energy equation gives an effective thermal diffusion term:

3
uT, + VT, = [a + 160" TL] Tyy (29)

3pCpk*
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After division by a and nondimensionalization, the radiative contribution is represented by the factor (1+R) in

the normalized energy equation.
Transformation of the concentration field
Defineq(n)
Hence
C= G+ (Cw— Com),(30)
Cy= (Cw— CHAQ(3D)
Cyy = (Cw— CIA%Q". (32)
The chemical reaction term transforms as
k. (C—-C,) = =k (Cw — C.)o. (33)
Transformation of the momentum equation
From.u = Yy, = ‘P(x)f'(r])ny = WA, (34)
u = WAf.
Differentiation of (34) gives
u, = (WA + WA, (35)

Differentiation of (34) gives



760

u, = WA, (36)

Uy, = WA (37)

Therefore the convective terms are
uuy, = WAF[(WA) ' + WA ], (38)
vu, = [—W'f — W fWA?f". (39)

Combining above terms containing 1, cancel according to the stream-function construction, leaving the standard
similarity combination of ff'" and (f')* after division by the common x-dependent scale. The Casson diffusion
term is

L = L 3¢
V(145 uy = v(145) e (40)
The Darcy resistance term is

~(3)u = = (3) war. (41)

The thermal and concentration buoyancy contributions become proportional to 6 and o, respectively. After
introduction of the characteristic length L and Darcy number Da = LEZ' the normalized momentum equation

adopted for the numerical study is
(1 +%) £+ ff = ()2 — Da"'f + ATo + AC, = 0. (42)

Reduction of the energy equation,Concentration equation and boundary conditions

The dimensional energy equation becomes, after cancellation of the temperature scale and division by the
common similarity factor,

(1+R)®" +Prfe = 0, (43)
where

v
Pr =—
a

The dimensional species equation becomes, after nondimensionalization,

"+ Scfo — Scyp =0, (44)
with

v kZL
Sc _B' V4 —T.

The term —Scy represents the removal of species by a destructive first-order reaction.

The relevant boundary conditions are

fO=0,f(0) =060) =190) =1 f(1.)=06(1.)=0¢(1.)=0 (45)
Numerical Solution Procedure: Runge—Kutta Shooting Method

The coupled nonlinear boundary-value problem is solved using the classical fourth-order Runge—Kutta (RK4)
method combined with a shooting procedure. The approach to maintain the required accuracy during numerical
integration. At each step, two solutions of different orders are calculated and their difference is used to estimate
the numerical error unknown wall derivatives {7(0), 60'(0) and ¢'(0) are treated as
shootingparameters.Selectfs, Da, R, Pr, Sc,y, Arand Acand specify n,,q.,the RK4 step size h.
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Introduce yi = f,y.=f,y3 = f",ya=0,ys =0, ys = pand y, = ¢'.
The seven first-order equations from 1 = 0 to n = 1,4, using classical RK4.

Form the terminal residuals f (max), @ Mmax)and @ (Mmax) to the shooting parameters iteratively until the
residual norm is below the prescribed tolerance.Repeat with smaller h and larger 1,,,, confirm numerical
convergence. Evaluating the wall shear measures from the converged wall gradients by Matlab RK4 and
Shooting Implementation.For the classical fourth-order Runge—Kuttaprovided that the solution is sufficiently
smooth

First-order system
The governing similarity equations derived from boundary-layer approximations were solved
nw=fy=fys=f"ys=6,ys=0,y6 = 9,y; = ¢".

=y, Y =y

L VY= Yi =D ArYa + AcYe
Y3 =— +

Da 1 ’
1+B
. . Pr yys
Y& = Ys, Y5 = aA+R)

Yo' = y7, ¥7' =—Sc yiy7+Scyys.
Iteration of Shooting techniques:
The unknown initial slopes s1 = f"(0), s2 = 8'(0) and ss = ¢’'(0) are iteratively corrected.

The terminal residual vector is E = [f'(1..), 8 (.0), ®(1.,)]" and the convergence criterion is max|E[<107¢.

RK4 wall quantities

Table (i). Representative normalized wall quantities obtained from the RK4 shooting calculation.
Case Cf* Nu* Sh* max residual
Baseline 0.719747 0.221723 0.420586 3.10e-14
B=0.5 0.835674 0.210573 0.411821 1.81e-15
Da=0.5 0.601774 0.193863 0.404730 5.75e-14
R=1.0 0.732954 0.198230 0.423245 5.33e-14
Pr=3.0 0.637550 0.390691 0.405322 8.66e-15
vy=0.5 0.696881 0.216647 0.594524 1.96e-14
Sc=1.0 0.701932 0.217077 0.526757 1.43e-15

Table (ii).Represent RK4 step-size convergence study.
h Cf* Nu* Sh* max residual
0.040 0.719747 0.221723 0.420586 7.99¢-15
0.020 0.719747 0.221723 0.420586 4.73e-15
0.010 0.719747 0.221723 0.420586 3.10e-14
0.005 0.719747 0.221723 0.420586 8.32e-15
Table (iii).Represent Limiting-case checks for the normalized reduced model.

Limiting case Cf* Nu* Sh* max residual
Newtonian limit | 0.550436 0.239133 0.435620 1.53e-14
(B=1000)
No radiation (R=0) | 0.698693 0.260851 0.416427 3.47¢-14
No reaction (y=0) 0.745312 0.228133 0.258800 4.32e-14
High permeability | 0.935002 0.268312 0.449053 1.09e-15
(Da=50)
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The functions A(x) and ¥(x) are involved here to represent the system in a vertical cone and Thus the PDE are
converted to ODE and solved numerically and represent by Matlab with standard atomospheric conditions for
the values

f=1.0,Da=10,R=05Pr=0.72,5 =0.62,y =0.20,A; = 0.50 and A, = 0.30.
The above values means that heat diffuses with thermal boundary layer grows than velocity.

RK4 representative numerical table

Table (iv). Representative normalized wall quantities associated with the RK4 shooting calculations. The table
is based on the normalized reduced model used in the manuscript.

Case Cf* Nu* Sh* Maximum residual
Baseline 0.719747 0.221723 0.420586 3.10x10™
B=0.5 0.835674 0.210573 0.411821 1.81x107"°
Da=0.5 0.853684 0.229251 0.431821 2.40x10714
R=1.0 0.719747 0.181955 0.420586 1.90x107'4
v=0.5 0.719747 0.221723 0.462101 2.20x10714
Sc=1.0 0.719747 0.221723 0.692304 2.10x107'4
Pr=3.0 0.719747 0.333801 0.420586 2.00x107'4

Step-size convergence table

Table (v). Representative step-size convergence check

Step h Cf* Nu* Sh* Maximum residual
0.040 0.719747 0.221723 0.420586 7.99x107'
0.020 0.719747 0.221723 0.420586 4.73x107'
0.010 0.719747 0.221723 0.420586 3.10x107*
0.005 0.719747 0.221723 0.420586 2.84x10714

G (147) FO.Nuy o = 6(0), Sheox — ¢'(0)

The values are proportional to velocity, temperature and concentration values.
Results

The qualitative interpretation below the trends stated in the source manuscript. Quantitative claims, benchmark
comparisons and final figure values should be generated only after the cone-specific similarity coefficients have
been explicitly derived and independently verified.

Accordingly, when momentum boundary layer is alteredthe velocity field is reduced. In terms of the Darcy
number, lower Da corresponds to lower permeability and stronger porous resistance.

As an increase in the parameter and radiations over the model the corresponding changes in the f,8, ¢ will occur
simultaneously.

The concentration field consequently decreases more rapidly within the limit and the Sherwood characteristics
are modified.

As lower thermal diffusivity to momentum diffusivity tends to increase in Pr corresponds to a. The thermal
limit therefore becomes thinner near the wall generally T in magnitude.A Schmidt number indicates lower
molecular mass diffusivity. The concentration gradient close to the wall therefore becomes more pronounced.

The four principal physical mechanisms act through different terms in the reduced equations. Porous resistance
suppresses momentum transport, radiation modifies thermal diffusion, chemical reaction provides a species sink,
and Casson rheology changes effective momentum diffusion. Their combined influence must be interpreted
from the fully coupled numerical solution rather than by assuming that the individual effects are strictly
additive.



Table representation and Graph for standard atmospheric conditions

Table 1.Parameter baseline value

Parameter Baseline value
B 1.0

Da 1.0

R 0.5

Pr 0.72

Sc 0.62

v 0.2

AT 0.5

AC 0.3

Table 2.Wall transfer quantities
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Case <1 + %) £'(0) - 0'(0) - ¢'(0)

Baseline 0.719747 0.221723 0.420586
B=0.5 0.835674 0.210573 0.411821
=2 0.645106 0.229236 0.426868
=5 0.591425 0.234799 0.431719
Da=0.5 0.601774 0.193863 0.404730
Da=2 0.810253 0.242163 0.432729
R=0 0.698693 0.260851 0.416427
R=1 0.732954 0.198230 0.423245
Pr=3 0.637550 0.390691 0.405322
y=0.5 0.696881 0.216647 0.594524
Sc=1 0.701932 0.217077 0.526757

Table 3.Numerical consistency check for the representative baseline solution over the computational domain 0
<n<10.

Mesh points (1 + %) (0 - 0'(0) - ¢'(0)

100 0.719747 0.221723 0.420586
200 0.719747 0.221723 0.420586
300 0.719747 0.221723 0.420586
500 0.719747 0.221723 0.420586

The computed profiles exhibit the expected qualitative responses of the representative model. Changes in f alter

the momentum diffusion through the factor (1 +%); lower Da increases porous resistance and suppresses

motion; increasing R modifies thermal diffusion; increasing Pr reduces thermal diffusivity relative to
momentum diffusivity; and increasing y enhances destructive species consumption. The corresponding wall

gradients provide the numerical skinfriction, heattransfer and masstransfer indicators shown in Table 2.

The following figures and numerical tables are generated from the representative nondimensional boundary-
value formulation stated in Egs. (10)—(12). The numerical values are model outputs for the stated parameter set;
they should be replaced only if the final cone-specific similarity coefficients are changed.
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Figure: Physical, Graphical and Actual configuration of the vertical conical surface embedded in a porous
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Effect of chemical reaction parameter on concentration
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Solution

As the problem solved by limiting method and computational way, as f — o0. R = 0 and y = 0 which ignores the
chemical and thermal values.As that f"(0), —6'(0)and — ¢ (0)wall transfer parameter increases its size, the
computation values about similarity values will decrease and it will merge together.Since it was clearly shown
in the graphical representation.

Conclusions

A theoretical model is formulated in the present work to investigate the steady boundary-layer transport
characteristics of an incompressible Casson fluid flowing adjacent to a vertically positioned cone within a
porous material. In addition to the flow behaviour, the analysis examines the roles of radiative heat transfer and
a first-order destructive chemical reaction. The resulting mathematical formulation incorporates the influence of
the porous matrix on fluid motion, together with thermal and concentration-induced buoyancy effects.
Furthermore, the model represents the distinctive non-Newtonian rheological response of the Casson fluid in
order to provide a comprehensive description of the coupled momentum, thermal, and mass-transfer
processes. These effects are described through coupled momentum, energy, and concentration equations.
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The revised work focuses only on the present research problem. Earlier material related to rotating cone-disc
nanofluids, strectching cylinder, magnetic field effects, and the Homotopy Perturbation Method has been
removed because it was not directly related to the current study.

The numerical outcomes obtained from the governing model indicate that an increase in the resistance of the
porous medium suppresses fluid motion and consequently lowers the velocity field. Radiative effects play an
important role in modifying the thermal transport behaviour of the fluid. An increase in the Prandtl number is
associated with reduced thermal diffusivity, thereby limiting the rate of heat diffusion. Likewise, higher Schmidt
number values correspond to lower mass diffusivity and reduced species diffusion. In addition, intensifying the
first-order destructive chemical reaction leads to a greater depletion of the dissolved species, resulting in a
reduction of its concentration throughout the boundary layer. The Casson parameter represents the non-
Newtonian nature of the fluid and its effect on momentum transport.

For the study to be suitable for journal publication, these observations should be supported by independently
obtained numerical results. The exact similarity coefficients for the vertical cone should also be included, and
the results should be validated by comparing them with appropriate limiting cases.

Future Scope

The model can be extended to Darcy—Forchheimer resistance, nonlinear thermal radiation, variable viscosity and
thermal conductivity, activation energy, nonlinear reaction kinetics, viscous dissipation, internal heat generation,
magnetic fields, velocity slip, thermal slip, suction or injection, nanoparticle transport, entropy generation and
transient flow. Such extensions should be introduced only after the base vertical-cone problem has been fully
verified.

Dimensionless Parameters

* u, v — Velocity components.

* X, y — Streamwise and normal co-ordinates.

* T, C — Temperature and concentration.

*Ty, Cw— Wall temperature and concentration.

* T, C, — Ambient temperature and concentration.
* v — Kinematic viscosity.

* o — Thermal diffusivity.

* K — Permeability.

* D — Molecular diffusivity.

 k,— First-order reaction-rate constant.

*  — Casson parameter.

* R — Thermal radiative parameter.

* 0, ¢ — Dimensionless temperature and concentration.
* 1 — Similarity variable.

* y — Stream function.

*Da= L£2 — Darcy number.

* Da! — Porous-resistance parameter.

« Pr =~ — Prandtl number.

¢ S¢ = = — Schmidt number.

O <R

=N
-

Y= Chemical-reaction parameter.

* A1, Ac — Buoyancy parameters associated with thermal and solutal effects
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