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ABSTRACT ARTICLE HISTORY

In the current analysis, we delivered a computational approach to the 2D Received 3 April 2023
boundary layer heat and mass transfer flow of water-based nanofluids over Revised 28 June 2023

a vertical cone saturated by porous media with heat generation/absorp- ~ Accepted 2 August 2023
tion, thermal radiation, chemical reactions, the Soret-Dufour number, vis-

cous dissipation, and a magnetic field. The controlling partial differential Chemi .

. . R . . X emical reaction;
equations are converted into devoid of dlmen5|c_)ns fo‘rm f’:\l’?d nur_nerlcally dissipation; finite difference;
dealt with by Crank-Nicolson through an implicit finite difference free convection; mass
approach. Specifically, the given parameters, such as volume fraction (¢), transfer; MHD; nanofluids;
MHD-Magnetohydrodynamics (M), Soret/Dufour (Sr-Du), viscous dissipation radiation; Soret-Dufour
(), chemical reaction (4), thermal radiation (Rd), and heat blowing/suction effect; vertical cone
(A), have an impact on boundary layer flow characteristics (velocity, tem-
perature, concentration, drag coefficient, rate of heat transfer, and mass
transfer rate) are thoroughly studied, and the outcomes are visually and
tabulated to demonstrate the actual significance of the problem.

KEYWORDS

1. Overview

Natural convection is a prevalent occurrence in which convective flow is naturally established in
a liquid body as a consequence of the formation of a pressure differential caused by a gradient of
temperature. Natural convection occurs when a fluid close to a hot source absorbs heat, and as a
result of thermal expansion, it becomes less dense and rises. In its location, a lighter or warmer
liquid displaces the adjacent colder liquid. A current of convection is created as a result of heat-
ing this colder fluid once more and continuing the process. It has numerous uses, including tem-
perature management, biological systems, and thermal energy preservation. The chilling of
electrical and electronic parts, air conditioner elements, and equipment in the steel industry all
benefit greatly from natural convection. Plain convective is favored for cooling since it does not
require any moving parts, making it quieter and more compact. Choi and Eastman [1] delivered
the first report of such work in this technique, combining various metals and metal oxides to
generate a nanosubstance. The procedure described by Xuan and Li [2] involves mixing
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Nomenclature
magnetic field induction (W m™) spatial coordinate perpendicular to cone
specific heat at constant pressure (J kg’1 generator (dimensional) (m)
K™ spatial coordinate alongside the cone gen-
concentration susceptibility erator (nondimensional)
coefficient of mass diffusivity spatial coordinate perpendicular to cone
Dufour number generator (nondimensional)
Gry Grashof number (thermal) (-)
Grc Grashof number (mass) (-) Greek symbols
g acceleration due to gravity (m s™%) p volumetric thermal expansion coefficient
k thermal conductivity (W K'm™) with temperature (K™
Kr thermal diffusion ratio (i.e., thermal to € viscous dissipation parameter (-)
mass concentration diffusion coefficients) ¢ nanoparticles volume fraction (-)
L reference length (m) u dynamic viscosity (kg m's™)
Nuy nondimensional local Nusselt number Unf nanofluid of the dynamic viscosity
Nu non-dimensional average Nusselt number (kg m'sh
Pr Prandtl number (-) v kinematic viscosity (m™"' s7)
R dimensionless local radius vy base fluid of the kinematic viscosity
Sr Soret number (m™'s™h
Shy nondimensional local Sherwood number y cone apex half-angle (degree)
Sh nondimensional average Sherwood density (kg m™)
number Pnf nanofluid of density
T temperature (k) Tx dimensionless local skin friction
T dimensionless temperature T dimensionless average skin friction
T mean fluid temperature
t' time (s) Subscripts
t dimensionless time f base fluid condition
(Y dimensionless velocity in X, Y direction nf nanofluid condition
uv dimensional velocity in the direction of x, s nanoparticles condition
y axes (ms™') w wall condition
b spatial coordinate alongside the cone gen- 0 ambient condition
erator (dimensional) (m)

nanophase particles with a base fluid and evaluating the results. Choi et al. [3] observed a sub-
stantial rate of heat transfer while embedding nanotubes into ordinary fluids. The buoyancy pro-
duced by a sticky nanofluid flowing over an upright cone implanted in a spongy medium has
been studied by Otegbeye et al. [4]. Cheng [5] examined how Sr and Du affect the peripheral
layer current caused by plain convective thermal and species transference in a spongy medium
with invariant wall temperature.

The Soret and Dufour effects on the boundary layer flow resulting from natural convection
heat and mass transfer around a vertical cone in a fluid-saturated porous medium with continu-
ous wall heat and mass fluxes were studied by Cheng [6]. The electromagneto-hydrodynamics of
a substance that reacts with Casson fluid in two distinct shapes was explored by Basha et al. [7]
and demonstrated to be affected. Basha et al. [8] studied the effects of the Lorentz force on the
fluid transport properties of a chemically reactive nanofluid with two different configurations.
Buddakkagari and Kumar [9] explored the 2D transient hydrodynamic boundary layer flow of an
incompressible Newtonian nanofluid past a cone as well as a plate using constant boundary con-
ditions. Reddy and Chamkha [10] used two different types and sizes of nanoparticles in an
upward-pointing cone to study the impact of thermic radiative as well as the procedure of chem-
ical on thermal as well as mass transference in a simple convective nanoliquid periphery layer
current. The movement of heat and mass along a vertical cone with thermal radiation and chem-
ical responses was numerically investigated by Reddy and Chamkha [11]. An upright inclined
plate or cone with a heat blowing/suction was reported to have the MHD mass transfer flow of
an incompressible viscous fluid clarified by Sambath et al. [12].
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The effect of thermal radiation on an incompressible viscous fluid passing through a vertically
inclined plate in an unstable laminar free convective MHD flow under the influence of a heat
source and sink is studied by Sambath et al. [13]. Sambath et al. [14] studied the characteristics
of a heat source, chemically reacting radiative, viscous dissipative MHD flow of an incompressible
viscous fluid through an upright cone under inhomogeneous mass flux. The influence of cross-
diffusion on the drag coefficient, the thermal as well as mass transference from an upright cone
in a spongy media was studied by Awad et al. [15]. An illustration of 2D MHD heat and mass
transfer boundary layer flow through saturated porous media by Sreedevi et al. [16] is presented.
Rashad and Chamkha [17] investigated the impact of Du and Sr on heat and species transfer in a
non-darcy convective boundary layer flow around a permeable frustum cone. Reddy and
Chambkha [18] used Sr/Du effects, thermal radiation, and a magnetic field to investigate the flow
of heat and mass transfer properties of water-based nanofluids over a stretched sheet via a porous
media. Mohiddin et al. [19] analyzed the flow of heat and mass flux in an incompressible laminar
boundary layer around a vertical stationary cone driven by viscoelastic buoyancy. Mohiddin and
Varma [20] explored the numerical analysis of buoyancy-driven, unsteady natural convection
boundary layer flow across a vertical cone embedded in a non-Darcian isotropic porous regime.
This mathematical model’s heat and mass flux technique is based on water nanofluid flows via an
upright cone and has been examined by Ragulkumar et al. [21] for MHD, radiation, and chemical
reactions.

The MHD of a water-based nanofluid flow via an upright cone is examined in this paper by
Ragulkumar et al. [22] using a mathematical approach. The heat and mass transfer properties of
an inclined vertical plate embedded in a porous medium were studied by Reddy et al. [23].
Chamkha [24, 25] used distinct geometry to associate thermal as well as species transmission by
plain convective in the effect of an MHD and Rd effect. The flow of an electrically conducting
and heat-generating/absorbing fluid in a channel embedded in a homogeneous porous media is
described by Chamkha and Quadri Ali [26] as a non-Darcian mixed convection flow. A perme-
able horizontal cylinder immersed in a homogeneous porous medium was used in Prabhavathi
et al. [27] study that investigated coupled heat and mass transport by natural convection in the
presence of the magnetic field, porous medium inertia, and heat generation/absorption effects.

It is a study dealing with the Soret/Dufour phenomena on plain convective nanofluid flow
across a vertical porous cone surface with various quantities of thermal as well as mass transfer-
ence. It is investigated how thermal and mass are transferred from the cone to the nanofluid by
immersing it in a fluid containing nanoparticles. The part that examines whether the occurrence
of thermal and species transfer alters with the inclusion of fluid parameters. Furthermore, we
have visually demonstrated how thermal and mass current conditions affect nanofluid attributes
during heat and species transmission.

On the upright conical application side, the conical continuous mixers have their main pur-
pose of constantly mixing, loading, and releasing the mix until all tasks are completed, or a work
break occurs. The ingredients are constantly loaded into this mixer by screw feeders. Conical con-
tinuous mixers are frequently the ideal choice for high-volume tasks that require quickness and
effectiveness. Additionally, our more flexible mixer, the conical continuous mixer, can be utilized
to mix a variety of goods, including cookies, batters, icings, and pastes. The majority of cookies
and any other application where components must be blended prior to adding flour work best
with a conical continuous mixer.

In the event conical continuous mixers are used, the effectiveness of the grinding process is
noticeable as the mixer warms up on the cone’s slope surface. The temperature is conducted over
the surface of the cone as a result of the mixture being rapidly and frequently mixed. The ele-
vated temperature of the heated cone was then convective to its environs; this article goes into
depth about the heat transmission in these processes as well as their parametric properties.
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Figure 1. Physical model.

2. Analysis of flow problem

In this study, the magnetohydrodynamic (MHD) radiative nanofluid flow over an up-straight
cone porous surface has been investigated. This work has taken into account the impact of vis-
cous dissipation, chemical reaction, thermal radiation, and Soret/Dufour effects to manage heat
and mass transfer. The flow develops in an upward direction as a consequence of the cone’s
radius and half-angle being specified by r and y, respectively. The first and second terms on the
right side of velocity equation (Eq. (2)) are the thermal and species buoyancy terms, and the
hydromagnetic drag term is the last. The second component on the right side of temperature
equation (Eq. (3)) is associated with thermal radiation, the third term is the heat source/sink
term, the fourth term is the Dufour effect, and the last term is the viscous dissipation term. The
second and final component in the diffusion equation (Eq. (4)) is referred to as the Soret effect
and corresponds to a first-order chemical process.

A vertical cone of half-angle y embedded in a porous medium with Soret and Dufour effects
results in boundary layer flow because of natural convection. As portrayed in Figure 1, the vertex
of the entire cone serves as the origin of the coordinate system, with x expressing the coordinate
along the cone’s surface measured from the origin and y denoting the coordinate perpendicular
to the conical surface. The ambient thermal reading (temperature) and species are always lower
than Tw and Cw, respectively, that is, Tw > T, and Cw >C. The ambient temperature as well
as concentration are denoted by the notations T, and C,. A buoyancy force term is based on
the assumption that fluid properties are constant except for density variations. The controlling
equations for flow, thermal, and species transmission inside the periphery layer near the upright
cone can be represented in 2D coordinates (x,y), supposing that the thermal and species periph-
ery layers are appropriately thin relative to the nearby radius.

The basis of dimensional governing equations and the Boussinesq approximation are given as

Equation of Continuity

=0 (1)
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Equation of Momentum

Ou Ou  Ou (PBr)s (PBC)uys
—tu—+v ———(T' =T, )cosy + g——— (C' = C.,)cosy
oot ot Va8, Jeosy +g=, ) o
Y Fu o
T ke

Equation of Energy

or' 9T 9T 1 o*T ou\*> 9g, . ., . D,Kr[0*C
—tu——+v [k +unf<u> -4 +Q(T' = T.) + CCT (2)]
s-p

o " ox Ty (eep)y | O o) oy Iy
3)
Equation of Concentration
oc oc' oc 0*C DKy (O*T
— =D——-K/(C-C — |55 4
o T Wax Ty ~ P TRC -G+ <8y2> )
Initial as well as periphery conditions are
' <0:u=0,v=0T=T,,C=C_ forall x and y
' >0:u=0v=0, T(x)=T, +ax",C(x) =C_+ax" at y=0 5)
u=0, T'=T,, c=C at x=0
u=0 T — T, C —C as y— o0

where q,,(x) = ax", q,(x) = bx".
The density p,;, thermal expansion coefficient (pf),, and heat capacitance (pcy),, expressions
for nanofluids are presented.
Pup = (L= })ps + ¢py
(pB)uy = (1= 9)(pB); + ¢(pP);
(pcp)nf =(1- ‘b)(/’%)f + ¢(pcp),
knf _ ks + (n— 1k — (n—1)$p(ks — k)

K kot (n— ks + ¢k — k)
@_ 1
Ko (1-¢)**
The following nondimensional variables are introduced [14, 21]:
L _ _ tl G 1/2
X:f’y yGrl/4U:u—G 1/2V——GrL1/4,t:M
L I/f l/f L2
T — T’ c-C T, — T )L? cos
T / o > C = ' = > G gﬁf( 2 ) y >
Ty — T, Cy —C vi
-C L3 cos K I2 112
GrC:gﬁf( w 200) y,Pr:ﬁ,l: 1 GrL—l/z
s % vy K~k
BjL> . _ L _ DKy ' Ty — T’
MZlGrLl/Z,Sc:ﬁ,A: Qo G, 81 = T[Wiloo
1y D vi(pep)s Ty Cy — C
D,Kr C,, —C kik G L
Duy=-=" T w © Ry = 1 N:ﬁezi, R:i; r=x sin }.

CCpry Ty — T 40T’ Gr” o)y L
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The radiative heat flow qr is calculated using the Roseland approximation [24] and is repre-
sented by
40" 0T'4

= "3 dy ©)

Given that the temperature variations within the flow are sufficiently modest, T"* may be writ-
ten as a temperature-dependent linear function. Then, in the Taylor series about T/ , extending
" while ignoring higher-order terms has the form

T, 4 = 4T, 3T - 3T, 4 (7)
Substituting Egs. (6) and (7) in Eq. (3), we have
or e or’ ty or 1
or ox 9y (Qcp)nf "
2 xml 3 52y 2
o om(5) v ()
Equation of Continuity
WL Uy 9)
0X 0Y X
Equation of Momentum
%ﬂﬂ UZ;+VZ—§:A1 AZ(T)+A3(NC—MU)—W<KU—%) (10)

Equation of Energy

2 2
ﬂ—|—UE—I-VQ— lﬂiﬂ ! <3Rd+4)+AT—|—DuE+;e<a—U)

o Toax oy ke ProY?  Pr\ 3R Y2 (1- ¢ \aY
(11)
Equation of Concentration
ocC ocC aCc  10*C O*T
— 4+ U=+ V=5 +Sr——-1C 12
o Uox oy seavr oyt (12)
_ 1 — (1 _ (pB), —(1_ (pB"),
where, A; = P () A, =((1-¢)+ q5<pﬁ)f),A3 =(1-¢)+ ¢(p/}*)f’A4 o (/’Z;})f ,Form
of dimensionless initial and periphery conditions are
#<0: U=0,V=0,T=0,C=0 forall X and Y
>0: U=0,V=0, T=1, C=1 at Y=0 (13)
U=0, T=0, C=0 at X=0
U—0 T—0 C—0 as Y — o0

The form of dimensionless local coefficient of drag, the local rate of heat, and mass transmis-
sions are the relevant physical quantities and are each described as

1 ouU
T :7&5/4(—)
B Y ) vy

kns =X (ay)Y oGr'/*

kf Ty 0

X(ay)Y oGrl/4
Cy=o

NMX =

Shx =
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Additionally, the dimensionless average coefficient of drag, average rate of heat, and mass
transmission are described as follows:

1
(1-¢)" o \9Y/y_,

1 or

kf 0 TY:()
ol
i = agnte [ Kra g
o Cy=0

3. Finite difference formulation

All the guiding PDEs (9)-(12) incorporating initial and periphery conditions (13) are solved using
implicit finite difference schemes of the Crank-Nicolson type used throughout this work. Using
the relevant finite difference operator with grid discretization, the aforementioned PDEs (9-12)
are first transformed into finite difference equations that can be numerically computed, as shown

below:
k k k k
Ui,j+1 - Ui—+1}j + Ufj - Uzk—l,j + Ui,;'r—l1 - Ui—+1}j—1 + Ufj—l - Uik—l,j—l
k1 k+1 k 4%)( k1 k1 k k (14)
+ Vi,j - Ui,j—l + Ui,j - Ui,j—l Ui,j - Ui,j—l + Ui,j - Ui,j—l —0
2AY 4iAX
k+1 k k+1 k+1 k k k+1 k+1 k k
Uz‘,;‘r - Ui,j n U?‘A Ui,j+ - Ui—+1,j + Ui,j - Ui—l,j + V,k. Ui,j++1 - Ui,;r—l + Uz‘,j+1 - Ui,j—l
At b 2AX bJ 4AY
A A
— 4 [f(ﬂj}l + T + 5 (NG + ¢y - MUK + Ufj))] (15)
k k k
A Ub =2U ! + UL + Uy = 2U5 + Uy
+A4 3
2(AY)
k k k k k
Tyt =T Uk T = TEG + Ty = Thay | Do = Tt + T = T
A Y 2AX hj 4AY
k k k k k k
— As {kifi Ti,j+—11 - ZTJI + Ti,j++11 + Tijoy = 2T+ Ty 1 <3Rd + 4)
ks Pr 2(AY)? Pr\ 3Ry (16)
A ckrl —ackt ol 4 Ck | — 20k 4+ Ck
k+1 k k+1 k bj hj hjt+l hj—1 hj hjtl
(T + T5) + 5 (T;; +T;) + Du( 2477 }
2
+ Ag 6(U::}il_U::;—l;Z;Jij+l_Ulljj—l)
k+1 k k+1 k+1 k k k+1 k+1 k k
Gt - Uk Gl =Gl +C—CLy v Ciin—Clh+Cn =G
At b 2AX bJ 4AY
Ck+1 _ 2Ck+l Ck+l Ck _ ch Ck
. i i,j—1 ij + i, j+1 + i,j—1 ij + i,j+1 17
Sc 2(AY)? 17)
k+1 k+1 k+1 k k k
+Sr By 220 Ty Ty = 2055 4 T _ﬂ(c’fﬂ +Ck)
2(AY)? 20T

The x and y axes’ respective mesh positions are shown by (i, j). Evidently, the terms AX, AY,
and At refer to the phase dimensions in X, Y, and t, respectively, while the terms (n,n+ 1)
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indicate n and (n + l)th loops expressing for U, T, with C. The FDEs of velocity, thermal read-
ing (temperature), and species can be calculated using well-chosen invariant values. The derived
finite difference algorithm equations must be translated into an algebraic system of equations.
These algebraic tri-diagonal equations can possibly be solved using the Thomas technique. The
phase dimensions in the AX and AY axes have the value 0.05, the time step is set to At =0.01,
and the boundary conditions that correspond to y — oo are denoted by Xpax = 1 and Y =
20, respectively. The state of being in steady state happens when the variable being tested achieves
the tolerance level of 107°. Since the truncate problem in the FDM is O(At*> + AY? + AX) and
approaches zero as At,AY, and A X — 0, it is obvious that the system is compatible. Also, the
Crank-Nicolson system is always stable. The combination of compatibility and stability ensures
convergence. The Newton-Cotes closed integration formula is used to evaluate integrals. A five-
point approximation is used to assess the derivatives of dimensionless equations involving local
and average drag coefficients, local and average thermal transmit coefficients (Nusselt numbers),
and local and average species transference coefficients.

4. Result and discussion

Our aim is to highlight the role of physics in the system of flow by analyzing the effects of radia-
tive variable (Rd), magnetic parameter (M), viscous dissipation (€), chemical reaction (1), Soret
(Sr), Dufour (Du) effects, heat blowing/sink (A), volume fraction (¢), and nanoparticle types
(ALOs, Cu, Ag, and TiO,) on spatial velocity, temperature, and concentration within the bound-
ary layer in Figures 2-7. Here, Pr = 6.2, Sc = 0.61, M=0.5, 1=0.5, A=0.5, K=1, €=0.5,Rd =
I, Sr = 0.30, and Du = 0.20 are the default parameter values used in all finite difference
computations.

To represent the diffusion-thermo and thermal-diffusion effects, respectively, Dufour (Du) and
Soret (Sr) are nondimensional parameters that, by definition, can take on any value, provided
that the value of their respective products remains constant. As a result, it is anticipated that, in
the current scenario, the outcome will constantly remain the same (0.06), provided that the refer-
ence temperature T., and mean temperature T,, are both kept constant. Figures 8-10 depict a
plot of the impacts of the drag coefficient, heat transfer rate, and mass transfer rate in the pres-
ence of a cone-shaped porous surface, with a number of informative parameters (A, Rd, M, 4, ¢,
Sr, and Du) being used.

In Tables 2-4, the local skin friction, local Nusselt number, and Sherwood number values for
the nanofluids made of Al,O; and Cu are compared. A rising (M) value indicates an increase in
the local friction coefficient because of magnetic interactions among atoms contributing to sliding
friction, while a decreasing local Nusselt number and Sherwood number indicates a slower rate of
nanoparticle dissolution into water is evident in both Al,0; and Cu nanofluids. It is shown that a
rise in the local Nusselt number and Sherwood number corresponds to more active convection in
both Cu and Al,O; nanofluids, but a reserve pattern is seen in the skin friction coefficient with
growing values of (¢). Furthermore, these tables show that the skin-friction coefficient and the
local Nusselt number decline, whereas local skin friction increases as (Rd) grows for both Al,O;
and Cu nanofluids. According to reports, the local skin friction declines in Cu while it rises in
AlL,O; with greater (1) values. As the quantity (4) grows, the local Nusselt number in the Cu
enhances and reduces Al,O3. Sherwood number increases in both nanoliquids with (4).

4.1. Nanofluids

A representative velocity, temperature, and concentration profile for various nanofluids is pre-
sented in Figure 2, where M=1, K=1, Rd = 04, Sr = 0.20, Du = 0.30, A=1,A=1, and e =
0.6 are different dimensionless coordinates. As compared to other nanoparticles, silver causes
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Figure 8. Local and average Nusselt number for varying parameters.

high heat and mass transfer because of its viscous nature. In the graph, neither the temperature
nor concentration profiles show any noticeable change. However, based on the numerical values,
copper has a higher heat transfer capacity at velocity and temperature because delocalized elec-
trons inside metal lattices have the flexibility to travel freely within their lattice. In comparison,
silver has a higher heat transfer capacity at concentration, which has to do with its valence and
crystal structure.

4.2. Volume fractions

A typical profile of velocity, temperature, and concentration along a cone is shown in Figure 3
for different values of ¢ in the presence of a porous surface. The volume fraction increases as the
velocity and temperature rise because of the working fluid’s conductive heat transfer coefficient
climbing. The increase in the working fluid’s conductive heat transfer coefficient enhances the
conductive transmission of thermal energy within the working fluid, but the C (concentration) is
only declining. Moreover, the fluid resistance would rise as viscosity increased. This shows that as
the volume fraction grows, substantially higher forces are necessary to induce the liquid to flow.
Additionally, the ¢ represents the volume fraction of nanoparticles (Al,Os, Cu, Ag, and TiO,) in
the nanofluid, as shown in Table 1. It characterizes the concentration of nanoparticles within the
base fluid (water). The presence and concentration of nanoparticles influence the thermophysical
properties of the nanofluid and can affect the overall heat transfer and fluid flow behavior.

4.3. Viscous dissipation and radiation

The velocity, temperature, and concentration profiles are influenced by the € and Rd, as illus-
trated in Figure 4. As € and Rd increase, the heat transfer from a cone rises, affecting velocity
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Table 1. Water and nanoparticles: thermophysical characteristics [22].
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Physical attributes Water Aluminum oxide Copper Titanium dioxide Silver
p (kg/m3) 997.10 3970.0 8933.0 4250.0 10500
B x 1073(K) 21.0 0.85 1.67 0.90 1.89
k (W/mk) 0.613 40.0 401.0 8.9538 429
Cp (J/kgK) 4179.0 765.0 385.0 686.2 235
Table 2. Skin-friction coefficient as a function of several factors (ty).

Local skin friction

Parameters Prabhavathi et al. [24] Present results

M ¢ Rd 2 Al,O3 Cu Al,0; Cu
0.1 0.01 0.1 0.1 1.01431 0.97482 1.01562 0.97731
0.5 0.01 0.1 0.1 1.11614 1.07839 1.11217 1.08002
0.7 0.01 0.1 0.1 1.21037 1.17657 1.21123 1.17912
1.0 0.01 0.1 0.1 1.29734 1.26555 1.29854 1.26732
0.5 0.01 0.1 0.1 1.14833 0.94507 1.14872 1.94717
0.5 0.02 0.1 0.1 0.99597 0.97550 0.99012 0.97823
0.5 0.03 0.1 0.1 0.84003 0.83044 0.84113 0.83131
0.5 0.04 0.1 0.1 0.74516 0.74349 0.74721 0.74719
0.5 0.01 0.1 0.1 1.14833 1.11692 1.14911 1.11714
0.5 0.01 0.3 0.1 1.13967 1.10531 1.14001 1.10813
0.5 0.01 0.5 0.1 1.13254 1.10000 1.13516 1.10031
0.5 0.01 0.7 0.1 1.12655 1.05700 1.12913 1.05913
0.5 0.01 0.1 0.1 1.04128 0.98206 1.04316 0.98413
0.5 0.01 0.1 0.4 1.02721 0.96602 1.02801 0.96812
0.5 0.01 0.1 0.7 1.01772 0.95718 1.01823 0.95802
0.5 0.01 0.1 1.0 1.01055 0.95038 1.01111 0.95071
Table 3. Influence of several variables on the local Nusselt number Nu;.

Local Nusselt number

Parameters Prabhavathi et al. [24] Present results

M ¢ Rd 2 Al,O; Cu Al,0; Cu
0.1 0.01 0.1 0.1 0.49084 0.31626 0.49132 0.31708
0.5 0.01 0.1 0.1 0.47354 0.30166 0.47521 0.30231
0.7 0.01 0.1 0.1 0.45705 0.28654 0.45913 0.28732
1.0 0.01 0.1 0.1 0.43626 0.26152 0.43821 0.26261
0.5 0.01 0.1 0.1 0.46802 0.30868 0.46914 0.30911
0.5 0.02 0.1 0.1 0.51035 0.31226 0.51211 0.31308
0.5 0.03 0.1 0.1 0.56129 0.33590 0.56231 0.33641
0.5 0.04 0.1 0.1 0.59870 0.36021 0.60102 0.36091
0.5 0.01 0.1 0.1 0.46802 0.29651 0.46915 0.29688
0.5 0.01 0.3 0.1 0.42031 0.26681 0.42210 0.26710
0.5 0.01 0.5 0.1 0.38330 0.24387 0.38432 0.24401
0.5 0.01 0.7 0.1 0.35362 0.22567 0.35511 0.22604
0.5 0.01 0.1 0.1 0.49125 0.32426 0.49209 0.32509
0.5 0.01 0.1 0.4 0.49597 0.32692 0.49714 0.32699
0.5 0.01 0.1 0.7 0.49872 0.32853 0.49905 0.32871
0.5 0.01 0.1 1.0 0.50059 0.32964 0.50102 0.33002

and temperature profiles as a result of the irreversible effort made by the motion of fluid to over-
come the layers of shear forces in the flow, which appears as a rise in fluid temperature and vel-
ocity. This is primarily the result of viscous dissipation, which affects fluid temperature, reducing
fluid density, and thermal radiation, which is the result of accelerated charged particles emitting
electromagnetic radiation. Specifically, as € and Rd increase, the concentration decreases as the
difference in temperature between the wall and the fluid increases in the medium region. Viscous
dissipation refers to the conversion of mechanical energy into thermal energy because of fluid

by

.
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Table 4. Local Sherwood number depending on various parameters (Shy).

Local Sherwood number

Parameters Prabhavathi et al. [24] Present results

M ¢ Rd A Al,03 TiO, Al,05 TiO,
0.1 0.01 0.1 0.1 0.67366 0.68898 0.67408 0.68910
0.5 0.01 0.1 0.1 0.65936 0.67407 0.65947 0.67422
0.7 0.01 0.1 0.1 0.64667 0.66065 0.64681 0.66072
1.0 0.01 0.1 0.1 0.63594 0.64987 0.63614 0.64996
0.5 0.01 0.1 0.1 0.65496 0.68645 0.65511 0.68651
0.5 0.02 0.1 0.1 0.67280 0.68168 0.67304 0.68184
0.5 0.03 0.1 0.1 0.69595 0.69961 0.69608 0.69980
0.5 0.04 0.1 0.1 0.71197 0.71266 0.71205 0.71272
0.5 0.01 0.1 0.1 0.65496 0.66895 0.65507 0.66902
0.5 0.01 0.3 0.1 0.65857 0.67226 0.65879 0.67231
0.5 0.01 0.5 0.1 0.66158 0.67451 0.66179 0.67462
0.5 0.01 0.7 0.1 0.66412 0.67633 0.66419 0.67641
0.5 0.01 0.1 0.1 0.67549 0.69705 0.67568 0.69720
0.5 0.01 0.1 0.4 0.87924 0.89158 0.87971 0.89172
0.5 0.01 0.1 0.7 1.04113 1.04960 1.04113 1.04975
0.5 0.01 0.1 1.0 1.17977 1.18618 1.17998 1.18629

friction. The e quantifies the importance of this dissipation process. It affects the temperature dis-
tribution and can influence fluid flow patterns. Herewith, Rd represents the radiative effects
within the flow. It accounts for the transfer of thermal energy through radiation; Rd influences
the temperature distribution within the boundary layer.

4.4. MHD and heat sink/source

A change in M and A influences velocity, temperature, and concentration profiles in Figure 5. In
the boundary layer region, our observations show a decrease in temperature and velocity distribu-
tions of porous surfaces as M and A increase due to the Lorentz force that a magnetic field pro-
duces, which opposes motion and consequently slows it down. A rise in concentration can also
be observed with increasing M and A. This representation in Figure 5 is primarily due to the
heat source/sink parameter and its thermal conductivity, which consequently raises and reduces
the fluid temperature. In the same way, MHD offers control over separation flows, fluid manipu-
lation, and optimized heat transfer from electrically conducting fluids. M is a measure of the
influence of magnetic field strength on the fluid flow. It characterizes the MHD effects. The pres-
ence of a magnetic field can alter the fluid motion and heat transfer characteristics in the system.
Heat blowing/suction refers to the localized heat transfer from or to the surface. A represents the
intensity of this heat transfer. It can be used to control the boundary conditions and affect the
temperature distribution near the surface.

4.5. Soret and Dufour

Figure 6 shows the changes in heat and mass transfer that result from increasing Soret’s effect
while decreasing Dufour’s influence when these two processes take place simultaneously at the
porous surface. The fluctuation of Sr and Du had a considerable influence on velocity and tem-
perature; as a result, velocity and temperature decreased because higher Soret numbers were asso-
ciated with a lower temperature gradient, which causes less convective movement, as well as a
smaller mass concentration gradient that happens as a result of related irreversible mechanisms.
It is an inverse phenomenon of the Soret effect. Thus, under the impact of Sr and Du, the con-
centration rises. The Soret effect refers to the mass transport induced by a temperature gradient.
Sr characterizes the influence of the thermal gradient on the mass transfer within the fluid flow.
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It affects the concentration distribution in the boundary layer. The Dufour effect represents the
heat transport induced by a concentration gradient. Du quantifies the influence of the concentra-
tion inclination on the heat transfer within the fluid flow. It affects the temperature distribution
in the boundary layer.

4.6. Chemical reaction and porous media

As illustrated in Figure 10, the swings in velocity, temperature, and concentration profiles are
connected to various chemical reaction parameters (4) and porous values (K). In the presence of
increasing chemical reaction parameters (4) and porosity (K), velocity and temperature profiles
decrease significantly. As the value of (1) rises, the velocity and temperature also rise due to the
molecules colliding more often with each other as they move around; there is a higher probability
that the reaction will occur. As a result, a faster reaction rate is achieved; however, as (K) rises,
the velocity and temperature stay almost constant until gradually declining as the value decreases.
Concentration drops when (1) increases, but as (K) increases, there is no significant change, and
in some regions, it tends to increase. As the concentration of reactants lowers, the reactants have
a more difficult time finding each other to react with; hence, the rate of reaction slows down. As
a result, as time progresses as well as concentrations of reactants decline, the rate of reaction
reduces. A represents the presence of chemical reactions within the fluid flow. It accounts for the
conversion or transformation of species because of chemical reactions. The presence of chemical
reactions can significantly impact the temperature and concentration profiles.

4.7. Nusselt number

Figure 8a-8d depicts the influence of numerous factors on the local as well as the average rate of
heat transmission of Al,O; and TiO; nanofluids. Significant benefits are gained when nanopar-
ticles are correctly diffused in the base fluid, including better heat conduction, decreased erosion
risk, higher thermal conductivity, and mixture stability. Changing the parameters in this example
has an impact on the local and average heat transfer rate, but the atomic chain behavior makes it
such that the given values have the opposite impact. The local Nusselt number declines somewhat
unexpectedly because the exact heat transfer coefficient at that particular region of interest ini-
tially lowers as the amount of the heat source increases, but the average Nusselt number increases
since it represents the average value over the whole surface. The results reveal that altering the
length of the heat source has a greater impact on the flow and thermal fields than changing the
position of the heat source. When the aspect ratio of the obstruction and the length of the heat
source rises, the average Nusselt number correspondingly rises.

4.8. Skin friction

In Figure 9a-9d, we show the variation in the local as well as average coefficients of drag for
AL O; as well as TiO, nanofluids as a function of quantities (Rd, 4,A, ¢, M, Sr, and Du).
Additionally, local skin friction increases with parameter increase, except for the chemical pro-
cess, which is assumed to be true for Al,O; and TiO,, while average friction rises for all other
factors except Rd and Du. Skin friction, which happens when a fluid scrapes against the surface
of a moving object, is solely responsible for this. It increases and enlarges with the square of the
velocity in proportion to the surface area in contact with the fluid. The nature and level of rough-
ness of the surfaces in contact define the coefficient of static friction force. This undoubtedly con-
tributes to surface area or size. The coefficient of skin friction against an external surface
increases significantly in the low-pressure regime as load increases, while it becomes mostly
insensitive to pressure after reaching a critical pressure value.
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4.9. Sherwood number

Figure 10a-10d illustrates the impact of varying (Rd, 4, A, €, M, Sr, and Du) quantities on local
as well as average Sherwood numbers for Al,O; as well as TiO, nanofluids. The local Sherwood
number decreases as the values of 4, ¢, and M increase. It is observed to have a reverse trend for
the remaining parametric values. Since the solute diffuses from one part of elevated species to
another region of lower species with a magnitude proportionate to the species gradient, the
parameters show a reversal of the trend, which results in a fall in average Sherwood numbers as
parameters increase. The numerical predictions for really high porosities (over 0.95) are steadily
declining. However, when porosity diminishes, the accuracy of computationally determined
Sherwood values declines.

5. Result outcomes

The findings are listed below:

e The velocity and concentration profiles are higher in silver-water nanofluids, whereas the tem-
perature is elevated in copper.

e It is observed that velocity and temperature profiles increase as € and Rd increase, whereas a
reverse trend is observed for concentration profiles. Accordingly, it can be observed that if M,
as well as A, Sr, and Du are raised here, the reverse is true.

e During an enhancement in (K), the velocity and temperature stay relatively constant until a
gradual decline occurs as the value decreases. A rise in (1) reduces concentration.

e Here, AL,O; and TiO, experience a decrease in Nusselt number with increasing parameters.
The skin friction rises when the parameters for Al,0; and TiO, rise, omitting the chemical
process, but all other variables except Rd and Du enhance the average skin friction.

e As the specified parameters rise, a decline in the local and average rate of mass transfer is
noticed.
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