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Abstract

The viscoelastic characteristics of an incompressible, axisymmetric Casson—Maxwell nanoliquid flow between two stationary discs
were examined in this paper. Two porous discs are constrained for uniform injection. The Christov model is used in conjunction
with the Buongiorno model. In an energy equation with a nonlinear form, thermal radiation characteristics are used. In the cur-
rent continuation, the impact of chemical reactions is taken into account, making the work more adaptable. Using appropriate
transformations, the constructed model was transformed into a dimensionless form. The solution is obtained by employing
the FEM technique. The related parameters are described using physical results. The radial velocity distribution at the center
line was reduced using a magnetic parameter and a Casson parameter. When the Brownian motion constant and radiation par-
ameter are increased, the temperature distribution of nanoparticles enhances. Furthermore, the rate of the reaction increases in
the presence of a chemical reaction. Pearson’s correlation coefficient was used to discover a relationship between the Sherwood
and Nusslet numbers. To determine the linear relationship between variables, the t-test method is used.
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Introduction nanofluid. Nandeppanavar et al.’ studied the mass and heat
transport of convection Casson liquid flow across a moving
vertical plate using nonlinear thermal radiation. Das et al.'®
investigated an infinite vertical plate boundary layer flow of
an electrically conducting Casson fluid with mass and heat
transport. They also investigated the infinite vertical plate
boundary layer flow with mass and heat transport of an elec-
trically conducting Casson liquid. Gangadhar et al."' investi-
gated entropy minimization in Casson liquid boundary layer
flow in the presence of a magnetic field.

The flow of electrically conducting liquid is the
primary cause of variation in magnetic lines and flux.

The Casson model is one of the most fundamental forms
of non-Newtonian liquid construction. It controls the
viscoelasticity of different fluid flows. As a result, it
begins to deform like a soft solid when yield stress
exceeds shear stress. Shear stress is infinite. Mahanthesh
et al." invented the exponential space-dependent heat
source and the cross-diffusion effect in convective heat
and mass transfer as a result of the infinite disc.
Shehzad et al.? imposed the Maxwell liquid flow using
the Christov theory and thermophoresis. They explained
that as the Deborah number increases, the velocity field
decays. Mushtaq et al.® investigate the viscoelastic prop-
erties of an incompressible axisymmetric Casson liquid
flow between two discs. Nazir et al.* investigated the dynam- 'Department of Mathematics, Acharya Nagarjuna University Campus,
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As a result, the fluid experienced a Lorentz force. This is
known as magnetohydrodynamic (MHD) flow. Several
authors have investigated these flows. Saleem et al.'?
investigated the effects of viscous dispersion and heat
suction/injection on heat transport features in nanomater-
ials at the same time. Wehgal and Ashraf'® investigated
an electrically conducting liquid’s MHD axisymmetric
stream between two infinite equivalent stationary
coaxial porous discs. Turkyilmazoglu'® investigated
the liquid flow and heat transport between two stretch-
able discs. Ashraf and Wehgal'® created a model that
depicted the axisymmetric laminar flow of an electrically
conducting micropolar liquid between two infinite paral-
lel discs. Reddy et al.'® presented a numerical simulation
of a MHD liquid flow along with a non-isothermal
stretched sheet using the Soret and Dufour equations.
Mahabaleshwar et al.'” investigated an inclined MHD
micropolar fluid flow caused by surface stretching/
shrinking in the presence of mass transpiration and
thermal radiation. Jamshed et al.'® investigated heat
transmission and steady MHD mixed convection flow
in vented porous enclosing spaces using a heated elliptic
inner cylinder filled with nanofluid. In a laboratory-scale
system, Blishchik et al.'’ investigated the continuous
costing of turbulent liquid metal flow numerical solu-
tions. Gireesha et al.?’ investigated Carreau liquid flow
heat transfer on a porous sensor plane. Ahmad et al.*'
investigated three-dimensional MHD Maxwell liquid
flow along with a Joule heated surface. Narasimha Rao
and Gangadhar®? investigated the unsteady 3D boundary
layer flow with viscous dissipation.

Heat transfer is a fascinating method in technology and
industry. Fourier” proposed the first model for describing
heat transport. The calculation of this model yields a parabolic
energy equation. Cattaneo”* used relaxation time formulas to
simplify this model, resulting in the hyperbolic form of the
energy equation. This add-on allows for heat transpiration
via thermal waves that travel at a constant speed. Christov®’
added another useful modification by replacing the time
derivative with the upper convected derivative of the
Oldroyd-B equation. After this fascinating adjustment, many
authors used this formula to report the heat transport character-
istics in many fluid phenomena. Hashim and Khan,* for
example, simulated the Cattaneo—Christov heat flux laws for
Carreau fluid flow over the slandering surface. The impact
of entropy generation on the unsteady flow of Oldroyd-B
nanofluid was studied by Bai et al.*” using a wedge implanted
in porous media. Ali et al.** looked at the generalized Fourier’s
heat flux and homogeneous-heterogeneous reactions in a
three-dimensional non-Newtonian cross fluid flow. Venkata
Ramana et al.”’ investigated the Oldroyd-B fluid in MHD
flow with Cattaneo—Christov heat flux on a nonlinear stretched
sheet of varying thickness.

During the last few years, nanotechnology has gained
significant attention from researchers. Nanomaterials are
made by dispersing small-scale solid nanoparticles,
which have better thermal efficiency than standard
fluids. Air, water, ethylene glycol and oil are examples of
low thermal conductivity fluids. The use of nanoparticles

to improve the heat transport properties of classical fluids
has proven to be effective. These nanoparticles have phys-
ical and chemical properties similar to regular liquids but
with higher thermal conductivity. Nanomaterials serve a
critical function in boosting cooling rates and thermal
capacity. Nanomaterials are used in electronic cooling,
heat exchangers, microelectronics cooling, automotive
cooling, vehicle thermal management and cancer
therapy. The term ‘“nanofluid” was first created by
Choi and Eastman®’ to describe how the dispersion of
metallic nanoparticles in regular liquids can significantly
increase thermal efficiency. Following Choi’s research,
Buongiorno®! created a model to show how thermal con-
duction enhancement occurs in nanomaterials. He inves-
tigated seven different slip processes and discovered that
only thermophoretic and Brownian diffusion properties
count for increased heat transport. The flow of the nano-
material Cu-H,O through an enclosure was studied by
Abu-Nada and Oztop.*? Lopez et al.*® calculated heat
transfer and entropy generation in a porous vertical
microchannel with an Al,Os;—water nanofluid MHD
flow. Kumar et al.** used von Karman’s radiative hydro-
magnetic nanofluid flow between two coaxial rotating
porous discs to generate entropy. On a linear permeable
stretched surface, Gangadhar et al.**™*' explored the for-
mation of entropy and the application of an angled mag-
netic field to Williamson nanoliquid. Recent research on
the flow of nanofluids with different flow characteristics
may be found in.***!

The nonlinear Casson—Maxwell liquid between two
porous discs using the Buongiorno theory, using extra
impacts of nonlinear heat transfer and chemical reactions,
has yet to be researched, according to the literature
review. The essential transformations are used to convert
nonlinear coupled expressions to ordinary differentials.
To display numerical solutions using the finite element
method (FEM), a computer methodology has been devel-
oped.*'®3* The mass and heat transfer rates were examined
using tabled values. The strength of the linear relationship
between the Sherwood and Nusselt numbers is evaluated
using Pearson’s coefficient correlation method,*® and the
statistical significance of the linear relationship is estab-
lished using the #-test method.

Flow formation

Consider the flow of an axisymmetric, incompressible Casson
fluid between two stationary discs. The Cattaneo—Christov
theory is applied in the flow model. The energy equation
takes into consideration nonlinear thermal radiation because
a fluid heats up when current flows through it. Chemical reac-
tions are used to alter the associated expression for concentra-
tion profiles. The lower disc is at zy = —ay, while the upper
disc is at zy = ag. Magnetic field By applied to stationary
discs in the axial direction. The flow is subjected to a
uniform magnetic field that is applied vertically, and the
induced field is ignored. Assume there is no polariza-
tion voltage. Consider the cylinder coordinate system
(ro, 6o, zo). Because of the flow assumption, calculations
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Figure 1. Physical flow configuration.

in the f-direction are omitted. Lower and upper disc tempera- 5 )

tures are represented by 71 &T5. Similarly, concentrations are pc <1}0% i %) —ko <8 Ty 10Ty © T())
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Specifies the boundary conditions at the two discs are'”:

~ 6»”1/0 812/() _ 1 8p

A

“ o, +wo %o poho 120 =0, ﬁ:o =+Vo, To=T1, Co=C, at %0 = —ay,
5 5 =0, wo=—Vy, To =T, Co = C, at zy = +ap.
N H_l aao+awo+1aa0+1awo+zazwo ©)
0 Z o, 27
p)Lorg02y  OFf o029 o OFg 023
PR 5 R Here, Ty is the temperature, B, is the magnetic field
2T W0 +v‘v26 i + 2iign s strength, f is the Casson parameter, ¢, is the specific
- u ) s )
L G R R ?

heat, o, is the electrical conductivity, v is the kinematic
(3) viscosity, k is the chemical reaction rate constant, p is
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the pressure, Cj is the concentration, y,, is the relaxation
time parameter, y, is the thermal relaxation time, 7 is
the nanoparticle ratio of base fluid capacity and heat, Dpg
is the Brownian diffusion, 7}, is the mean liquid tempera-
ture, Dy is the thermophoretic diffusion coefficient, and
Vy is the injection velocity.

According to the Rosseland approximation, g, can be
written as>>

40'38Té_ 160, ;07T
3k*org  3k* 0o

Qr = - (7)
where ¢* represents mean absorptions coefficient and
k* is the Boltzmann constant.

Following similarity transformations applied to calculate
the temperature, concentration distribution and velocity:

i"()VO ~/

i A —Vo 1),

. (3
. Zo » To— (;5 Co -G
= a’ T — To-GF

The similarity function in equation (8) satisfies equation (1).
By eliminating the pressure term, equations (2) to (5) are
written as
1\ ~om ~  ~2 ~12~0 ~2 ~ ~ NI
1+B fi +DeRe(f\f1 + /1 fi =11 =i D)
+Ref /) —MRe(f, = De(f 1]+ 11/ 1) =0,
©

[1 + ng(l + 6, — 1)@1)3}9’{

+RABO, - DINL+O, - DAP ()

+ PrRef 0 + Pr Nt + PrNbO, b,
—PraRe(f, [0 + 110 =0,

~I

b+ <Nb>9 +RePrlef, ¢, —Prieyd, =0. (11)

By using equation (8), the boundary conditions are changed
to the following forms:

{.}"1(—1)=0, Fi=h==18(-1)=1, (=) =1,
F+D)=0, 7 (+1)=1,8,(+1)=0, §;(+1)=0.

(12)
In the above equations,
aeaoBo ,ucp
De =y, Vo, M = , Pr=—+
€=7Yo"ro Vo

D D
Nb =201 — 1), Nt:T—B(Cl

T, v

—Cz)’/’{l:yI—,Lez—’}/:
a

Here, De is Deborah number, Nb is Brownian movement
parameter, M is magnetic parameter, Nt is thermophoretic
parameter, Re is Reynolds number, Rd is radiation factor,
Le is Lewis number, 6,, is temperature ratio parameter, y
is chemical reaction parameter, y; is thermal relaxation
time factor, and Pr is Prandtl number.

Turkyilmazoglu'* determines the Sherwood and local
Nusselt numbers at both discs:

Nu—lr = _0/1(_1)’ Nu+lr = _6/1( + 1)5 Sh—lr
= =@\ (—1), Shyr, = =@ (+ 1) (13)

Finite element formulation

If ]‘1 =pand p’ = ¢, then the weighted integral form of
the residuals for coupled nonlinear boundary value
problem (equations 9-11) over the typical element

(1p> T1p41) 1

Mp41
wilf, — pldi =0, (14)
iy
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/ walp' — qldij =0, (15)
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ot 1 ’" 7 2 2 72 07 /
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w3 ﬂ d
i +Ref ¢’ —M*Re(g—De(pg+11q'))
=0,
(16)
4 ~ 3|~
[1+—Rd(l+(6w—1)91) }91
41 3

~0 ~
wa| FRA[3(0,—1)0, 1[1+©6— DO | di=o0,
s +PrRef, @, + PNt} +PrNbd,
—PrARe(7, pd +1.07)
(17)

Mp+1

w5|:¢] < )6 +RePrLef1¢1 PrLey(?>11|dn

(18)

where arbitrary functions are wy,w;, w3, ws, and ws. By
putting the following finite element approximation form

R _ pV()ao 4-G;T3 T

,Rd = =, 0, =
u kk*
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into equations (14) to (18), the finite element model can be b
od 32_ - = 313435 ) T4
obtained: I = / DeRepQ;Q;di, ;) =11 =1I1;” =0, IT;
; ; iy
_ _ i 4 - -2\ ]
f—;ﬁﬂn,p—;pnﬁn, —<1 +3RA(1+0, 1))’ —Prﬂ&eff)
dQ;dQ; - dQ,;
3 3 i 452 / Y
————+4+3Rd(6,,— 1)8 1 Q;—
4= 0,0,0=3 6,9, (19) di dy PRI DS
n=1 n=1 - o dQ
3 g +3Rd(0,,— 10 ,6°9; dj
— 41
$=> 4,2 = @i
— 2| +6RA(0,— 1079, +PrRef O, d~
_ dQ; - A
With wi=w,=w3=wy=ws=Q,(n=1,2,3), here test +PrNt0 | Qiﬁ+PrNb¢ 191‘7’7

functions €, for a characteristic length element
(1p71p41) are as follows:

Q= _ yr =15 = 20) (1 —11)
(g1 =) ’
Q,— 4G — 11Ty — 77),
(’7b+1 ’7b)
=20)( —7p41)
(g1 =)
My <N =<Tpq- (20)

o, _lbs1 =7

bl

The following is the model of finite elements of the equa-
tions and hence developed:

(] (2] [ [y ey s {b1}

[IP'] [I1%2] (1] [ (0] | | {p} {ba2}
[IP'] [I1%2] [IP°] [IP4] (1] | | {q} |=| {bs}
[ [# (] [ mo* || {6} {4}
[IP1] [I1°2] (1] [P (0%°] ] [ {¢h} {bs}
1)

where [I[1™] and [b,,](m,n=1,2,3,4,5) are defined as:

b1 IO, b1
;' = / Qg 11 = / QiQydi, T =11
s iy
_ls
—Hij =0,
1 7O 41
I = / Q; dﬁjd’?vH?:_ / Qi Qi T =11
s i
17125 —
—Hij =0,
r 1 -2\ dQ;dQ;
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b1 dQ
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il dy, 2 2
—I—ReQi?—M ReQ;+ M ReDef2;Q;
7 :
+

- dQ
+PrARef | pQi—2
L dn _
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Mp1
[ dQ,;dQ; .
= / i di J 4 PrLeRef | Q ~/_PrLe}/Qini| dn, Hfjl
Iy
= Hg.z :1‘[2.3 :1‘[;4 =0,
And
b} =0,b7 =0,b = [ ! ! } da)"
=0,bs =0, + —— ReDe < ) s
p H\ M di

iy

4 =3 -2
bt = _<1 +§Rd(1 + (@, — D)) — Pr/hRefl)

de ﬁb+l ﬁ[)+1
(099" s (a%)
"/, di b

With

Before we can explain the graphical analysis for the
desired parameters, we must validate our numerical solu-
tion. Table 1 was created to verify our numerical
approach, with Re = —10, f = oo and De = 0.0.
The outcomes for shear stresses are attained using limiting
cases of flow of viscous fluid and compared to those in the
study of Abu-Nada and Oztop.>* They are completely in
sync.

Discussion of the results

This study numerically described the mass and heat trans-
fer properties of a Casson fluid flowing between two
porous discs. The temperature, velocity and concentration
profiles’ numerical values are displayed. The variation of
each parameter revealed a detailed graphical analysis,
while the values of the remaining parameters, such
as f=05De=02,Re=0.5 M=0.1,Pr=6.2,



iranpaper 1=} Downloaded from https://iranpaper.ir

Alio (il (gawass dey

e 0lnl ol oy90

https://www.tarjomano.com

Proc IMechE Part E: | Process Mechanical Engineering 0(0)

Table I. Comparison of the current numerical results for a limiting case of viscous fluid flow with those in the studies of Wehgal and

Ashraf'? and Mushtaq et al.?

fi-n

fl+1)

M Wehgal and Ashraf'? Mushtaq et al3 Present Wehgal and Ashraf'® Mushtaq et al3 Present
0.8 2593 6 25937 2.59360087 | 2593 6 25937 2.593600865
(b) 16 : .
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Figure 2. (a) Deviation of f(i}) along with M. (b) Deviation of fj,(ﬁ) along with M.
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Figure 3. (a) Deviation of {(i7) along with De. (b) Deviation of f/l (77) along with De.

6,=12, Nt=0.1, Rd=02, Nb=0.1, 1, =0.2,
Le =1.0 and y = 0.2, have remained constant.

Figure 2(a) and (b) shows how the magnetic parameter
affects the axial and radial velocity fields. When the
values of M are increased, the axial velocity profiles fall
at the upper disc while increasing the values of M
results in a small increase near the lower disc. A similar
pattern can be found in the study of Wehgal and
Ashraf.'®> The radial velocity curves have a parabolic
shape. When compared to the magnified magnetic param-
eter, the profiles show decreasing tendencies in the center
plane and increasing tendencies near the upper and lower

discs (see Figure 2). When a magnetic field is applied, the
Lorentz force creates a resistive force that obstructs the
flow. As a result, around the center plane, the radial pro-
files are seen to be diminishing.

Figure 3(a) and (b) shows how the Deborah number
affects the axial and radial fields. A rise in De. generates
a rise in axial velocity. As the Deborah number rises, the
pumped away from both discs and the central plane’s
radial velocity profiles decrease. Solid lines (with De=
0) illustrate the Casson fluid phenomenon.

Figure 4(a) and (b) depicts the axial and radial velocity
profiles as a function of Casson parameter variation.

o
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Figure 4. (a) Deviation of T, (ij) along with f. (b) Deviation of fjl(ﬁ) along with f.

Because of the increase in 3, the axial velocity increases.
The Casson parameter has an effect on the declination of
the fluid radial velocity in the neighborhood of the central
plane. It is because increasing the Casson parameter
causes a rise in viscosity, which reduces fluid flow.
Dot-dashed lines illustrate the Maxwell liquid situation
(as f = o).

Supplementary Figure 1 depicts the thermophoretic
parameter Nt archive on the temperature field. The
change in Nt builds a significant thermophoretic force
that keeps nanoparticles moving in the opposite direction,
increasing temperature and boundary layer thickness.
These findings are associated with the thermophoresis
phenomena, in which heated particles migrate from
hotter to colder regions, causing the liquid temperature
to rise.

The features of the Brownian motion parameter (Nb) in
response to temperature and solutal profiles are shown in
Supplementary Figures 2 and 3. Increasing the value of
(Nb) enhances the thermal profile and thickness of the
thermal boundary layer, as can be shown. However,
increasing the solutal profile of the (Nb) nano-Maxwell
liquid reduces the thickness of the solutal boundary
layer. In terms of physics, intensification in (Nb) refers to
an increase in the kinetic energy of nanoparticles in the
liquid, which leads to an increase in the rate of heat transfer,
the thickness of the boundary layer and the temperature field
of Casson—Maxwell nanoliquid. Nanoparticle diffusion in
the domain distant from the boundary is also governed by
Brownian motion. As a result of raising the Brownian
motion parameter, the volume fraction profile of nanoparti-
cles decreases.

Supplementary Figure 4 depicts the behavior of the
radiation factor Rd as a function of temperature. The
graph showed that the temperature field increased with
higher Rd estimates and decreased after the central
region. Radiation is the physical process of obtaining
energy through fluid molecules. As a result, heat energy
is generated in the system, and we see an increase in 6,
for higher Rd. The temperature variations in thermal

relaxation time are depicted in Supplementary Figure 5.
Fluid consumes more heat at the lower disc. However,
the surface temperature decreases in the upper disc.
Additionally, an increase in the thermal relaxation value
(41) implies that more heat is necessary for the heat trans-
fer to the material’s neighbor particles (non-conducting
phenomena).

Supplementary Figure 6 shows the variation in 6,
produced by various values of the surface heat param-
eter 6,,, demonstrating that the temperature distribution
grows. Supplementary Figure 7 shows that increasing
the values of Le causes the concentration profiles to
fall at the upper disc while causing a small increase
near the lower disc. Reverse mass diffusivity relation-
ships are achieved, resulting in lower concentration
for leading values of Le.

The effect of chemical reaction parameters on the con-
centration profile is shown in Supplementary Figure 8.
When a generative chemical reaction is compared to a
destructive chemical reaction, the reduction rate is
much higher. By suppressing the concentration of the dif-
fusion specious, the chemical reaction reduces fluid
concentration.

The numerical outcomes of the Sherwood and Nusselt
numbers at the two discs for different physical parameters
are discussed in Tables 1 and 2. The Reynolds number,
thermophoretic parameter, thermal relaxation time param-
eter, Prandtl number and Brownian motion parameter
reduce the Nusselt number, while the radiation factor,
temperature ratio parameter and Lewis number increase
the Nusselt number numerical values at the lower disc.
The Nusselt number is enlarged at the upper disc by,
0,,,Nt and Nb, while it decreases by A, Pr and Le
(Table 1). According to Table 3, the Sherwood number
has an increasing tendency for larger values of and a
decreasing tendency against the modified. At the lower
disc, there are Re, Rd, 6,,, Le and Nb. Changes in the
radiation factor, temperature ratio, Lewis number,
Brownian motion and chemical reaction parameter
decrease the upper disc Sherwood number, while
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Table 2. Numerical values of the Nusselt number against physical quantities.

Re Rd Oy A Pr Le Nt Nb Nu_, Nug i,
0.1 0.2 1.2 0.2 6.2 1.0 0.1 0.1 0.235643274 0.657235949
0.3 0.148971567 0.419294354
0.5 0.075645756 0.192874565
0.7 0.024861539 0.039919426
0.5 0.0 1.2 0.2 6.2 1.0 0.1 0.1 0.014508636 0.100347760
0.3 0.105402601 0.235642095
0.6 0.174080616 0.328810720
0.9 0.219260496 0.387707652
0.5 0.2 1.1 0.2 6.2 1.0 0.1 0.1 0.062601950 0.186947863
1.5 0.118225470 0.215357970
1.9 0.163324359 0.258357890
23 0.194404034 0.335224636
0.5 0.2 1.2 0.1 6.2 1.0 0.1 0.1 0.098765966 0.242467904
0.2 0.075645756 0.192874565
0.3 0.045131898 0.111044000
04 0.009534653 0.000021113
0.5 0.2 1.2 0.2 1.0 1.0 0.1 0.1 0.385427736 0.490068338
2.0 0.305384563 0.454325340
3.0 0.234585625 0.392960801
4.0 0.17376559%4 0.334473201
0.5 0.2 1.2 0.2 6.2 20 0.1 0.1 0.076070165 0.203694586
3.0 0.076390349 0.201268158
4.0 0.076583536 0.183977475
5.0 0.076703351 0.183052316
0.5 0.2 1.2 0.2 6.2 1.0 0.2 0.1 0.058673149 0.277619720
0.3 0.045853074 0.407114831
0.4 0.035941601 0.604887583
0.5 0.027412623 0.902755806
0.5 0.2 1.2 0.2 6.2 1.0 0.1 0.2 0.053183954 0.235990886
0.3 0.036814924 0.283417703
04 0.025125134 0.334662047
0.5 0.2 1.2 0.2 6.2 1.0 0.1 0.5 0.016929414 0.389205142

changes in the thermophoresis parameter and thermal
relaxation parameter increase it (Table 2).

Statistical evaluations

Association metric

To find the association between X and Y, Pearson’s coef-
ficient of correlation is the most useful technique in statis-
tics:

2 2
Cxx:ix?_%<zxi> ’ ny:z)’%_%<2yi> ’
i=1 i=1 i=1

i=1

n 1 n n
ny = inyi - ;in Z)’i,
i=1 =1 =l

respectively. We calculate the correlation between the para-
meters and variables in Supplementary Table 1 using equa-
tion (22). Only between 4; and Nuyy, (S, =
—0.98588898) is there a reasonable negative linear associ-
ation in Supplementary Table 1. There are moderately posi-
tive linear associations between Re and Nu,q, (S, =
—0.99540753) and between A; and Shyy. (Sy =
0.992450219). The remaining parameters and variables
have strong positive (0.70 <S,, < 1) and negative
(=0.70 <S8\, < —1) correlation.

Statistical significance of correlation

The hypothesis testing procedure is used to determine the
statistical significance. To begin, the null (Hj) and alterna-
tive (H,4) hypotheses are defined. (Hy) indicates that x and

22) v have no significant linear relationship; (H,) indicates

that x and y have a significant linear relationship.

S, = CnyC i (23) Second, we compute the t-value using the bivariate nor-
Vot ey

where S, denotes the correlation between x and y and is
always between —1 and +1. Cy, C,, and C, are the var-
iances of x and y, as well as the covariances of x and y,

mality assumption®® ¢t = Sy v/n —2/ /1 — S2,. Finally,
we compute the probability value using the #-value

(p-value). Finally, if the p-value is less than the a-level,
we accept the alternative hypothesis and determine the
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Table 3. Numerical values of the Sherwood number against physical quantities.
Re Rd Oy M Le Nt Nb Y Sh_y, Shiir
0.1 0.2 1.2 0.2 1.0 0.1 0.1 0.2 1.108701113 0.125447360
0.3 0.822546195 0.254991584
0.5 0.616651528 0.311542810
0.7 0.458884556 0.364741174
0.5 0.0 1.2 0.2 1.0 0.1 0.1 0.2 0.617010256 0.369975047
0.3 0.609359568 0.287606720
0.6 0.586607233 0.23135518l
0.9 0.569016196 0.193570294
0.5 0.2 1.1 0.2 1.0 0.1 0.1 0.2 0.620733568 0.312170252
1.5 0.598943617 0.309752013
1.9 0.574206537 0.306094664
23 0.551210409 0.292255625
0.5 0.2 1.2 0.1 1.0 0.1 0.1 0.2 0.604816473 0.272594704
0.2 0.616651528 0.311542810
0.3 0.631710373 0.377172302
0.4 0.646009515 0.411095585
0.5 0.2 1.2 0.2 2.0 0.1 0.1 0.2 0.487745390 0.171903874
3.0 0.444225172 0.113430904
4.0 0.427335120 0.080417433
5.0 0.419278208 0.062878178
0.5 0.2 1.2 0.2 1.0 0.2 0.1 0.2 0.744405347 0.429878966
0.3 0.844523289 0.53817095
0.4 0.920641424 0.624279836
0.5 0.977175874 0.670839078
0.5 0.2 1.2 0.2 1.0 0.1 0.2 0.2 0.530161243 0.20035491 1
0.3 0.501626453 0.162151382
0.4 0.487699129 0.142102560
0.5 0.479661401 0.129280863
0.5 0.2 1.2 0.2 1.0 0.2 0.1 -0.2 —0.108350353 0.468174461
0.1 0.105456059 0.410778743
0.0 0.293164933 0.368642687
0.1 0.462040824 0.336607765
0.5 0.2 1.2 0.2 1.0 0.2 0.1 0.2 0.616651528 0.311542810

statistical significance of S, on (a significance level set at
0.05). If the p-value is greater than the a-level, the null
hypothesis is accepted.

Supplementary Table 2 shows the calculated
t and p values. The table also shows no significant correl-
ation between (p — value> a) among (Re, Nuyy,),
(Re, Sh_y.), (Nb, Shyi,), (Nb, Sh_,.) and all pairings
of A, using the Sherwood and Nusselt numbers at the spe-
cified a-level. There are significant linear relationships
between the remaining parameters and variables.

Remarks

It investigated the flow of an incompressible Casson
nanofluid contained in stationary parallel discs. The
energy equation creates a modified version of Fourier’s law
along with the nonlinear thermal radiation. Additionally,
for the associated flow scenario, chemical reaction
assumptions for concentration distribution are applied.
The resulting ordinary differential equations are solved
using an efficient FEM analysis, and the velocity, tem-
perature and concentration profiles are represented with

graphs. For various physical constants, the physical parts
of the study are realized. The following noteworthy find-
ings emerged from the current study:

1. At the central plane, the magnetic and Casson para-
meters reduce the radial curves.

2. The presence of radiation and Brownian motion para-
meters causes the temperature distribution to rise,
whereas the thermal relaxation parameter has the
opposite effect.

3. Increases in destructive chemical reactions improve
the concentration profile, whereas Brownian motion
and generative chemical reactions have the opposite
effect.

4. The heat transfer gradient at the lower disc is a growing
function of thermal radiation when the temperature ratio
is present, and it is a diminishing function when
Reynolds number and Brownian motion are present.

5. The local Nusselt number for Brownian motion and
thermophoresis factors is increased due to the upper
disc, while it is decreased for thermal relaxation time
and Prandtl number.
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6. When the Reynolds number and Brownian motion are
increased, the local mass transport becomes smaller,
whereas it accelerates for the lower disc due to
thermophoresis.

7. The Sherwood number increased for Reynolds number
and thermal relaxation time in the upper disc situation,
but it decreased for Lewis number and chemical reac-
tion parameter.

8. A1and Nu,, have a moderately negative linear relation-
ship. Re and Nu, 1, have a moderately positive linear rela-
tionship. Because the aforementioned quantities have a
moderate linear relationship, randomness can affect one
or both of them, causing the weak relationship noticeable.
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