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ABSTRACT: The study explores the velocity of Casson fluid that is time-independent over an exponentially infinite
isotherm vertical permeable sheet. The impact of magnetohydrodynamic (MHD) with Casson flow over the permeability
sheet is examined. In contrast, thermal radiation and heat sink parameters have been incorporated. This study’s primary
goal is to determine the significance of thermal radiation on Casson flow with MHD using an analytical solution over a
permeable sheet. The flow of the fluid occurs above the sheet when y is greater than zero, and the sheet extends far away
in the x-direction. The model of governing equations is reduced by applying a suitable set of dimensionless parameters.
These dimensionless systems of equations are solved through the Laplace transformation method. The impacts of
various variables over velocity, temperature, concentration, skin friction, and Nuseelt number are scrutinized. These
variables contain magnetic field M, Casson fluid parameter 3, Ghroshof number Gr, modified Grashof number Gec,
Prandtl number Pr, thermal radiation Rd and Scimdth number Sc. These plots are sketched for the considerable
magnitude of these variables through the Mathematica Software, and these plots are discussed in detail. Results show
that the increasing value of M reduces the fluid velocity but velocity of fluid is enhanced with larger values of Gr, Ge
and (3. The impact of Skin friction and Nusselt number is elaborated by tabular outlined.

KEYWORDS: Laplace; MHD; Casson fluid; permeable sheet; incompressible.

NOMENCLATURE o Specific heat (J.kg 1K)

erfc Complementary error function
@ Thermal diffusivity (m~2s~1) g Acceleration due to gravity (m?s~2)
8 Casson fluid parameter (Dimensionless) Ge Modified Ghroshof number (Dimensionless)
n Similarity parameter (Dimensionless) Gr Ghroshof number (Dimensionless)
H Coeflicient of viscosity (Ra.s) K Thermal conductivity (Wm~1572)
v Kinematic viscosity (m?s~1) M Magnetic number (Dimensionless)
10} Dimensionless concentration (Dimensionless)
P Density of the fluid (kgm™3)
o? Porosity number Received: 22 December 2022
0 Dimensionless temperature (Dimensionless) Accepted: 3 January 2023
beta*  Coordinate normal to the plate (m~2s71) Published: 18 February 2023
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Pr Prandtl number (Dimensionless)

Sc Schmidt number (Dimensionless)

t Dimensionless time (Dimensionless)

U Dimensionless velocity (Dimensionless)

1. INTRODUCTION

The Casson fluid is considered a non-Newtonian fluid
due to its rheological properties. This classification is
based on the relationship between shear stress and
shear rate. At low shear strains, it exhibits yield
stress behavior, but as the shear strain reaches a critical
value, it changes to the behavior of a Newtonian fluid.
A liquid with shear thinning properties is considered to
have a zero shear rate at infinite thickness, yields
less stress when there is no flow, and a zero thickness at
an infinite rate of shear. Some current developments on
non-Newtonian fluid with geometries were cited in
Refs. 1-7. Mustafa et al.® discussed the Casson flui-
d approaching the boundary layer flow over a semi-
infinite  plate.  Bhattacharyya® considered the
magnetohydrodynamic (MHD) flow of Casson fluid in
the influence of thermal radiation over-stretching
sheets. Mukhopadhyay et al.'” examined the time-de-
pendent flow of Casson fluid over a stretching sheet.
Nadeem et al'' investigated Casson fluid’s MHD
boundary layer flow over an exponentially permeable
shrinking sheet. Vijay et al.'” studied the combined
effect of thermal and chemical reactions on MHD
Casson fluid. Santoshi et al.'* probed on MHD Casson
flow over a vertical sheet in varying viscosities and
heat sources.

The significance of MHD is in agriculture, geo-
physics, astrophysics, and the petroleum sector. The
important mechanism for investigating the geolog-
ical development, plasma confinement, MHD gen-
erators, nuclear reactor cooling, and many more.
MHD has more applications in the field of metrol-
ogy and aeronautics. Using the perturbation ap-
proach, Gupta et al.'* described the free convection
flow across linearly vertically accelerated plates
under viscous dissipative. Muthucumaraswamy
et al.'®> conducted a precise analysis of MHD un-
steady flow across an accelerating plate, including
heat and mass transport. Kafousias and Raptis'®
extended the study of Muthucumaraswamy et al.,'>
including the mass transfer effect with suction and
injection. Raptis and Singh'” explored the flow over
an infinite vertical plate by the addition impulse and
accelerated plate motion. Force convection affects

DOI: 10.1142/52737416523400100
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flow over a vertically accelerated plate under the
MHD effect with variable suction and heat flux. The
MHD flow on heat and mass transfer with mixed
connectives under the Soret and Dufour effect was
explored by Dhanalakshmi et al'® Investigating
the function of MHD flow in the porous surface
was carried out by Kallepalli et al.'® The impact
of thermal radiation on MHD fluid flow over a
semi-infinite flat plate was considered by
Dharmaiah et al.”°

The MHD and viscous fluid were established by
Sivaiah et al.”' by analyzing permeable channel
MHD flow. The MHD micropolar fluid was studied
by Reddy et al.?? under the influence of Soret and
Dufour. The influence of MHD was developed by
Sujatha et al.?> due to cone and concave surfaces
with chemical interaction. Ibrahim et al.”* assumed
that the MHD flow across a vertical surface trig-
gered the chemical reaction chemical reaction. The
time-dependent mixed convective flow on micro-
polar fluid caused by a porous conduit was de-
scribed by Kumar et al.”> The primary purpose of
this body of work is to investigate how the velocity
of Casson fluid’s transient flow changes under the
effect of a variety of embedded characteristics.
Padmavathi et al.?°~*° established various respira-
tory tract fluid flows due to forced and free con-
vection stream inaugurating a new vision of lung
mechanism under the impact of chemical reaction
and heat absorption along with MHD and the effects
of porosity.

The prime idea of this study is to examine the role
of hear and mass transfer of Casson fluid in the
presence of numerous variables with MHD and
Permeable effect. In this manner, the purpose of this
work was to perform an investigation into the fluid
dynamic impacts of thermal in an unstable mucus
fluid flowing conductivity on flow characteristics
through an isothermal channel. By using a suitable set
of dimensionless variables, the model’s governing
equations, along with the initial and boundary con-
ditions, are transformed into a form without
dimensions. The Laplace Transformation can be used
to find analytical answers for figuring out the Casson
fluid’s velocity distribution, temperature profile and
concentration field. The answers are expressed in
terms of the complementary and exponential error
functions. With the help of the MATHEMATICA
software, we present graphs to show how
different factors affect velocity, temperature, and
concentration.
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2. MODEL FORMULATION

Let us investigate the incompressible transient flow of
the MHD Casson fluid model with thermal radiation
and heat source above an accelerating porous plate.
First, it is demonstrated that the form of the fluid’s
velocity field is taken into account. In addition, the
magnetic field of strength considered along the x-axis
and y-axis is taken opposite the x-axis. Further, at
t = 0, the velocity of the porous channel is U = e is
shown in Fig. 1. In light of the observations mentioned
above for the Boussinesq’s approximation, the unsteady
flow is governed by the following equations.*
Continuity equation

ov
—=0. 1
5 M
Momentum equation
Ou
o = 80T = T.0) +g6"(C~ Cx)
+v<1+l>@—"—3g 2)
B) oy p

Energy equation

2
pcp% = kg—; — QT —Ty) - %‘if E)
Concentration equation
=pos @
ot* a2

Here, u and v are the velocity components in the di-
rection of x and y. The coefficient of volumetric ex-
pansion with temperature is ', the coefficient of
volumetric expansion with temperature is 3;, kinematic
viscosity is v, the temperature of the fluid is T, ambient
temperature is T, the concentration of the fluid is C,
ambient concentration is C,,, electrical conductivity

Concentration boundary layer

Thermal boundary layer

Momentum boundary layer

. .,  Permeable medium

y

Fig. 1. (Color online) A flow model.

363

is o0, the density of the fluid is p, specific heat is C,,
magnetic field is B, and t denotes the time.
The boundary conditions are

u=0, T=T,, C=C, forallyandt* <0,
u=u,, I'=T, C=C, aty=0,
u=0, T=T, C=C, aty—0.

(5)
The local gradient is given by
g,
6
) (©
This is achieved by building on a Taylor’s expansion
while disregarding higher-order terms
T4 4T2 T —3T%.
By using Egs. (5) and (6), Eq. (2) becomes
T 0T
pC 0

pE:kW_Qo

= —4bo(TL — T.).

(7)

(T — Ty) +160b* T2 (T — Ty,

(8)

where we introduce the dimensionless variable as

u x! t'u? yu, v
U=— == t= Y = =—
uo? X h ) v ) v ) SC D’
T-T, 160b*v2T3 gvp'(C, — Cy)
0= =<, Rd=———"=, Gc= W =
T-T,’ ka2 ¢ ul ’
gvB*(T, — Ty) jugen C—-Cy
Pr= =
Gr u » Pr=m =Tl

Equations (2), (4) and (8) become

Ou 1\ 0%u

o (1+2) 22 M 1

T < + ﬂ) By + Gro + Geg u, (10)

06 1 0%u

dp 1 0%¢

8t Pr oy’ (12)
Here, magnetic field (M = Ugg‘z’), mass Grashof

number (Gr = Wi+w)’ Grashof number (Gr =

%), Prandtl number (PrZ%), Schmidt

number (Sc = %). The boundary conditions are

U=0, 606=0, ¢=0 forallYand? <O,
U=e* 60=1 ¢=t atY =0,
U—0, 8#—0, ¢—0 atY — cc.

(13)

We obtain the solution of a nondimensional Egs. (10)-
(12) with boundary condition by applying the Laplace
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transformation technique in relation to t (time) to the
preceding equations, the resulting equations are

¥V (eY\/m>
: )+ rey

L(u) = Gre, (e 5

e2(s+€)
e*Y\/Pr(SwLa) e*Y\/Pr(H»a)
CGre [ ) e [
€2s es?
GC —YVSIM —Y\/S_

— B — s 14

+S3(Sc—1) (e ' ¢ )’ (14)
e Y Pr(s+a)

Lo = (15

e—YVSes
o) = . (16)

Following the inverse Laplace-transform method, the
governing Eqs. (14)-(16) are solved, the solutions are
deduced as follows.

at
U= % (e7YVaMerfe(n — va + M)

+ e"VatMerfe(n + Va + M))
+ Grel(efymerfc(n — VM)
+ e"VMerfe(n + VM))

+ Gifl (e VP Derfe(n — \/Pr(c + a))

€

+ eY\/F_)merfc(n +/Pr(e +a)))
+ _eZY‘/merfc(\/P—r?] —2v/ta))
ST v VPR _y /By 4 20/a)
x erfc(nv/Pr + 2v/ta))
+ 2P (y\/Pr 4 2ty/a)erfe(nV/Pr + 2v/ta))

_ et/M+Y)?
t

n Ge 1 .
s3(Sc—1) \16M3/2\/7

x (VM (42 M3/2 1Y — AMtY)

+ﬁeMt+2Ym+7]2(4M3/2t2mY2)

- 4Y\/Mte‘/]‘_”)>

LG
s3(Sc—1)

+ Y2V M)erfe(2vV/Mt — 1))

(M1’ (AMP242 4+ Y — aMtY
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+ 4MtY + Y2V/M)erfc(2v/Mt + 1))
Ge (_ 2e=Sn"\/SctY (10t 4 ScY?)

RSTrr— 2/

+ (1262 + 12SctY? + Sc2Y4)erfc(\/§n)), (17)

t
0= 5 (e*‘/merfc(\/ Prn — vPra)
+ emerfc(v Prn+ vPra)

Y
v Pra
— e erfc(vPrn — vPra
A (VP )

+ e\/merfc(\/fTrn +V Pra))) )

(18)

o= t((l + ZUZSC)erfc(n\/SE) —2n %6—7728(:).
(19)

3. RESULT AND DISCUSSION

The Laplace transform method is utilized to solve the
equations describing the flow to provide exact analyt-
ical solutions for the velocity, temperature, and

Table 1. Shows fluctuation in the skin
friction.

M Gr Gec g t  Skin Friction

0.5 1 1 1 0.2 1.3047
0.6 1.3138
0.7 1.325
0.8 1.337
0.9 1.3494
1.1 1.5104

1.2 1.6713

1.3 1.8323

1.4 1.9933

1.5 2.1543

0.1 2.3886

0.2 2.3626

0.3 2.3365

0.4 2.3104

0.5 2.2846

1.1 22374

1.2 2.1773

1.3 2.1017

1.4 2.0079

1.5 1.8929

0.3 0.9581

0.4 0.5918

0.5 0.413

0.6 0.2758

0.7 0.1453
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Table 2. Shows fluctuation in the
Nusselt number.

Rd Q Pr b  Nusselt Number

0.1 0.1 1 0.1 0.8507
0.2 1.128
0.3 1.3871
0.4 1.6346
0.5 1.874
0.2 2.1075

0.3 2.3364

0.4 2.5619

0.5 2.7847

0.6 3.0056

1.1 3.0958

1.2 3.1832

1.3 3.2685

1.4 3.352

1.5 3.4341

0.3 6.2697

0.4 5.4298

0.5 4.8565

0.6 4.4334

0.7 4.1045

concentration. In addition, graphical analysis was per-
formed to determine how different physical character-
istics affected the flow of fluid. Tables 1-3 were used to
highlight the variations in skin friction, Nusselt num-
ber, and Sherwood number that occurred due to dif-
ferences in physical factors.

Figure 2 shows the effect of magnetic field M on
fluid velocity. As the magnetic field parameter M
increases, as seen in Fig. 2, the speed declines. Physi-
cally, the momentum barrier layer often thins when a
magnetic field is applied to a fluid flow capable of
conduction. The cause of this is that Lorentz forces,

Table 3. Shows fluctuation in
the Sherwood number.

Sc t Sherwood Number
1.0 0.1128
1.1 0.1183
1.2 0.1236
1.3 0.1286
14 0.1335
1.5 0.1381
0.2 0.2763
0.3 0.4145
0.4 0.5527
0.5 0.6909
0.6 0.8291
0.7 0.9673

which are resistance forces produced during this
process and have a detrimental effect on fluid flow, are
created. Figure 3 displays the impact of Gr and Gc over
fluid velocity. The more significant values of Gr and Gc
enhance the fluid velocity. Figure 4 sketched the effect
of the Casson parameter (3 over fluid velocity. We
observe that when the value grows (3, the speed and the
viscous flow diminish. Therefore, the velocity magni-
tude is more significant in Casson fluid than in viscous
fluids since the Casson fluid is less dense.

Figure 5 represents the fluctuation of time t over
fluid velocity. When the time is increased, the mo-
mentum boundary layer is also grown, which leads to
an increase in the fluid speed being observed. It is
possible to see the opposite finding on the temperature

5
— M=1.0
4 M=2.0
=]
Z M=3.0
B
23 — M=4.0
L
> — M=5.0
= 2
=
=
1
0
0.0 0.5 1.0 1.5 2.0 2.5 3.0
n
Fig. 2. (Color online) Velocity of fluid for the various values of M.
8
— Gr=Ge=2.0
Gr=Ge=25
o 6
Z Gr=Ge=3.0
g — Gr=Ge=35
S 4
> — Gr=Ge=4.0
=
=
=2
0
0 1 2 3 4
n
Fig. 3. (Color online) Velocity of fluid for the various values of Gr
and Ge.
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25 |
— B=2.0 — Pr=10
S
o 20 B=3.0 " Pr=15
=4.0 = Pr=2.0
£ s £ 10 '
e 15 — B=50 5 — Pr=25
L
> — B=60 E — Pr=30
T 10 &=
= = 0.5
=9 =l
0.5 =
0.0 0.0f .
0 1 2 3 4 5 6 7 0 1 2 3 4 5 6
n n
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profile vs the Prandtl number by looking at Fig. 6. The
Prandtl number is a measure that compares the mo-
mentum diffusivity to the thermal diffusivity. An in-
crease in the Prandtl number indicates that a decrease
in fluid temperature has occurred due to a higher
momentum diffusivity. This fact makes it abundantly
clear that the temperature of the fluid is unquestionably
increasing as a direct result of the expanding influence
of thermal diffusivity throughout the boundary layer
region.

As seen in Fig. 7, the temperature profiles rise with
an increase in thermal radiation and heat sink
parameters. Furthermore, given that one of the effects
of the radiation parameter and heat sink is to en-
hance heat transfer, the thickness of the thermal
boundary layer rises with an increase in the amount
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of thermal radiation and heat sink parameter.
Figure 8 illustrates the effect of the Schmidt number
on the concentration value. The conclusion that can
be drawn from this figure is that greater values of Sc
result in a decrease in both fluid concentration and
the layer thickness that it is related to. The ratio of
momentum diffusivity to heat diffusivity is called the
Schmidt number. Momentum diffusivity increases
with increasing values of Sc. Because of this, fluid
concentration is feeling down in the dumps. Figure 9
depicts the impact of time over concentration fluid. It
can be seen from the figure that the concentration
boosts with larger values of t.

Figures 10 and 11 describe the variations in the skin
friction and Nusselt number for the multiple values of
M and Rd against ¢. Skin friction exhibits upsurging
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values of behavior through M. It shows that the esti-
mations of Nusselt augment for larger Rd.

In the end, Figs. 12-14 sketch the streamline for the
various values of Gr, Gc, M and ¢. In Table 1, the many
possible combinations of the values for the parameters
Gr, Ge, M, t and (8 are compared to their corre-
sponding numerical values for the skin friction. An
enhancement in the importance of Gr, Ge¢, M and 3
augments skin friction, whereas there is deprecation in
skin friction with larger values of ¢.

Table 2 views the effect of various matters of Rd,
Pr, t and Q on Nusselt number. It is examined that
the Nusselt number is enhanced with larger values of
Rd, Pr, t and Q. Table 3 looks at various values of Sc
and t on the Sherwood number. As for the rising im-
portance of Sc and ¢, obtaining a higher in Sherwood
number.
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4. FINAL REMARKS

This study provides approximate analytical solutions
for the motion of Casson fluids over a porous subject to
the effects of MHD and mixed convection. We have
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J. Comput. Biophys. Chem. 2023, 22 (3), 361-370

achieved approximative analytical solutions for the
nondimensional velocity field, temperature profile, and
concentration distribution in the converted domain by
employing the Laplace transform. The impact of the
hidden parameters on the fluid velocity field, fluid
temperature profile, and fluid concentration distribu-
tion has been depicted graphically.

The following is an impression left on these charts:

o Magnetic field declines the fluid velocity.

e Fluid velocity accelerates with rising values of the
Casson fluid parameter.

e Thermal Grashof and mass Grashof uplift the fluid
velocity.

e As the Prandtl number increases, the fluid temper-
ature distribution decreases.

e Increase in Sc reduces fluid concentration.

e According to Table 1, skin friction enhances both the
Casson fluid parameter and the magnetic parameter.
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APPENDIX A

If a=Rd+Q, 77:2%/2’ (l—l—%) =0,, e = [B.,Pr—1,
€, = af, — M then Skin friction, Nusselt number and
Sherwood number are given by

=[5,
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