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Abstract

This study examines a steady laminar Casson fluid flow induced by a semi-infinite vertical plate under the impact of the
Darcy-Forchheimer relation and thermal radiation. The features of mixed convection, cross-diffusion, radiation absorption,
heat generation, chemical reactions and viscous dissipation are also considered to explain the transport phenomenon. The
resultant system of equations, concerned with the problem under consideration, is transformed into a group of non-linear
ordinary differential equations (ODES) by means of similarity variables. The bvp4c method, an instrument popular for its
numerical accomplishments, is utilized to solve this problem. The effect of flow parameters on heat transfer, concentration
and velocity is evaluated via diagrams. To validate our code, we have compared the present outcomes to the prevenient
literature, and stable consent has been detected. Moreover, the friction coefficient C , Nusselt number Nu,, and Sherwood

number Sh,, are also computed to assess velocity gradient, efficiency of heat transfer and mass transfer process, respec-

tively.
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1. Introduction

The review of non-Newtonian fluids has attracted a lot of inter-
est due to their wide applications in manufacturing and indus-
trial areas, particularly in polymer processing, the food industry
to optimize sensory aspects, the oil and gas industry, and the
formulation of beauty products. The Casson fluid, a shear-thin-
ning fluid with lower resistance under high strain rates, is one
variant of non-Newtonian fluids. Casson [1] was the one who
first discovered it. Later, it was developed by Heller [2] to an-
ticipate the flow properties of a pigment-oil mixture. Since

then, the Casson fluid flow has been discussed by several sci-
entists and researchers under various conditions. Ramana et al.
[3] investigated the influence of the melting processes on Cas-
son liquid. They noted that the large values of melting parame-
ter decrease fluid concentration. The flow of electrically con-
ducting Casson hybrid nanofluid along a vertical moving sur-
face was pioneered by Krishna et al. [4]. Kodi et al. [5] have
expounded on the heat and mass transfer of Casson fluid over
the vertical plate. The study specifically accounted for the in-
fluence of heat absorption. Recently, Jaffrullah et al. [6] inves-
tigated the impacts of Joule heating and MHD (magnetohydrody-
namics) on Casson fluid flow.
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Nomenclature

B, — constant magnetic field, T

B, — concentration slip parameter

B; —temperature slip parameter

B,, — velocity slip parameter

¢, —specific heat at constant pressure, J kgK*
cs — species susceptibility, J kgK?

C - fluid concentration, kg m-3

C, —drag force coefficient

Cy, —local skin friction coefficient, N m?
C,, —wall concentration, kg m

C, — ambient concentration, kg m

D, — mass diffusivity factor, m?st

Du — Dufour number

Ec — Eckert number

f - dimensionless stream function

f' —dimensionless velocity

Fr — Forchheimer number

g - gravitational acceleration, m s
Gm - concentration Grashof number

Gr — temperature Grashof number

K, — porous medium permeability, m?

K, — porosity parameter

K. — chemical reaction constant, s*

K¢ — chemical reaction parameter

Kr —thermal diffusion ratio, m?s!

k* —mean absorption coefficient, mt

Lo, —velocity slip factor, m

M —magnetic parameter

M, —thermal slip factor, m

N, — concentration slip factor, m

Nu,— Nusselt number

Pr —Prandtl number

Q, — constant heat generation/absorption coefficient, W m3K-1
Q" —heat generation/absorption parameter
q, —radiation heat flux, W m2

qw —wall heat flux, W m

R, - radiation absorption coefficient, W kg

Fluids that exhibit boundary slippiness have numerous ap-
plications in tribology, influencing friction and reducing attri-
tion in various mechanical systems such as engines and bear-
ings. Furthermore, in the range of thermal exchangers, it signif-
icantly improves heat transfer efficiency across several indus-
trial processes. Navier [7] initially came up with the concept of
boundary slippiness. Later, Krishna and Chamkha [8] investi-
gated the impact of slip on nanofluid flow from a vertical plate
in the porous medium. Obalalu et al. [9] introduced the impact
of velocity slip on the Casson nanofluid flow over a permeable
surface. They noted a drop in velocity subject to large scales of
slip parameters.

The theory of hydromagnetic flow has attracted a lot of sa-
pidity in many industrial areas, particularly in the rate of cooling
of ending materials [10]. The magnetic fields have also shown
an appreciable interest in navigation systems, induction heating
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R* —radiation absorption parameter
Re,— Reynolds number

S —suction/blowing parameter

Sc — Schmidt number

Sr — Soret number

Sh,.— Sherwood number

T —temperature, K

T,, —mean temperature, K

T,, —wall temperature, K

T,, —ambient temperature, K

u, v— velocity components, m s

vy — velocity suction/blowing, m s
U, - velocity at wall, m s

x, y— Cartesian coordinates, m

Greek Symbols
Bc — solute expansion coefficient, m3 kg
Br — heat expansion coefficient, K

y — Casson parameter

6 — dimensionless temperature

n —similarity variable

k —thermal conductivity, W m1K?

u - dynamic viscosity, Pa s

p - fluid density, kg m-3

o - electric conductivity, £ m?

o* — Stefan-Boltzmann coefficient, W m2K-*

v — viscosity, m%s!
1 — stream function. m?s!
¢ — dimensionless concentration

Subscripts and Superscripts

0 — condition at wall
w — condition at wall
o —ambient condition

' —differentiation with respect to 5

Abbreviations and Acronyms

IVP —initial value problem

MHD- magnetohydrodynamics
ODE - ordinary differential equation
2D —two-dimensional

systems, MRI (magnetic resonance imaging) machines, and cli-
mate phenomenon management. Chamkha [11] deliberated on
steady flow along a vertical plate under a magnetic field. Kumar
et al. [12] have proposed the influence of magnetic fields on free
convection fluid flow through porous sheets with chemical re-
actions. Lately, Raghunath et al. [13] have discussed MHD flow
from an unbounded plate with radiation absorption. They re-
ported a reversed effect on velocity subject to the magnetic pa-
rameter.

The phenomenon of fluid flow in porous media is utilized in
many branches of engineering and applied sciences, particularly
filtration, soil mechanics, petroleum engineering and water
quality. The obtainable articles evidence that a lot of discussion
has been stated about the problems of porous media that are de-
veloped by utilizing Darcy’s theory. To forecast the effect of in-
ertia, a quadratic term of velocity in the model of Darcian veloc-
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ity is introduced by Forchheimer [14]. Aleem et al. [15] dis-
cussed the effects of chemical reactions and Newtonian heat on
MHD nanofluids via Darcy medium. Nasir et al. [16] proposed
a model by using Darcy-Forchheimer and entropy analysis ef-
fects on nanofluid.

The study of mixed convection flow plays a vital role in ther-
mal engineering, especially in designing heating, cooling and
ventilation systems for various applications. It is frequently
found in extremely high-power output devices to dissipate all of
the heat necessary. Bilal et al. [17] explored that the mixed con-
vection of hybrid nanofluid increased the velocity profile. Sinha
and Yadav [18] evaluated a numerical simulation of the convec-
tive slip flow over a porous plate. Roy et al. [19] focused on the
transfer of heat via convection.

Engineering innovations like fluid gyroscopes and centri-
fuges involve suction and blowing, which is also in geophysics.
In fact, chemical reactions use suction to eliminate reactor com-
ponents [20]. On the contrary, blowing is applied to connect re-
actor components which chill planes and decrease drag [21].
Hussain et al. [22] have nicely explained the MHD flow of Wil-
liamson fluid with suction/blowing.

Chemical reactions have a major role in industrial processes
due to their use in maximizing production and minimizing
waste. Bejawada et al. [23] investigated the impact of radiation
and chemical reactions on MHD Casson fluid flow over an in-
clined, non-linear surface. Raju et al. [24] analyzed the Soret
impact on the water-based Jeffrey fluid flow from a semi-infi-
nite vertical plate with chemical reactions and found an inverse
behaviour of the reaction parameter on the concentration profile.
Zhao et al. [25] had incurred chemical reactions in the flow of
nanofluid to improve the concentration profile.

Thermal radiation is an essential concept in many engineer-
ing applications and significantly impacts the boundary layer
flow due to its uses in technological and industrial fields such as
polymer processing, re-entry vehicles, high-speed flights, fur-
nace design and space technologies like aerodynamic rockets,
propulsion systems, missiles, etc. Therefore, the effect of heat
radiation cannot be disregarded. The word emission is widely
used to signify the radiation of heat [26]. Asha and Sunitha [27]
deliberated on the impact of radiation on peristaltic blood flow.
In this literature, the approximation method (HAM — homotopy
analysis method) is applied to explore the numerical solution.
Later on, Abbas et al. [28] studied the Sakiadis flow with varia-
ble density and radiation impacts. Saravana et al. [29] analyzed
the impact of radiation on fluid flow.

The phenomena of heat generation/absorption hold signifi-
cant importance in various engineering and industrial processes,
such as fertilization, filled-bed reactors, waste stowage materials
and dissociating liquids. It is an essential characteristic of MHD
Casson fluid flows. Gambo and Gambo [30] applied the influ-
ence of heat generation/absorption on fluid flow generated by
a vertical annulus. This investigation took into account the ex-
istence of a magnetic field. Rao et al. [31] dealt with the effect
of radiation absorption and heat sink/source on MHD free con-
vective Casson fluid flow. They observed that the radiation ab-
sorption parameter adversely affects the Nusselt number. There-
after, the idea of heat generation/absorption over ternary
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nanofluid flow was explored by Manjunatha et al. [32]. MHD
heat transfer of Casson fluid over a moving wedge in the pres-
ence of internal heat generation/absorption impact is explored
by Amar et al. [33].

The exploration of viscous dissipation and Joule heating has
captured interest in their contribution to fluid flow and temper-
ature distribution owing to their broad utility in many industrial
and engineering applications [34]. These are the most significant
thermal properties of fluid flow. Viscous dissipation is the mod-
ification of kinetic energy into heating energy under friction.
Brinkman [35] initially came up with the concept of viscous dis-
sipation. He also took into account the transportation of heat by
convection. Later, Swain et al. [36] discussed the MHD flow of
non-Newtonian fluid through a stretching sheet in the presence
of viscous dissipation. They noted that the large values of the
viscous parameter helped to raise the temperature. Das [37] ob-
served the impacts of Joule heating and viscous dissipation on
the Casson fluid's MHD convective slip flow over the inclined
plate with thermal radiation. Sadia et al. [38] numerically ana-
lyzed the impact of Joule heating on the flow of Jeffrey fluid.

Thermo-diffusion, also known as thermophoresis or the So-
ret impact [39], is a phenomenon where particles migrate in
a fluid through the interaction between the temperature and con-
centration gradients. It has applications in various fields such as
heat transfer, particle separation and colloidal science. The dif-
fusion-thermo or the Dufour effect [40] is the mutual phenome-
non of thermo-diffusion. The presence of the Dufour effect is
crucial in binary gas mixtures. A theoretical discussion of heat
transfer on absorption kinetics with thermo-diffusion impact is
explored by Krenn et al. [41]. The flow behaviour of hybrid
nanofluid between two parallel plates was studied by Revathi
et al. [42], with a specific focus on the impact of cross-diffusion.
An increase in temperature is observed with an increasing
Dufour number in this literature. Lately, Ullah et al. [43] con-
ducted a study to explore the effect of cross-diffusion on Jeffery-
Hamel flow in a stretching channel with Joule heating.

In sight of the extant literature, which primarily focuses on
the discussions of steady flow of Casson fluid under different
features [44-46], there is a notable gap in research regarding the
examination of the combined impact of chemical reaction, radi-
ation absorption, slip and heat source/sink on flow and heat
transfer over a semi-infinite vertical plate in Darcy porous me-
dium. This is the novelty of the present study. Inspired by this
identified research gap, our goal is to yield a more elaborate un-
derstanding of the complex interplay between flow patterns and
heat transfer conductors by incorporating these complex factors.
The insights gained from this comprehensive analysis hold sig-
nificance in various industrial processes like filtration, the food
industry, climate phenomenon management, furnace design, and
so forth. It can also aid our understanding of heat transfer in re-
newable energy systems.

2. Mathematical formulation

In order to construct our problem, we have made the following
assumptions:
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e The electrically conducting, non-compressible Casson
fluid over a semi-infinite vertical plate in a Darcy porous
medium is deemed.

e The plate is deemed to be along the vertical axis, i.e. the
x-axis.

e The flow is regarded as steady, 2D, radiative, laminar,
and mixed convective.

e T, and C, are the temperature and concentration at the
plate, respectively.

e B, is the constant magnetic field employed at a right an-
gle to the flow axis.

e In order to disregard the Hall impact and the propelled
magnetic field, the magnetic Reynolds number is as-
sumed to be low [47,48].

e T, and C, are the ambient temperature and mass, respec-
tively.

The flow problem sketch is displayed in Fig. 1.
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Fig. 1. Geometry of the flow problem

The rheological formula [3] for the Casson fluid model is:

2 (ub + \/_) ey, T >,
Ty = 1)

2 (,ub J_> ey, T<T,

where: 7;; — (i, j)* component of the stress tensor, u;, — plastic
dynamic viscosity of the fluid, p,, — yield stress of the fluid, e;; —
(i, j)*" component of the deformation rate, = e;;e;; — product
of the component of deformation rate with itself, . — critical
value of this product based on the non-Newtonian model.

To the impression as mentioned above, the modelling equa-
tions are described as follows [13,44,46]:

6_u v

=0, @
ou ou _p *u  ogB®  u
u5+v5_p( V)0y2 b U pKou+
c
+glB (T ~T) 4 elC— CA -2, @)

g—i+vg—;) :ki’z—T+u(1+1)(a—”)2—%+

poKT a%c

+0By*u? + Qo(T — To,) + Ro(C — Cop) + 22T T (4)
ac ac _ 9%C | DmKT 3*T _
ua— + Ua Dm 9y2 Ty 02 KC(C Coo) (5)
The associate boundary conditions:
ju =Up+Lo(147) 5, v=-m(),
ac
T=TW+MOE, C=Cy+NoZo at y=0; (6)
u—->0, T->T, C-Cy, as y — oo,

Here, u and v are the fluid speeds along x- and y-axes, respec-
tively, ¢, denotes the species susceptibility, K; and K, signifies
the thermal-diffusion and constant of chemical reaction, respec-
tively, heat expansion is expressed by Br, u, p are dynamic vis-
cosity and liquid density, respectively, y is the Casson parame-
ter, K, is the porous medium permeability, g, — heat fluctuation,
Cy, B¢, D, T, and o stand for drag force factor, solute expres-
sion, mass diffusivity, mean temperature and fluid electric con-
ductivity, respectively, R,,Qo, and c, are the coefficients of ra-
diation absorption, heat source/sink and specific heat, respec-
tively, velocity suction/blowing is expressed by v, (x).

Incorporating the Rosseland approximation [49] for g, as
follows:

40" OT*
3k* ay’

qr = — (7

and extending the term T* in Taylor’s expansion around T, by
ignoring high-order terms as

T* = 4T3T — 3T%, (8)

Eq. (4) can consequently be reformulated as

aT aT 2 ou
pcp(ua+v6y) k—+aBo u +u(1+ )(ay) +
TR T4 Qo(T — Ti) + Ro(C — ) +222K122  (g)

Now, we introduce a dimensional variable n and functions
f(m),0(), and ¢(n) as follows:

n= (i =t v =
lp(x)z\/m}c(rl) ¢(TI)— ¢ C°°. (10)

Enforcing Eq. (10) into Egs. (3), (5), (6) and (9), we obtain
the following set of ordinary differential equations (ODES):

(1+$)f”’+Gr6—Mf’—Frf’2+Gm¢>+
K f'+ ff'=0

o (1+3N) 0" +F0 +Dug” +Ec (142) £+

(11)
+EcM f?+Q*60+R* ¢ =0, (12)

" +Sr 0" +f P — K p=0, (13)
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and the boundary conditions:

f@ =S, f(©=1+(1+1)B,f"(0),

6(0)=1+B,6'(0), p(0)=1+B.¢'(0) atn =0, (14)
f'-0 6-0 ¢-0 as n - o. (15)
The relevant parameters are further specified as:
— *m3
Gr = w — heat Grashof number, N = 4Z ka° —radia-
0
tion parameter, Fr = 22X _ Forchheimer number, K, = —2 —
VK, KoUp
porosity parameter, Gm = w — mass Grashof hum-
0
2 2
ber, M = 228X _ magnetic parameter, Ec = — %' Eck-
cp(Tw—Too)

2Qox

ert number, Q* = vopes heat generation/absorption factor,
0PCp

¢ DmKT (Cw—C
Pr =222 _ prandtl number, Du = 2T Ew=Co) _ pufour

k vesep  (Tw—Too)

H DmK: Tw—T:
number, Sc¢ == — Schmidt number, Sr = 2T JwTe) _
D VTm  (Cw—Coo)

2RoX  (Cw—Ceo)
Uopcp (Tw—Too)

. 2x .
—reaction parameter, S = (2 T suction
\J 0

Soret number, R* = — radiation absorption pa-

2K,
rameter, K. = —<
Uo

(> 0)/blowing (< 0) parameter, B, = L, /ZUT‘; — velocity slip

factor, B, = M, /Z}—‘; — thermal slip factor, and B, = N, /ZUT‘; -

concentration slip factor.

Our concentration is now directed towards the examination
of vital physical quantities, specifically skin-friction factor
(Cfx), Nusselt number (Nu,) and Sherwood number (Sh,).
These paramount parameters play a fundamental role in deci-

phering flow dynamics and heat attributes. Their explicit formu-
lations are presented below:

20(1+3)(55), _
T (16)
x<k+16;’;f§°)(§—§)
— =0
N =~ 17
*(3). _,
th = - m (18)

Enforcing the similarity transformations given in Eq. (10), we
get:

1

Cp, = E@ +2) (0, (19)
Nu, = —JRe, (1+2N)6'(0), (20)
Sh, = —\/Re,¢'(0), (21)

where Re,, = % is the Reynolds number.

3. Numerical methodology

To evaluate the flow problem, the numerical technique bvp4c is
exploited in MATLAB software. The initial step is to transmute
the group of higher-order ODEs provided in Egs. (11)—(13) and
the boundary conditions in Egs. (14)—(15) into an initial value
problem (IPV) via a first-order process:

f=v0 "=y f"=y3 0=y, 0" =5,
¢=y6' ¢’=)’7;

, 1
Y3 = (E) My, + Fry,> + Ky y,—y1 y3 +
¥

—Gry, —Gmyg). (22)

(Ecl(147) ya?+M ¥22] +31 y5+Q" y4+)

r_ +R* ye+Dusc (K¢ y6=Y1 ¥7) }
Ys = —Pr (1+3N—PrDuscsr) (23
y7 = —Sc(y1y7 + Srys — Kcys), (24)

subject to:
1
{ 1O =5 %O =1+(1+]) Bys @, o
¥4(0) =1+ B, y5(0), ¥6(0) =1+ B, y,(0),

220, ¥, 20, yo >0 as n - co. (26)

To provide a more precise estimate of the outcomes, the val-
ues of y;(0), ys(0) and y,(0) are improved with a maximum
error of 1075 and a step size of h = 0.1.

4. Validation of our code

In order to evaluate the precision of the proposed numerical tech-
nique, our results are compared with the outcomes achieved by

Table 1. Comparative analysis of Cfx’ Nu,, and Sh,, with previous outcomes.

Alam et al. [44] Ram et al. [46] Present result
Sr Du Cr, Nu, Sh, Cs, Nu, Sh, Cy, Nu, Sh,,
2.0 0.030 6.2285 1.1565 0.1531 6.22686 1.15620 0.15352 6.2260 1.1561 0.1535
1.6 0.037 6.1491 1.1501 0.2283 6.14662 1.14971 0.22866 6.1466 1.1497 0.2287
1.2 0.050 6.0720 1.1428 0.3033 6.06948 1.14235 0.30358 6.0695 1.1423 0.3036
0.8 0.075 6.0006 1.1333 0.3781 5.99810 1.13285 0.37840 5.9981 1.1329 0.3784
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Alam et al. [44] and Ram et al. [46]. The values of Cfx' Nu, and

Sh, are compared with the results of Alam et al. [44] and Ram et
al. [46] for different levels of Sr and Du in Table 1 by taking
Sc=0.22, Pr=0.71, Gr=10, M =0.3, Gm =4, S =0.5,
Fr = K. =K, = Q*=Ec=N=R*"=B,=B, =B, = 0,
y — o, Re, = 1. After making the comparisons, the bvp4c code
was found to be precise and highly efficient.

5. Results and discussion

To figure out the physical understanding of the work, the numer-
ical calculation is examined for various factors, and the pos-
sessed outcomes are manifested with the assistance of diagrams
and tables. The context values in the existing study were chosen
as y=05 Gr=4, Gm= M =Pr=2, N=15, Sr=
Ec= Q*"=0.2, Du=Sc=06, S=R" =K, =05, Fr=
K, = B, = B, = B, = 1.0, Re, = 1 and maintained fixed dur-
ing the computations. Here,

Schmidt number Sc = 0.6, signifies water vapour;
Prandtl number Pr = 2, assents physically to water;
Du and Sr are selected so that their multiplication is
stable, and the mean temperature T,,, remains stable as
well;

other values are selected at random.

The outcomes possessed from the numerical calculation are
presented by figures displaying velocity f'(n), temperature dis-
tribution 8(n) and concentration ¢ (n).

The change of the velocity amplitude f'(n) for diverse Cas-
son factor (y) values is depicted in Fig. 2. Regarding that, an
enhancement in y decreases the flow rate magnitude. Because
the augmentation in y increases the yield stress, which bans the
flow and molecules interplay, the substance develops a viscous
bond. As a result, when y increases, the flow rate decreases.

The effect of M on the velocity is verified in Fig. 3. It is ex-
plicit that velocity amplitude f'(n) decreases with growth in M.
The existence of magnetic induction in an electrically conduct-
ing liquid propels a protesting force named Lorentz force that

0.8

0.6
i)

¥=0.3,05,07, L0
0.4

0.2

Fig. 2. The change of velocity with diverse values of y.
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0.8

/X3

fi(m)
M=1.0, 15,2.0,2.5

0.4

0.21

0

0 2
7

Fig. 3. The change of velocity with diverse values of M.

slows down the fluid motion. For the grater values of M, the
Lorentz force becomes more apparent, leading to a damping in
f'(m). Conversely, the tiny values of M result in a significant
augmentation in f'(n). Hence, by adjusting the strength of the
magnetic field, one can achieve the desired flow rate, which may
be crucial for mechanical reasons when controlling fluid flow.

Figures 4 and 16 delineate the effect of S on dimensionless
profiles f'(n) and 8(n), respectively. It is noticed that suction
(S > 0) detracts flow rate and temperature phenomena, while
blowing (S < 0) augments them. This is because, suction
(S > 0) tends to thin the flake, while blowing (S < 0) thickens
it. This alteration in extent of the flake thickness influences fluid
flow near the surface. Also, the thermal transmission rate (from
the fluid to the surface) is slowed down. Thereby, suction or
blowing can be used to control flow separation.

1.4

1.2

0.8F

ftm

§=-1.0,-0.5, 0.0, 0.5, 1.0
0.6

0.4

0.2

Fig. 4. The change of velocity with diverse values of S.
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The change of the velocity amplitude f'(n) for diverse val-
ues of heat (Gr) and mass (Gm) Grashof numbers is depicted in
Figs. 5 and 6, respectively. It is manifested that a significant in-
crease in surface refrigeration causes Gr and Gm to rise, result-
ing in an increase in velocity. Also, the growth in the value of
Gr and Gm has the inclination to augment the thermal and mass
buoyancy stress.

08k

0.6

fitm
Gr=2.0,3.0,4.0,50
0.4

0.2

Fig. 5. The change of velocity with diverse values of Gr.

08t N\

Gm=1.0, 2.0, 3.0, 4.0
0.6}
i

04

02

Fig. 6. The change of velocity with diverse values of Gm.

Figure 7 plots the behaviour of dimensionless profile f'(n)
with K. It should be noticed that the larger values of K; suggest
a porous medium with low permeability and high dynamic vis-

cosity as K; = KZL; which produces a higher fluid flow re-
ovYo

sistance. As seen in Fig. 7, rising values of K; result ina drop in

f'(n). Thus, the existence of porous media leads to a drop in

flow velocity.
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0.9

0.8 1

0.6F
K, =10,20,3.0,4.0
rm

0.4

0.2

Fig. 7. The change of velocity with diverse values of ;.

Figure 8 exhibits the effect of B, on velocity profiles. Ini-
tially, the velocity decreases as B,, grows, but after n = 1.5, it
slightly rises. This is because, as the slip stage happens, the ve-
locity of the semi-infinite plate is not as analytic as the velocity
of the flow near the plate.

B =0.3,05,07 10

08 r

0.6
fn)

0.4r

0.2r

Fig. 8. The change of velocity with diverse values of B,,.

Figures 9 and 17 delineate the impressions of Dufour quan-
tity Du on f'(n) and 6(n), respectively. These profiles exhibit
that f'(n) and 8(n) both boost with rising values of Du. Physi-
cally, Du is the proportion of thermal diffusion and mass diffu-
sion. For higher values of Du, thermal diffusion occurs much
more effectively, and viscosity drops, leading to an augmenta-
tion in both f'(n) and 6(n).
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0.8k N

06r

iy Du =104, 0.6,0.8, 1.0

04r

02r

Fig. 9. The change of velocity with diverse values of Du.

Figure 10 declares the role of Fr on the momentum profile
f'(n). We detected that the momentum profile decreases as Fr
rises, while it slightly increases away from the plate. Physically,
grater values of Fr suggest a porous medium with low permea-

bility and high dynamic viscosity as Fr = chbe which produces
0

a higher fluid flow resistance.

0.9

0.6

Fr=10, 20, 3.0,4.0
rtm

04

0.2

Fig. 10. The change of velocity with diverse values of Fr.

Figures 11 and 18 delineate the impressions of Ec on f'(n)
and 6(n), respectively. These profiles exhibit that velocity and
temperature experience an increase with an increment in the dis-
sipation parameter Ec. The existence of viscous dissipation
causes the conversion of kinetic energy into internal energy as
the fluid performs work against viscous forces. As a result, we
may state that f'(n) and () both are rising.
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Fig. 11. The change of velocity with diverse values of Ec.

Figures 12 and 19 depict the responses of dimensionless pro-
files f'(n) and 8(n) to diverse values of N within the boundary
layer region, respectively. We detected that f'(n) and 6(n) both
rise as N increases. Physically, increasing values of N enhance
the heat transfer performance from the plate to the fluid. There-
fore, more heat is transmitted into the fluid for higher values of
N. As a result, the surface temperature decreases, but the thermal
boundary layer thickens.
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fitm
N=15 20,2530

0.4
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Fig. 12. The change of velocity with diverse values of N.

The change of the temperature 6(n) for diverse Casson factor
(y) values are depicted in Fig. 13. The yield stress or critical
shear rate encourage molecular rigidity, which bans the liquid
molecules from interplaying. In this context, when y increases,
the temperature distribution 6 (n) decreases.
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Fig. 13. The change of temperature with diverse values of y.

Figure 14 is outlined to infer the effect of M on temperature.
We found that the larger values of the magnetic parameter cause
arise in 8(n). This is because the higher values of the Lorentz
force generate heat energy in flow, which promotes the increase
of the thermal boundary layer.
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M=10, 15 2.0,2.5
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Fig. 14. The change of temperature with diverse values of M.

Figure 15 depicts the variation in dimensionless profile 6 ()
for diverse values of Pr. It has been observed that fluid temper-
ature reduces with enhanced Pr. This is due to the fact that the
thermal conductivity of the substance is decreased with augmen-
tation in Pr, resulting in a deficit in the thermal boundary layer.
Additionally, Fig. 20 points out that the temperature 8(n) re-
duces as B, rises because low heat is transported from the plate
to the fluid.
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Fig. 15. The change of temperature with diverse values of Pr.
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Fig. 16. The change of temperature with diverse values of S.

The effect of Q* on 6(n) has been illustrated in Fig. 21. It
indicates that heat transport is enhanced by internal heat gener-
ation (Q* > 0). Consequently, the thermal boundary layer dis-
tends for greater values of Q* (> 0). This phenomenon arises
because an increase in the heat suction parameter amplifies the
heat energy in the flow arrangement, thereby thickening the
thermal boundary layer. It is also noted that increasing Q* (>
0), causes a reduction in the heat transfer rate.

Figure 22 depicts the change of temperature 6 (n) with var-
ied values of R*. It indicates that heat transport is enhanced by
increasing values of R* as heat is absorbed by the buoyancy ac-
curate flow. Additionally, the thermal boundary layer thickness
increases.
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Fig. 18. The change of temperature with diverse values of Ec.

Figure 23 depicts the change of concentration ¢ (n) with dif-
ferent values of Sr. We detected that ¢ (n) is increased by aug-
mentation of Sr. The impact of the Soret number is demonstrated
by a dynamic molecule under the effect of temperature slope.
This passes heavy molecules to a cold arrangement and slight
molecules to a hot arrangement, which hereby leads to an en-
hanced concentration profile. Figure 24 portrays the change of
concentration ¢ (n) with varied values of Sc. Physically, Sc is
the proportion between kinematic viscosity and mass diffusivity,
and the increment in mass diffusivity reduces Sc. So, the increas-
ing trend in Sc reduces the species concentration. Additionally,
Fig. 25 exhibits the effect of S on concentration ¢(n). We de-
tected that ¢(n) is reduced by augmentation in S. This implies
that the density of the concentration boundary layer decreases.
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Fig. 19. The change of temperature with diverse values of N.
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Fig. 20. The change of temperature with diverse values of B,.

The effect of K/ on concentration ¢ (n) is verified in Fig. 26.
We explored that ¢(n7) diminishes as K. boosts. This is because
as K/ increases, the fluid becomes polarized, and the particles
spread, decreasing the concentration of the fluid flow.

The change of Cfx against K; for two values of M is shown

in Fig. 27. Itis observed that Cfx reduces by raising both K; and

M. Thus, the porous media with low permeability have a con-
siderable role in enhancing the fluid flow resistance.

Figure 28 illustrates the tendency of Nu, with the change of
Pr for Du = 0.6, 1.0. It is detected that Nu, reduces by raising
Pr and Du both. Moreover, Fig. 29 exhibits the behaviour of Sh,,
against K. for two values of Sc. From this, it is noted that Shy
grows with enhancing both K. and Sc.
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Fig. 22. The change of temperature with diverse values of R*. Fig. 24. The change of concentration with diverse values of Sc.
To comprehensively characterize the dynamics of flow and
heat transfer, vital dimensionless physical quantities C;_, Nu, Table 2. Data of Cyfor varying levels of M, Fr, K, when Re, = 1.
and Sh, are meticulously examined for varied governing param- M Fr K, lop
X
eters. 1.0 1 1 -0.0998
Tables 2 and 3 depict the reactions of Cfx and Sh,, to varied 15 1 1 -0.1606
values of governing parameters, respectively. A reduction in Cr, 20 1 1 -0.2178
. . . 2. 1 1 021
is observed for enhancing values of M, Fr and K;. Simultane- 0 0-2178
. . 2.0 2 1 -0.3367
ously, the Sherwood number Sh,., another crucial quantity, ex-
- - A . 2.0 3 1 -0.4268
hibits a distinct pattern, i.e. it undergoes a notable escalation for
. . 2.0 1 1 -0.2178
increasing values of K., Sc and Sr. o . , 03764
In Table 4, we investigated how the parameters N, Q*, R”, : ’
20 1 3 -0.5016

and Du affect the Nusselt number Nu,. It has been found that
Nu, decreases with an increase in the parameters Q*, R* and Du,
while it grows under the influence of N.
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Fig. 26. The change of concentration with diverse values of K.

Table 3. Data of Sh,, for several levels of K, Sc, Sr when Re,, = 1.

K.
0.5
1.0
1.5
0.5
2.0
2.0
2.0
2.0
2.0

Sc
0.6
0.6
0.6
0.4
0.6
0.8
0.6
0.6
0.6

Sr
0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.4
0.6

sh,
0.4937
0.5348
0.5651
0.4314
0.4937
0.5402
0.4937
0.5042
05157
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Table 4. Data of Nu, for different levels of N, Q*, R*,Du when Re,, = 1.

N
15
2.0
2.5
15
1.5
15
13
15
13
15
1.5
15

10 12 I

Pr

4 16 18 26

Fig. 28. Variance in Nu, against Pr and Du.

0
0.2
0.2
0.2
0.1
0.2
03
0.2
0.2
0.2
0.2
0.2
0.2

R
0.5
0.5
0.5
0.5
0.5
0.5
0.3
0.5
0.7
0.5
0.5
0.5

Du
0.6
0.6
0.6
0.6
0.6
0.6
0.6
0.6
0.6
0.4
0.6
0.8

Nu,
0.1603
0.2116
0.2612
0.3073
0.1603
-0.0086
0.2627
0.1603
0.0617
0.2593
0.1603
0.0608
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Fig. 29. Variance in Sh,, against K/ and Sc.

6. Conclusions

In the current work, the influence of radiation absorption and
viscous dissipation on the MHD mixed convection flow of Cas-
son fluid from a semi-infinite vertical plate has been investi-
gated mathematically. The governing equations were solved nu-
merically employing an entirely inherent bvp4c method. The
comparative interpretation was also noted pictorially. The ef-
fects of several physical parameterson f'(n), 6(n) and ¢(n) are
described as follows:

e Suction parameter (S > 0) lowers the velocity, temper-
ature and concentration profiles, while the effect of the
blowing parameter (S < 0) is reverse.

e Anenhancement in the parameters N, Ec, and Du led to
a rise in temperature and velocity, while the effect of
the Casson parameter is opposite.

e A growth in the parameters K;,B,, M, and Fr led to
a reduction in velocity, while the effect of Gr and Gm
is reverse.

e A growth in the parameters Q*, R*and M led to an aug-
mentation in temperature, while the effect of Pr and B,
is reverse.

e An increase in the reaction parameter and Schmidth
number led to a reduction in the concentration profile,
while the effect of the Soret number is opposite.

e The local skin friction decreased with improvements in
magnetic parameter, Forchheimer number and porosity
parameter.

e The local Nusselt number was reduced with an en-
hancement in Prandtl number, heat generation parame-
ter, absorption parameter and Dufour number while in-
creasing with the radiation parameter.

e The Sherwood number was enlarged with an enhance-
ment in the Soret number, Schmidt number and reac-
tion parameter.
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