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Abstract: - The impact of rotation and chemical reaction are examined concerning the MHD flow of
incompressible, viscous, and electrically conducting fluid over an inclined moving heated porous plate. It has
been described how mass transfer affects MHD mixed convection flow across an infinite vertical plate. The
perturbation approach is utilized to solve the coupled partial differential equations that are non-linear. Graphs
have been used to study and analyze the effects of various relevant parameters on concentration profile,
temperature, and velocity profile. These parameters include the Schmidt number (Sc), Grashof number (Gr),
Prandtl number(Pr), modified Grashof number(Gm), heat source (¢), Rotational (R), chemical reaction (y),
magnetic field (M) permeability parameter (K) and angle of inclination (o). An explanation of the linked heat
and mass transport processes is given. We noticed that the velocity decreases for rising the value of Rotational
R. The findings of the current study are comparison with the outcome obtained by Veeresh C et al. in the
presence of Rotational; our results seem to be in useful accord with the data that are already available.
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1 Introduction with a single rotor that revolves inside stationary
Rotating flow is vital for a variety of scientific, casings. In t_hese situations, tracking .the flow from a
engineering, and product design purposes. The topic ﬁxed coordinate system to the rotating components
offers a way to simulate and consequently, develop is very helpful. There remains a prolonged gap, so in
things like vacuum cleaners, jet engines, and pumps. addition to giving the reader observation into
The concept of rotation is often essential to customizing regular and particular rotating flow
comprehending and simulating the particular flow applications, it seeks to describe the topic of rotating
mechanics, even in applications where it is not flow anq. related -phenomena. ) For many
immediately  apparent. The mathematical mathema.tlclans,-phyglclsts, gnd engineers, the topic
description of rotating flow can be formulated from of rotating fluids is crucial. Rotation and sun
the viewpoint of a stationary observer. Since all of radiation work together to regu@ate the weather
the boundary conditions impacting the flow would system on Earth. The earth’s rotation causes the jet
be described in terms of the rotating frame, it is Wlnd and ocean glrculatlons; rotation-induced SVerl
frequently more straightforward to modify the 18 \yhat gives rise to extreme phenomena l}ke
momentum equation so that they can be applied in a h.urrlcanes apd tornadogs. Appllcatlops involving
rotating frame of reference. This is particularly true circle, and pipe geometries and comparing non-zero

for a variety of rotating machinery, including those
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vortex to irrational flow, in which fluid particles
flow in straight lines are highlighted.

The fluid flow actions of an electrolyte in the
direction of a field of magnets are the subject of
magnetohydrodynamics. Several key discoveries
about the transfer of heat and mass in MHD are
made, including improved heat transfer, control of
flow, and linked phenomena. Rotation can affect the
MHD’s overall results, the flow’s uniformity, and
capacity to transport heat. Heat transmission in
porous media is essential in several domains, such as
chemical production, nuclear reaction cooling, MHD
generation, geothermal energy extraction, and
petroleum engineering. Heat and mass transmission
are crucial concepts in many scientific and technical
applications; they are involved in heat engines, heat
diodes, thermodynamic heating elements, and
chemically processed heat exchangers, among other
systems. Additionally, mass transfer plays a
significant role in procedures like absorption and
filtration through membranes. In this three-
dimensional setting, this study aims to investigate
the characteristics of such flow [1], [2], [3].

In their research, [4] examined the transport of
heat through radiation. The evaporation of ethanol is
an example of a process where the transfer of mass
by air circulation is observed and mass transfer
principles are used in a variety of domains including
metallurgy, household humidifiers, astrophysics, and
geophysics. The radiation effect on the unstable
convection-free movement via a titled permeable
plate with a heat source was covered by [5]. In the
presence of the radiating effect, [6] investigated the
independent convection and heat transmission of a
Couette flow across an infinitely porous plate.

The heat source flow of MHD between
vertically alternate conduction walls with the Hall
effect was covered by [7]. The Hall and rotating
effects on an unstable MHD rotating circulation for a
second-grade flow through a medium when chemical
reactions and an associated magnetic field were
additionally present were studied by [8]. Because
chemical reactions have so many practical uses, such
as melting, ceramics, glassware manufacturing, and
catalytic reactors, inquiry into heat and mass transfer
using these reactions has expanded dramatically.
These reactions fall into two categories:
heterogeneous, which happens at interfaces or
limited places, and homogeneous, which happens
throughout the process.

[9] described the potential effects of suction on
a homogeneous rotating vertical surface in a
chemical reaction. Moreover, research on plasma
confinement shows promise in resolving the world’s
energy crisis, a critical issue facing human society
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by [10]. The effect of sliding overflow of fluids that
are both non-Newtonian and Newtonian was covered
by [11]. The effects of homogencous transverse
magnetic fields applied to solid surfaces or fluids
have been widely studied in MHD research. For
several applications in several disciplines, including
weather, solar science, intergalactic fluid dynamics,
astronomy, and geophysical sciences.

In industrial settings, magneto-convection plays
a particularly important role in processes like
controlled  fusion  research, electromagnetic
pumping, crystal growth, MHD bearing, plasma jet
operation, and magnetic regulation of melting iron in
steel production. It also affects fluid metal refreshing
in nuclear reactors. Furthermore, the design and
functioning of dependable machinery in the
industrial sector, nuclear power stations, turbines for
gas, and engine systems for airplanes, missiles,
satellites, and spacecraft depend on radiation heat
and mass transfer. Gaining an understanding of these
connections is essential to developing technologies
and enhancing output in these vital domains [12],
[13], [14], [15] and [16].

[17] explored the impact of impulsive motion on
Eyring-Powell nanofluid flow across a rotating
sphere, incorporating MHD and convective regimes
with entropy analysis. Their focus on non-
Newtonian fluids and the combined effects of
magnetic fields and fluid rotation adds depth to
current MHD studies, particularly in systems
influenced by impulse forces and nanofluid
characteristics [18] delve into the mixed convection
nanofluid flow over a rotating sphere, highlighting
the role of liquid hydrogen and ammonia diffusion.
This study examines the interaction between
chemical species in mixed convection systems and
their influence on nanofluid behavior, offering
insights into the design of chemical processes in
MHD environments. [19] investigated unsteady
MHD flow past an inclined vertical porous plate,
accounting for the combined effects of chemical
reactions, aligned magnetic fields, radiation, and
Soret effects. Their research provides a
comprehensive view of how these factors influence
heat and mass transfer in MHD systems, making
significant contributions to applications involving
porous media. [20] explored the role of Lorentz
force on non-Newtonian dusty rotating fluid in the
presence of tiny particles of dust and TiO2. Their
work underscores the importance of nanoparticles in
enhancing thermal conductivity and modifying fluid
behavior, which is particularly relevant for industrial
processes involving dusty environments. [21]
analyzed MHD oscillatory Casson fluid flow in the
presence of heat absorption, chemical reactions, and
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Soret effects. This research contributes to a deeper
understanding of oscillatory flows in porous media,
especially in systems where fluid viscosity varies
under applied shear stress.

This paper explores the impact of mixed
conduction, thermal radiation, rotation, and chemical
reaction on the MHD flow of a viscous,
incompressible, and electrically conductive fluid
over a moving, inclined, heated porous plate.
Numerical analysis techniques are strongly
connected to perturbation theory. The original
purpose of perturbation theory was to provide a
solution to otherwise unsolvable issues with solar
system planet motion calculations.

2 Mathematical Formulation

Consider a semi-infinite flow permeable plate
immersed in a homogeneous porous medium
susceptible to concentration and thermal with
buoyancy effects and inclined at a vertical angle of
o. The fluid being investigated is the viscosity,
incompressible, heat-absorbing, and electrically
charged fluid. The boundary layer is a laminar. For
the wall, constant temperature T, and constant
concentration C, over the surrounding ambient
concentration C,, and temperature T, respectively,
are maintained. Furthermore, a first-order uniform
chemical interaction with a rate constant R, is
postulated to exist between the distributing species
and the fluid itself, taking into account the influence
of rotation R. The governing equation of the fluid is
influenced by this physical component. Based on the
above  presumptions, the basic equations
characterizing the circumstances are stated on a
linear frame of reference.

Continuity Equation:
dv  _
Fri 0=v" =-vy, @)

Momentum Equation:
* ou” aZu* H o« * *
PV’ 5r = Hopm — i — 0B + pgBr(T" —
Te)cosa + pgBr(C* — Co)cosa +

2Qu* 2)
Energy Equation:
, 0T 32T aw\2  ag? .
QO(T* - oo)

3)

Concentration Equation:
*6C*_D62C*_R(C*_C) 4)

ay* - ay*z a oo
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The radiative flux of heat:
aQr* _ * I
Yo = 4T ~ )] 5)

where I'= [}" Ko 222dA, Ky,

absorption coefficient and ey, is Planck function.
The proper boundary conditions of the temperature,
concentration, and velocity fields are derived as
follows with these presumptions

uw =0T =Ty C" =Craty=0 (6)

is the wall’s

u* > 0,T" 5Ty, C*>Cyp asy > o (7)

The following non-dimensional variables are
introduced

* * 2,2 *192
(5% u 2 Bsv“o K*vg
y ===, o n — P
T*-T, c*-C
Blog="""o =="Co (8)
v Tow—Teo Cew—Cxo

The fundamental field equations (2)-(4) have a non-
dimensional form that is

d?u du 2 1 _ _
57 dy—(M —R+K)u— Gr cosa
Gm cosa 9)

a2 a6 dun\?
d—yz+PrZ+PrEc(Z) —Pr(F+ &) +

PrEcM?u? =0 (10)
da?c dc .
¢_3,2+SCZ_SCVC_O (11)

In non-dimensional, the corresponding conditions
for boundaries are:
u=0,0=1,C=1 aty=0 (12)

u—0,6-0C-0,as y—->x (13)

3 Method of Solution
The equation (9)-(11) is a partial differential
equation. This set of equations can be changed into a
set of ordinary differential equations and solved
analytically by taking the velocity u(y), temperature
0(y), and concentration C(y) in dimensionless form
as follows:
u(y) = uo(y) + Ecuy (y) + 0(Ec®)  (14)
6(y) = 6o(y) + Ec,(y) + O(Ec?)  (15)

Cy) = Co(y) + EcC,(y) + O(Ec®)  (16)
when we solve for the zero-order coefficients of the
Eckert number and omit the higher-order Eckert

number O(Ec?), we obtain
Up + Uy — DUy = —G10,—G2C, (17)
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6, + Pr6, + Pr(F + ¢)6, = 0 (18)

Cy + ScC) — ScyCy = 0 (19)

when we solve for the first-order coefficients of the

Eckert number, we obtain:

uy +uf —puy, = —6,0,—G,C; (20)

6, + 6; — Pr(F + @) 6; + Prul? + PrM?u? = 0
(21)

C, +ScC]{ —ScyC, =0 (22)

In this case, prime signifies regular distinction about
“'Y” and

p= (M2 —R+ %),Gl = Gr cosa,G, = Gm cosa

The corresponding conditions for boundaries are:
Uy = 0,u1 = 0,90 = 0,91 = O,Co = O,C1 =
0 aty=0

(23)

Uy~ 0,uy 20,6, -06,-0C—->0,C -
0 asy - o (24)
The following equation for concentration,

temperature, and velocity is obtained by applying
equations (23) and (24) to the equation (17)-(22).
Uy = Ag(e™3Y — e™42Y ) + A (e™43Y — e ™2Y)

(25)
90 = e_Azy (26)
CO = g M2Y (27)
U; = Bj;e™43Y — B e 42Y + B, e %42Y +
Blze—2A3y - B13e‘2A10y + Bl4e—2m2y _
Bise ™Y + BjgeP2Y (28)
91 = Bge_Azy — B3e_2A2y _ B4e—2A3y +
B5e_A10y_Bée_2m2y + B7€_Bly — Bge_Bzy

(29)
€ =0 (30)

Substituting equation (25)-(30) in equation (14)-

(16), we get the final solution as follows:

u(y) = As(e™¥ —e™2Y ) + Ag(e™3Y —e™™Y) +

Ec (B!7e‘A3y — Bjge™2Y + B, e"?42Y + B ,e 243y —)
Bize~2%0Y + B ,e7?M2Y — B, e7B1Y 4+ B, e7B2Y

€2))
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0(y) = e 42Y + Ec(Bge™42Y — Bye~242Y —
B,e™243Y 4 Bse™410Y —B e™2M2Y B e By —
BgeB2Y) (32)

Cly) =e™m (33)

The wall shear stress 7., is provided by the physical
parameters of interest:

w0 =(k5y7),_, = VRO

The following provides the local skin friction factor
Tw _ .1
g O
= A6(m2 - A3) + AS(AZ - A3) -
EC ( Bl7A3 - BlOAZ + ZBllAZ + 2312143 )
— Bi3A19 + 2B1ymy — BisB; + ByB;

Crx

(34)

The value of the local surface heat flux:

Qo = ( KBT*)
w —\" *
dy y*=0

Where the effective heat conductivity is denoted by
K

It is possible to express the local Nusselt number:

_ dw
Nux = To=Tm) as
Nuy _ (_00 0) =
= ( ay)y=0 0'(0) = A, +

Ec(ByA,—2B3A;—2B,As+BsA;g—2Bgm,+B, By —
BgB,) (35)

The local surface mass flux is given by:

she _ (_20)
Re N oy

X

y=0

(36)

4 Results and Discussion
In Figure 1 we noticed that when the angle of
inclination o increases, the velocity decreases. In
this for distinct o the value of Pr =0.7,S5c =
0.6,M =2.0,F =3.0,y =0.1,6r =4.0,a =
30°% R =3.0,¢ =2.0,Gm = 2.0,E = 0.01.

A fluid’s flow properties are altered as the angle
of inclination is increased when it flows along a
surface that is inclined. A rise in the angle of
inclination may result in a reduction in the fluid’s
velocity parallel to its surface for a particular flow
rate. This is because a steeper inclination causes
more gravitational force to operate against the
direction of flow, which lowers the fluid’s velocity
over the surface. Figure 2 illustrates the Grashof
number Gr on velocity distribution. Figure 2 shows
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that velocity rises with increasing Grashof number.
Higher Grashof values often result in greater fluid
velocities. This is due to greater convective currents
being driven by buoyancy forces, which become
more dominating. Consequently, to accommodate
the more violent motion caused by these forces, the
fluid velocity rises.

Figure 3 illustrates how the magnetic parameter
M affects velocity. This graphic shows that, when
the plate cools, the velocity drops as the magnetic
parameter increases. Particles with charge the fluid
experience the intensity of Lorentz force of the
magnetic field increases. This force prevents the
fluid from moving, which increases flow resistance
and lowers velocity. Figure 4 illustrates how the heat
source parameter affects velocity. It is noticed that
when the heat source ¢ rises, the velocity drops.
The boundary layer of thermal energy close to the
surface may thicken as ¢ rises. This larger boundary
layer may make it more difficult for fluid to move
near the surface, which decreases the fluid’s total
velocity.

Figure 5 shows how the velocity profile rises
with increasing permeability parameter K. Higher
permeability reduces the flow resistance in the
medium, enabling the fluid to pass through it more
quickly. The fluid’s average velocity increases as a
result. The fluid’s velocity becomes more uniform,
its average velocity rises and the pressure drop
necessary for fluid flow falls as the permeability
parameter K increases. Figure 6 shows that the
velocity profiles rise in proportion to the modified
Grashof number Gm. In general, a rise in the
modified Grashof number Gm denotes a higher
buoyancy effect than viscous forces inside the fluid.
More vigorous movement of water is driven by
higher buoyant forces. As a result, buoyancy forces
strengthen the patterns of flow and improve
convection movements overall, increasing fluid
velocity.

Figure 7 illustrates how velocity drops as
radiation parameter F's value rises. This is because
of the decreased thermal buoyancy, the convection
currents grow weaker and the velocity profiles
become less noticeable. There might be a decrease in
flow and an increase in laminar flow, which would
result in a less varied and smaller velocity profile
throughout the fluid, the improved radiative
transmission of heat frequently lessens the
importance of heat transfer by convection as the
radiation parameter F rises, resulting in a drop in
velocity.

Figure 8 shows the chemical reaction parameter
rises, and velocity decreases. A velocity profile may
decrease, and the chemical reaction rises as a result
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of the process’s effects on fluid dynamics and
characteristics. This happens as a consequence of the
reaction effects on fluid viscosity, density, and flow
behavior as a whole, which frequently lead to a
decrease in the intensity of convection currents and
result in a drop in velocity. Figure 9 illustrates how
the fluid velocity drops with increasing Schmidt
number Sc. Larger momentum diffusivity, which
causes the velocity to slow down, is indicated by a
larger Schmidt number.

Figure 10 shows that the wvelocity profile
decreases with increasing R. When rotational forces
and fluid friction interact in rotating systems, the
force of pressure distribution can get more
complicated. Greater gradients in pressure caused by
higher rotational rates have the potential to alter the
velocity distribution and, as a result, frequently
decrease the velocity in some systems. Figure 11
shows that when the Prandtl number Pr rises,
velocity falls. A higher Prandtl number indicates that
the fluid is more viscous, which increases flow
resistance. The fluid’s total velocity is lowered by
this resistance. As a result, as the fluid gets more
resistant to motion, its average velocity drops.

The temperature distribution graph in Figure 12
shows how it lowers as the heat source parameter ¢
increases. The temperature uniformity throughout
the medium or layer can be enhanced by increasing
the heat source parameter. This occurs as a result of
the extra heat being dispersed more evenly, which
causes reduced temperature. Figure 13 shows a
graph showing how the temperature distribution
drops as radiation parameter F increases. Because
the radiative exchange of heat tends to smooth out
variations in temperature more -efficiently than
conduction or convection alone, the relevance of
temperature distribution reduces as the radiation
parameter rises.

The consequences of raising the chemical
reaction parameter Yy and decreasing the
concentration profile are shown in Figure 14. The
rate at which reactants are transformed into products
grows together with the chemical reaction variable.
As a result, the concentration of reactants decreases
more quickly and uniformly because they are
consumed more quickly. As Schmidt number Sc
levels increase, the concentration drops in Figure 15.
In comparison to the kinematic viscosity, mass
diffusivity is low if the Schmidt number is large.
Because of their decreased mass diffusivity, the
species become less likely to diffuse throughout the
medium, which leads to less uniform concentration
distributions. The slower diffusion mechanism
makes the concentration gradients more important.
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Ultimately, the various values of Sherwood
number for various parameter values are shown in
Figure 16. It illustrates the impact of € on
Sherwood numberSh,. It is noticed that with the rise
of €, Sherwood's number falls. Figure 17 shows the
Nusselt number for various values of the
aforementioned parameter n. Figure 17 shows how n
affects the Nusselt number. It is noticed that the
Nusselt number Nu,rises with the n falls. Skin
friction at various levels of Figure 18 allows for the
aforementioned parameter for various values of €.
The impact of € on the skin friction Cfy is shown in
Figure 18 in contrast to t. It has been noted that as €
the skin friction rises as well.
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Fig. 18: Skin friction for distinct values of € against t

5 Conclusion

The effects on the MHD flow of an incompressible,
viscous, and electrically conducting fluid over a
rotating inclined heated permeable plate with mixed
convection combined with thermal radiation and a
chemical reaction are examined. The linked partial
differential equations that are non-linear include
resolved using the perturbation approach. The
impact of several relevant temperature, velocity, and
concentration distribution characteristics has been
examined and evaluated using graphs. In this
investigation, the following results are made.

1. Increases in the angle of inclination (o),
radiation, chemical reaction, heat source
parameter, Rotational, and Schmidt number
Sc cause the velocity to decrease; in contrast
the modified Grashof number(Gm), Grashof
number (Gr), and permeability parameter
(K) cause the velocity to show a reverse
tendency.

2. As heat source (¢) and radiation parameter
(F) rise, the temperature distribution falls.

3. The concentration boundary layer drops as
the Schmidt number (Sc) and chemical
reaction parameter () rise.
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