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Abstract - The magnetohydrodynamic (MHD) free convective
rotating flow of an incompressible fluid over a semi-infinite
permeable moving plate by applying constant heat source,
including diffusion thermo and radiation absorption, has
been explored in this paper. The non-dimensional governing
equations are solved by applying the Perturbation technique
method to get the closed-form of solutions. Based on those
outcomes, the expressions for shear stress and Nusselt
number are evaluated. The effect of different parameters on
the fluid flow is presented by the graphical representations.
The computational values of the shear stress and Nusselt
number at the surface are tabulated by the different
implanted parameters. The resultant velocity diminishes
with increasing in Hartmann number, Suction and Radiation
parameters but amplifies with radiation absorption
parameter and Dufour parameter. The suction parameter,
along with the chemical reaction parameter, increases the
Sherwood number. At the same time, the Nusselt number
decreases with the increase in the Suction parameter,
radiation absorption parameter, and Dufour parameter.

Keywords — Dufour effect, MHD flows, Radiation-
absorption, Suction parameter, Porous medium.

I. INTRODUCTION

The action of Coriolis force plays a vital role in
viscous fluid flow in rotating channels due to its applications
in various technological aspects. In various subjects like
oceanography, meteorology, atmospheric science, and
limnology depends on the concept of rotating fluids. Many
researchers analyze the viscous fluid flow problems in
rotating mediums under different conditions and
configurations.  Various problems of a  viscous
incompressible electrically conducting fluid along with
rotation and magnetic field can be found in fluid engineering,
astrophysics, and geophysics.

The study over a stretching sheet with visco-elasticity
and heat transfer in a porous was reported by Abel and
Veena [1]. The mass transfer flow through a porous medium
was along with the effect of MHD, was highlighted by
Abdel-Rahman [2]. Reddy. et al. [3] discussed the concept of
Ohmic heating on MHD along with thermal and mass
diffusion. Sharma et al. [4] investigated MHD flow past an
accelerated vertical plate with radiation effect. Ahmed and

HSE)

Batin [5] reported the MHD flow through porous media with
both thermal and mass diffusion. Mutuku-Njane and
Makinde [6] reported that the MHD boundary layer flow of
nanofluids over a permeable surface with Newtonian heating.
Krishna et al. [9] carried their investigation on an unsteady
MHD free convective flow between two vertical plates using
Hall effects. Krishna and Chamkha [10] discussed the work
with Hall effects along with ramped wall temperature and
concentration of surface on unsteady MHD flow of second-
grade fluid through the porous medium. Krishna and
Chamkha [11] reported the squeezing flow of a water-based
nanofluid between two parallel disks with MHD. Krishna
and Reddy [12] highlighted their work by applying a uniform
transverse magnetic field over an infinite vertical plate with
heat source and chemical reaction on unsteady MHD free
convection in a boundary layer flow of an electrically
conducting fluid through the porous medium. Krishna and
Subba Reddy [13] analyzed the simulation through a stumpy
permeable porous medium with MHD forced convective
flow. Krishna and Jyothi [14] examined the Hall effects on
MHD Rotating flow of a viscoelastic fluid through a porous
medium over an infinite oscillating porous plate with
parameters, such as heat source and chemical reaction.
Krishna [15] explored the impact of Hall and ion slip effects
on unsteady MHD free convective rotating flow of Jeffrey's
fluid with ramped wall temperature. Krishna and
Swarnalathamma [16] discussed the MHD peristaltic flow of
Williamson fluid with the effect of parameters inclined
magnetic field with convective heat and mass transfer.
Swarnalathamma and Krishna [17] investigated the
peristaltic hemodynamic flow of couple stress fluid through a
porous medium with parameters magnetic field and slip
effect. Krishna and Reddy [18] explored their work on an
infinite vertical oscillating porous plate with MHD free
convective rotating flow of visco-elastic fluid along with
chemical reaction. Krishna and Reddy [19] addressed their
work on an unsteady MHD convective flow of second-grade
fluid through a porous medium under the influence of
temperature. Krishna et al. [20] studied the influence of heat
and mass transfer in porous arteriole with unsteady MHD
oscillatory flow of blood.

In this paper, we explore the work on MHD free convective
flow of a nanofluid past a semi-infinite flat permeable porous
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plate with combined effects of diffusion thermo and radiation
absorption. The profiles of velocity, temperature,
concentration have depicted the graphs using Perturbation
techniques. We also evaluated the parameters like skin
friction, Nusselt number, and Sherwood number analytically
and computationally.

Il. Mathematical Method
We considered an infinite vertical permeable moving plate
with a constant heat source with unsteady MHD convective
rotating flow of an incompressible fluid past. Fig. 1 depicted
the physical model where the plate is moving infinitely, and
all the physical variables are functions of z and time t only.
The governing equations for the flow are given by:
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Figure. 1 Physical regime of the problem
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The related boundary conditions are given as :
u=0v=0T=T,C=C,t<0(6)
u=U,v=0T=T,+ (T, —T,)eet,
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c=¢C,+(,—C)eew,t>0atz=0
u=0,v=0T=T,C=C,asz - o(8)
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Combining equations (2) and (3), let g = u + iv

2 2
S +wil42i0q = %Z—Z —Zhq — By gB(T - T.)(@)We
assumed the solution of Eq. (1) asw = -, (10)

The normal velocity is represented by the constant —W at
the plate where (Wo> 0) represents the positive suction (Wo>
0) and (Wo< 0) represents the negative for blowing injection.
Considering the non-dimensional variables.
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Using non-dimensional variables, the equations (9)
and (4) — (5) with the boundary conditions (6) — (8), we get
(Dropping asterisks)
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The boundary conditions be

gq=06=0,p=0att<0 (14)

q=1,0=1+c¢ce®t 1y =1+ cgevt,

att>0,z=0 (15)

q=00=0,=0asz—-w (16)

To solve the equations (11)-(13) with relevant boundary
conditions (16)-(17) with the help of the perturbation
technique(e << 1), the wvelocity, temperature, and
concentration equations are assumed to be

q = qo + £q,e™", 17)
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0 = 6, + £6,e™t,

Y =1, + e, et
Equation (11) - (13) are reduced to
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The boundary conditions (16) — (17) become
G0=19.=006,=10, =1L, =19y, =1

atz=0 (26)
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On solving equations (20) — (25) using the boundary
conditions (26) - (27), we get
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The skin friction, Nusselt number, and Sherwood
number at the plate in the dimensional form are,

=), ve=-(3)
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(29)
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I11. Results and Discussion
The present work is explored the magnetohydrodynamic
(MHD) free convective rotating flow of an incompressible
fluid over a semi-infinite permeable moving plate by
applying a constant heat source, including the parameters
diffusion thermo and radiation absorption. Applying the
Perturbation technique, the outcome of the solution is the
velocity, temperature, and concentration profiles are depicted
in Figures.2-10. Tables 2—4 are represented the skin friction,
Nusselt number, and Sherwood number for various
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parameters. The flow parameters' effects on velocity,
temperature and concentration distributions, skin friction, the
rate of heat transfer, and mass transfer coefficients have been
discussed computationally. For computational intention, we

are fixing up the values bye=0.001L,w=7186,

Pr=0.71,Q = 2,5¢c = 0.22, while the remaining
parameters are varied over a range.

The significance of Hartmann number M for velocity
components is intercepted from Figure 2. The primary
velocity u declines as the secondary velocity v augments as
the Hartmann number increases. Both velocities u and v
decline with the increase in value of M. Here, we observe the
role of Lorentz force which is by the presence of the
transverse magnetic field. Also from Figures (3 & 4) shows
that the wvelocity components of fluid are enhanced by
increasing K and Gr. In turn, we notice that the fluid speed is
scrutinized in the whole fluid region due to the less
permeability of K and Gr. It was noted from Figure.5, the
velocity components u and venhances with an increase in Du
which results in the increase of thickness of hydrodynamic
boundary layer thickness. It was determined from Figure.6
that the buoyancy force accelerates the flow while the heat is
absorbed by the increase in Q, Which results in enhancement
of velocity of the fluid. One can observe the predominance of
conduction over radiation absorption results in enhancing the
thickness of the momentum boundary layer. It was observed
that by increasing the suction parameter S, the velocity of the
fluid across the boundary layer diminishes, as shown in
Figure 7. At the same time, the increase in rotation parameter
R affects decreasing the magnitude of the velocity
components u and v, as depicted in Figure 8.

Figure 9 depicts the temperature profiles against
parameters Du, Q, And S. The thermal boundary layer
thickness arises with the presence of Du. By reducing the
value of Du, the temperature was reduced, which was
influenced by species gradients, which results in a decrease
in temperature allows the boundary layer thickness to get
cooled. But with the increase of Q, We observe the
enhancement of the temperature of the fluid. As the heat is
absorbed, the buoyancy force accelerates the fluid flow,
which results in the increase of temperature at the vicinity of
the boundary, and later it retards around the fluid region as
the value of S increases.

Figure 10 depicts the concentration boundary layer
of the flow by reducing the species concentration and
increasing the suction parameter results in a reduction of the
solutal boundary layer thickness. At a certain point, we
observe that the boundary growth stabilizes due to suction.
The Kc reduces the concentration and in chemical molecular
diffusivity by increasing Kc.

The computational results of the Skin-friction,
Nusselt number, and Sherwood number were tabulated in
Tables (2,3 & 4). Table 2 depicted that the skin friction
enhanced with an increment in Gr, K, @, and Du, and
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declined with M, R, and S. The analysis of Nusselt number
for various quantities S, Du and Q, Are represented in Table
3. It is noted that the Nusselt number enhanced for various
parameters S, Du and Q,. The Sherwood number enhanced
with the rise in S and Kr and, in turn, declined with an
increase in time, which was given in Table 4. The results of
Hamad and Pop [13] (Table 5) are in good agreement with
our results.

M=05,115

7 7
Figure 2 Velocity profiles against M with K = 0. 5,
§$=1,Du=16r=3,Q,=1,R=0.5

1 1
Figure. 3 Velocity profiles against K with M = 0. 5,
S$=1,Du=16r=3,Q,=1,R=0.5

8

4

Figure 4 Velocity profiles against Gr with M = 0.5,
K=0.5S8=1Du=1Q,=1,R=0.5
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1 A
Figure 5 Velocity profiles against Du with M = 0.5,
K=058=16r=3,Q,=1,R=0.5

L | | L L L

1 1
Figure 6 Velocity profiles against @, with M = 0.5,
K=058=1 Du=1,6r=3,R=0.5

Figure 7 Velocity profiles against S with M = 0.5,
K=0.5Du=16r=3,Q,=1,R=0.5
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Figure 8 Velocity profiles against R with M = 0.5,
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Figure 9 Temperature profiles with S, Pr, Du and @,
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Figure 10 Concentration Profiles with S, Kr, Sc, and t

Table 2. Skin friction ()
Gr | Du | Q.| S R T

05| 3 1 1 ] 1] 05 | 2336584
2.114587
1.966587

1 2.668954
1.5 2.996889
4 3.336589
5 4.441587
2 2.675874
3 3.021478
2 2.587995
3 2.998564
2 2.014895
3 1.748895

1 2.201451
1.5 | 2.101158

M K
0.5
1.0
1.5
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Table 3. Nusselt number (Nu)

Du S QL Nu
1 1 1 -0.855945
2 -0.996887
3 -1.225472
2 -1.557845
3 -2.655248
2 -0.998574
3 1.0988545
Table 4. Sherwood number (Sh)
S Kr t Sh
1 2 0.2 0.788549
2 0.958774
3 1.225479
3 0.895798
4 1.147889
0.4 0.788535
0.6 0.788519

Table 5. Comparison of the results for Nusselt number
(Nu) (Du = @, = 0)

S Q Hamad and Pop | Present results
[13]
1 1 2.18785 2.18795
2 2.63198 2.63207
3 3.13033 3.13043
2 2.92694 2.92702
3 3.49707 3.49719

IV. CONCLUSIONS

The present article investigated the MHD free
convective rotating flow of an incompressible fluid past a
semi-infinite permeable moving plate. The analysis was
carried out with respect to constant heat source along with
parameters diffusion thermos, radiation absorption with
oscillatory effects due to various parameters. The following
conclusions are drawn:
The resultant velocity diminishes with an
increase in M, S and Rand amplified with Q.
and Du.
The thermal boundary layer thickness takes
place because of Q. and Du.
The increase in Sand Kr
concentration profile.
The skin friction coefficient enhances owing
to Grashof number Gr, permeability
parameter K, radiation absorption parameter
Qv and Dufour parameter.
The Nusselt number decreases with the
increase in the values of the Suction

reduces the
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parameter, radiation absorption parameter
Q., and Dufour parameter Du.

The suction parameter, along with the
chemical reaction parameter, aid in the
increase of Sherwood's number.

APPENDIX
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