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Abstract: In this paper we investigated Hall and ion slip effects, thermal diffusion and thermal radiation effects on mass and
heat transfer transport on magnetohydrodynamical micro polar free convective flow of fluid bounded by partly-infinite non
reflective plate with suction and rotation. Plate oscillates with constant frequency in time hence solutions for boundary layer
are of oscillatory method. The solution is obtained by Finite Element Method. By graphical representations impacts of
velocity, temperature and concentration inside boundary layer are represented.
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1. Introduction

In viscous medium randomly oriented particles are suspended that rotate and influence hydrodynamics of flows; these
are micro polar fluids they are dominantly non-Newtonian fluids. Revolving fluids study is very significant because of its
presence as naturally magnificent behavior and technological solutions acted by Coriolis force.

Eringen’ facilitated for study of complex fluids like polymer fluid, blood and colloidal fluids. Rotating fluids have natural
phenomena and technical situations governed by coriolis forces. Rotating fluids are essential feature in areas like
Atmospheric Sciences, Meteorology and Oceanography. The study of rotating fluids in viscous and incompressible fluids are
considered for various research problems. Compared to inertial and viscous forces coriolis forces are researched extensively.
It is also noticed that coriolis forces and magnetism share many resemblances. Ellahi et al? studied ion-slip and Hall effects
on Jeffrey liquids flowing tubes which are not uniform. Bhatti et al® studied ion-slip and Hall effects and flow of blood
patterns along with zero Reynolds number. Srinivasacharya and shafeeurahman” studied sensory Nano fluids for ion-slip and
Hall effects, these fluids have effect of MHD. Jitendra and Srinivas® studied ion-slip and Hall effects on gyratory liquid
passing over exponentially accelerated vertical plate. Veera Krishna and Chamkha® studied Nano fluids for ion-slip and Hall
effects, diffusion thermo along with radiation absorption effects over rotating convective MHD fluids flowing with constant
temperature over permeable plate. Sara and Bhatti’ studied non-Newtonian MHD peristaltic flows for ion-slip and Hall
effects.

Ch. Vijaya Bhaskar et al."* MHD casson fluid‘s ramped wall temperature and ramped surface concentration was
investigated. M. ljaz Khan et al. ** Flow nature of Nano fluid with gyrotic microorganism in Walter — B is studied. M.K.
Nayak et al. Krishna et al.'® studied unsteady hydro magnetic convective gyrating flows in exponentially accelerated surface
for Hall and ion-slip effects. Singh and Vishwanath'’ studied magnetically influenced convective heated angular surface in
constant permeable base. The flow is steady of Walters’-B effected by thermal and mass concentration buoyancy forces, Hall
and ion-slip effects are studied. Veera Krishna'® studied Hall and ion slip effects for revolving convective MHD flanked by
partially never ending upright permeable surfaces. Veera Krishna et al.* studied consequences Hall and ion slip on gyrating
MHD flow of small entity in ciliary thrust. Olanrewaju and Makinde® investigated the hydro magnetic flow of a novel type
of a water based Nano fluid containing nanoparticles and microorganisms past a permeable vertical moving plate. Pit R.
Hervet H and Leger. L?* studied numerically the behavior of a water—based Nano fluid containing motile microorganisms
passing an isothermal nonlinear stretching sheet in the presence of a non—uniform magnetic field. Sheikholeslami, M.,
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Darzi, M. and Li, Z?* modeled the alumina Nano fluid magnetohydrodynamic flow through a permeable enclosure using
CVFEM. The results show that the Lorentz forces reinforce the conduction mechanism. The Brownian motion and shape
factor influence the viscosity and thermal conductivity of alumina.

Raza, Rohni, Omar and Awais®® had done a bit of work on Nano fluids in a rotating channel wherein MHD three-
dimensional flow was investigated. The problem was solved by numerical strategy. Investigations of the fluid flow problems
in a channel with permeable expanding or contracting walls have attracted most of the researchers due to the vast applications
in the fields of chemical, biomedical, engineering and science. The blood flow in vessels, artificial kidneys and the air flow in
respiratory system are most prominent examples

Taking references from the literature survey this paper studies mass transfer, thermal radiation and thermo diffusion on
MHD free convective micro polar flows surrounded by partly-infinite porous plate. Suction ion-slip and Hall effects are
studied.

2. Formulation and Solution of the Problem

Unsteady incompressible, electrically conducting MHD micro polar fluids along with thermo diffusion and thermal
radiation on semi-infinitely porous moving plate were considered for studying ion-slip and Hall effects, suction. This said
flow is subjected to steady magnetic field B, in presence of concentration along with thermal buoyancy. Then x-axis is
considered along the plate and z-axis is orthogonal to it, Figure 1. is representation
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Figurel. Geometrical configuration

The governing equations® are

> =0 L)
S wl—200 = WA v)TE + P L ut gBr(T—Ta) + gBe(C— C) = v o @)
z—:+wg—z+29u=(v+vr)%—%—£v+vr% (3)
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The limiting conditions are

u=v=0, w; =w, =0, C=C,T=T, for t <0, (8)
£ i _ — iov _ iou oT

u=UT(1+E(emt+e ‘nt)),vz 0, w1= -Ea—z,-wzz -55,—161526100 ,—Dma——M at z=0

u=v=0,w,=w,=0C=C,, T=T, While z—> o0 fort>0 9)

By equation (1)

W= -w,, wyis suction velocity. (10)
Ganapathy? is base for oscillatory plate speed.

Rossland approximation™® leading to the emission of radiation heat flux g, is transformed to

40* 9T*
qr = — 32*5 (11)
Temperature boundary conditions are linear with time and with residual temperature T* .
By neglecting higher powers using Taylor series about T,
We consider T* = 4T2T — 3T2 (12)
Similar to gray fluids absorbent /emitting fluids are considered but medium is not-scattering
dqr _  16Ta* 9°T (13)
9z 3k* 0z2
The collision frequency of atom and electron is high hence ion slip and hall current cannot be
neglected. By generalized ohm’s law and including Hall and ion slip** effect the influence
of large magnetic field is
J = 0(E +V xB)—“2(] x B) + 5 2elL((J x B) X B) (14)
Further assumption w,7, ~ 0(1) and w;7; K 1,
The pressure gradient of electron and effects of thermo-electric are neglected implies E=0 results
(A +Bep)]x + ﬂe]y = aByv (15)
1+ ﬁeﬂi)]y — BeJx = —0Byu (16)
by solving Egs. (15) and (16) we get
1+BeBi
B Gzaps e’ 7wt CLrfefi e’ V) )
1+BeBi
Jy = 0((1+B ETART AL (18)
The non-dimensional variables are
_ U « _ v « _ 2Ur tuf ., nw _ . BV _ . @V _ ki (T-Teo)
u—U—T,v =7 7 == t* == n—UT2 , wl_urz , wz—Urz , 9——qw
— 35*
¢ = Pm(C=Ceo) C°°),R= Q—vz,M= B |z , Pr= —”pcp,Sc= L,Gr = Yobraw ,am = —vgﬁdv;w, = 4T(Z , K=
My, U, Ural P kq Dm kU3 D U3 kik
WE L pu = MEM g oM g A g o
v qwpcp Ur uj v
Governing equations reduces to
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The changed boundary conditions are
u=v=0u, =0, =0¢=0,0=0,Ffort<0, (25)
u_1+f(eint+e—int) v=0 E—la_va—_ia_u 3_¢__1 6_9__1 for z=0

- 2 P T 17 206z 727 20z 0z ’ 9z ! -
u=0=v, w,=0,=0,=0,0=0,asz—->ofort>0 (26)

3. Solution of the problem

Equations (19), (20), (21), (22), (23), (24) nonlinear equation and their boundary conditions (25), (26) are numerically solved
for concentration, temperature and velocity distributions. The procedure is discussed by Bathe? and Reddy®.The FEM is
applied to get accurate and reliable solutions for coupled nonlinear equation and their boundary conditions. The fundamental
steps are
1. Domain elements Discretization
The element of domain is divided into finite number of sub intervals which is known as discretization. Each sub
interval is now a finite element. The group of these sub intervals is termed as finite mesh.
2. Finite element equation derivation
The finite element equations derivation of consists of three steps
e Construction of variation formulation for differential equation.
e Assumption of approximate solution for typical finite element.
o Derivation of finite element equation by substituting the solution in variation formulation.
3. Assembly for element equation
The results obtained by above procedure are assembled by subjecting to inter-element continuity conditions. This
results to a large humber of algebraic equations making into global finite element model governing whole flow
domain.
The boundary conditions of equation (25), (26) applied for these assembled equations.
The final set of equations is solved directly or by iterative numerical methods. Numerical solutions of these
equations were obtained by MATLAB. By changing the values of velocity, temperature and concentration the
stability and convergence of finite element method was tested. The results were more than satisfactory

ok~

4. Results and Discussion

We have defined governing equations for free convective MHD incompressible micro-polar fluids flowing over partly-
infinite perpendicular permeable moving plate inside permeable rotating frame. We studied graphically thermal radiation,
thermo-diffusion, ion slip and Hall effects for mass heat and transfer flows. The solutions were obtained numerically for
distribution of temperature, concentration, velocity and micro rotation over boundary layer. Different parameters considered
aeM =R=K=6=N=05 Du=05,6m=5,6r =5 ,,Pr=071,5¢=022,1=02,S=1n=mn/6,0,=1,
Bi=03t=02.
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2(B) Velocity portrait for different values of R
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Figures 2A-F depict velocity portrait

2A Velocity portrait decreases as increase in M since Lorentz forces inception indirection of induced magnetic field
offers resistive forces before electrically conducting fluid. Hence momentum boundary layer and flow reduces.

2B Velocity portrait rises with increase in rotation parameter R. This parameter increases the fluid velocity throughout
the flow. The effects of acceleration are large near the axis of rotation due to Coriolis force.
Hence momentum boundary layer increases with increase in rotation

2C Velocity portrait rises with increase in time t

2D Velocity portrait rises with increase Dufour parameter Du. This increases the parameter velocity and amplifies.

2E Velocity portrait rises with increase in Grashof number Gr depicts velocity profile for Gr, Gm. We observed
increase in velocity with increase in potencies of thermal and solute buoyancy forces. Further we observed
velocity is large near surfaces and drops quickly to zero.

2F Velocity portrait rises with increase in Grashof number Gm

N=0.5,1,1.5,2

5 K=0.5,1,1.5,2
H 2

21 1

1 14

0 T T T T T = T T
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3(A) Velocity potrait for different values of N 3(B) Velocity potrait for different values of R

3549
Eur. Chem. Bull. 2023, 12 (Si6), 3544 — 3563



Hall and lon slip effects on MHD free convective rotating flow bounded by the semi - infinite vertical porous
surface

Section A-Research paper
ISSN 2063-5346

3.5+
3.0 1
3
6=0.5,0.8,1,1.2 2.5
Pr=0.71,3,7,11
o 2.0+
24 S 4
154
14 1.0 4
0.5
0 T T T 0.0
0 1 2 3 4 5 6 7 8 0 1 2 3 4 5 6 7 8
Zz _
Z —-
3(C) Velocity potrait for different values of § 3(D) Velocity potrait for different values of Pr
3.5 4 3.5
3.0 4 3.0 1
251 A=0.2,0.8,1.4,2 2 Sc=0.22,0.3,0.6,0.78
2.0 2.0+
> S
1.5 1 1.5 1
1.0 4 1.0 4
0.5 0.5+
00 T T T T T T T 00 T T T T T T T
0 1 2 3 4 5 6 7 8 0 1 2 3 4 5 6 7 8
V4 _ ™
3(E) Velocity portrait for different values of A 3(F) Velocity portrait for different values of Sc

Figure 3A-F depicts speed of fluid flow

3A Speed of fluid flow rises with growing radiation parameters N. N augments velocity profile with escalation of
radiation parameter. Further noticed that speed with which heat is transferred in fluid is enhanced, this results in
reducing of viscosity which makes fluid move faster.

3B Speed of fluid flow rises with growing permeability parameter K, This indicates velocity is directly proportional
to permeability constant K. Increase in K increase the velocity profile. Whereas inversely proportional to energy
and concentration layers.

3C Speed of fluid flow rises with growing material parameter 5. These parameters increase momentum
boundary layer thickness in the entire region.

3D Speed of fluid flow decreases with growing prandtl number Pr, increase of Pr makes fluid movement decrease
resultant velocity. Highest Prandtl number has high viscosity which makes fluid have substantial thickness

3E Speed of fluid flow decreases with growing viscosity ratio A

3F Speed of fluid flow decreases with growing Schmidt number Sc. Sc schmidt number choosen were of
hydrogen(0.22), helium(0.3), water vapour(0.6), ammonia(0.78) which are observed and found that higher value
of Sc means higher bread which results in less of diffusion and hence lessening of speed in fluid region.
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Hence boundary layer of momentum thickness decreases by increase in Sc.These parameters decrease
thickness of momentum boundary layer.
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Figures 4A-D depicts speed of fluid flow
4A Speed of fluid flow at the boundary layer decline with rise in frequentness of oscillation
4B Speed of fluid flow at the boundary layer decline with rise in suction parameter S. S reduces motion boundary
layer in the fluid region.
4C Speed of fluid flow at the borderline layer increases with arise in Hall parameter 3, the Hall parameter decreases
magnetic fierceness, increases conductibility which in turn augments ion slip parameter. As a result velocity increases.
4D Speed of fluid flow at the borderline layer rise with rise in ; ion-slip parameter.
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Figures 5A-F depicts micro rotational profile.

5A There is a observation that micro rotational profile decline with rise in Hartmann number M in boundary layer.
Not anticipated decrement in speed will be noticed in area by relevance of magnetic field. It is noticed that magnetic
field trims down the velocity distribution on all sides. It results in flow tendency not to go along the flow through the
flow medium, hence application of magnetic field in permeable material creates decreasing effect will result
on velocity variations and thickness of the boundary layer of momentum.

5B Micro rotation profile rises with increase in rotation parameter R. R reduces resulting velocity in fluid region.
Hence increase of parameter R results reduction momentum boundary layer.

5C Micro rotation profile rises with increase in time t,

5D Micro rotation profile rises with arise in Du Dufour parameter.

5E, 5F Micro rotation profile rises with rise in Gr thermal Grashof number, Gm mass Grashof nhumber Gm. Velocity of
fluids increases with strengthening of solute buoyancy and heat forces, the velocity distribution increases
sharply immediately beside to the permeable surface and later there is decay to initial velocity zero smoothly. The reason
being buoyancy forces increases both velocity and width of boundary layer of momentum.
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6(A) Micro rotational potrait for different values of N 6(B) Micro rotational potrait for different values of K
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Figures 6A-F depicts micro rotation profile.
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6A Micro rotational profile of fluid flow raises with growing radiation parameters N, it is observed that increases
in velocity of fluid inside boundary layer due to increase in thermal radiation parameter. Further observed that
spike in velocity of fluid boost neary by surfaces to grow mouldl approaching to zero. Hence observed that
thickness boundary layer of momentum increases with increase in heat radiation parameter

6B Micro rotational profile of fluid flow raises with growing permeability parameter K. VVelocity increases with K
growth and then eventually widens the width of the boundary layer of momentum. If ability to penetrate of
permeable medium is less it results in speed of fluid to decrease in the flow of the fluid

6C Micro rotational profile of fluid flow raises with growing material parameter  Increase in parameter
increases the velocity of the entire fluid which results in larger thickness in momentum boundary layer.

6D Micro rotational portrait of fluid flow decline with growing prandtl number Pr, increase of Pr makes fluid
movement decrease resultant velocity. Highest Prandtl number has high viscosity which makes fluid have

substantial thickness

6E Micro rotational portrait of fluid flow decline with growing viscosity ratio A
6F Micro rotational portrait of fluid flow decline with growing Schmidt number Sc. Increase in Schmidt number
inclines to decrease velocity distribution .Also noticed that increase in Schmidt number results in reduction of

Eur. Chem. Bull. 2023, 12 (Si6), 3544 — 3563
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Figures 7A-D depicts micro rotational profile
7A Micro rotational profile decreases with rise in frequency of oscillation.
7B Micro rotational profile decreases with rise in suction parameter S. Increase in suction parameter dreceases the
velocity of the entire fluid which results in reduction of thickness in momentum boundary layer.
7C Micro rotational profile increases with rise in Hall parameter B,. Increase of velocity with increase of Hall parameter.
7D Micro rotational profile increases with rise in ion-slip parameter ;. depicts influence of ion slip parameter on
w which increases with increase in ion slip parameter,since damping forces decreases velocity increases in the

flow direction

3555
Eur. Chem. Bull. 2023, 12 (Si6), 3544 — 3563



Hall and lon slip effects on MHD free convective rotating flow bounded by the semi - infinite vertical porous
surface

Section A-Research paper
ISSN 2063-5346

25
2.5+
Pr=0.71,n=0.5,Du=0.03 $=1,N=0.5,Du=0.03
2.0 204
15+ S=1,15225 h Pr=0.71,3,7,11
1.0 4 1.0
0.5+ 0.5
0.0 T T T T T 0.0 T T T T
0 2 4 6 8 10 12 0.0 0.2 0.4 0.6 0.8 1.0 1.2
z _— z
8(A) Temperature profile for different values of S 8(B) Temperature profile for different values of Pr
4 S=1,Pr=0.71,Du=0.03 124

S$=1,Pr=0.71,N=0.5

N=0.9,0.8:1:1.2 Du = 0.03,0.3,0.75, 2

0 T T T T T 0 T T T T T
0 2 4 6 8 10 12 0 2 4 8 8 10 12
z z
8(C) Temperature profile for different values of N 8(D) Temperature profile for different values of Du

Figure 8A-D depicts temperature profile for not similar parameters like Prandtl number Pr, Dufour parameter Du,
radiation parameter N, suction parameter S.

8A Temperature profile reduces with growing suction parameter S. Thermal boundary layer thickness reduces

with rise in S, hence temperature profile decreases.
8B Temperature profile reduces with growing Prandtl parameter Pr, increase of Pr makes fluid movement decrease

thermal temperature. Highest Prandtl number has high viscosity which makes fluid have substantial thickness

of energy boundary layer
8C Temperature profile enhances with rise in N and density of thermal boundary layer increases throughout the fluid region.
8D Temperature profile enhances with increase in Du. Thermal boundary layer thickness increases with increase

in Du hence temperature profile sees an increase.
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Figures 9A, B depicts mass Concentration profile

9A Concentration of liquid decreases with rise in suction parameter S depicts concentration profile for S,
The concentration profile decrease with increase in suction parameter S and chemical reaction parameter.

9B Concentration of liquid decreases with rise in Schmidt number Sc depicts concentration profile for
Schmidt number Sc. Sc increase the fluid flow throughout region hence decreases concentration profile.
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TABLE 2 Comparative results of Nu (Kc=0,Q=0)

Eur. Chem. Bull. 2023, 12 (Si6), 3544 — 3563

Olajuwon
and

S N Du Pr Oahimire®  Veerakrishna'®  Present
1 0.5 0.03 0.71 1.025446 1.025443 1.025445
2 2.335568 2.335565 2.335567
3 3.699857 3.699854 3.699856
0.8 0.588749 0.588748 0.588749

1 0.144155 0.144153 0.144154

0.3 0.854748 0.854746 0.854748

0.75 0.699857 0.699854 0.699855

3 0.985547 0.985544 0.985546

7 0.885478 0.885476 0.885477

TABLE 3 Comparative results of Sh (Kc = 0)
Olajuwon
and

S Sc Oahimire® \Veera Krishna® Present
1.0 0.22 0.22000 0.22000 0.22000
2.0 0.44000 0.44000 0.44000
3.0 0.66000 0.66000 0.66000
0.30 0.30000 0.30000 0.30000

0.60 0.60000 0.60000 0.60000

3560




Hall and lon slip effects on MHD free convective rotating flow bounded by the semi - infinite vertical porous
surface

Section A-Research paper
ISSN 2063-5346

The values obtained for Nusselt number and skin friction coefficient are corroborated by comparing with MATLAB code and
numerical scheme with analytical values, considering Ec=0.The values tabled by Satya Narayana et al.[12] are in good
harmony with values in Table 1 and 2.Hence with immense confidence the values obtained by the code for numerical results
are considered as excellent solution for the problem in the paper.

Finite element method is very popular in modern engineering sciences and applied to study non-Newtonian fluids. In Table 3
we tabled solutions of Sherwood number obtained with small perturbation and Finite Element Method . By comparison
between values, the conclusion obtained is fine correlation and reliance is high on Finite Element Method. The combination
of Finite Element Method and MATLAB is very accurate to study the model for all its parameters.

The values are obtained for Nusselt number, Sherwood number, local skin friction coefficient and wall couple stress
coefficient by Galerkin finite element method and weighted residual method. The values obtained by analytical methods
listed in Das[13] are compared with these values and are tabled in Table 1.The comparison is done in absence of M=0,
Q=0,Ec=0. Also in Table 3 comparison of analytical values obtained by Satya Narayana et al.[12] considering Ec=0 is done
with Galerkin finite element method and weighted residual method. Results obtained are in excellent agreement with results
existing and is of immense confidence.

5. Conclusions

We studied problem free convective MHD unsteady incompressible micro polar mass and thermal transfer flow of fluid
past partially-infinite perpendicular porous moving plate in steady permeable medium.

The problem is studied with exhaust and in company of thermal radiation, thermo-diffusion, ion slip and Hall effects.
The conclusions of research are

1. The speed of fluid flow and micro rotation decline with rise in S suction parameter. Speed of fluid
Increases with rise in Du Dufour number, R radiation parameter, Hall and ion slip parameter.

2. The momentum borderline layer density decreases with rise in viscosity ratio and increases with increase in
Material parameter (variable).

3. The heat of the fluid increases with increase in radiation parameter and dufour number whereas heat
of fluid decline with increase in Prandtl number and suction variable.

4. The concentration of fluid decline with rise in suction parameter and Schmidt number.
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