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Abstract: The purpose of this study is to investigate the effects of Hall and ion slip on the unsteady MHD convective rotating flow
of Casson fluid through porous media under the impact of chemical reaction. The equations governing flow, heat, and mass transport
may be reduced to a set of ordinary differential equations that can be solved analytically by utilizing the perturbation technique. The
numerical values of shear stress, Nusselt number, and Sherwood number at the plate are tabulated, while the changes in fluid
velocity, temperature, and concentration fields caused by changes in different physical parameters are visually shown.
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1.Introduction

One of the rheologic and fluid dynamic property of blood flow deals a substantial bit part in the essential grasping and treating of
many cardiovascular, cerebra vascular and arterial diseases. Many research scholars are making serious attempt to do research in
blood. Blood is plasma, platelets, erythrocytes and other particles. Rheologic ally blood flow behaves differently in large blood
vessels and narrow blood vessels. It behaves homogenous Newtonian fluid way in large blood vessels and non-Newtonian in narrow
blood vessels e.g., capillaries. The flow behaviour is further intricated due to the fact that at low shear rate certain chemical reactions
occur that may cause momentous changes in the flow behaviour of blood. Since harmful experiments cannot be carried out on living
human beings, many theoretical researchers experiment blood flow through human artery with a branch capillary. The complications
in describing the flow of blood in the arterial system leads to develop a constitutive mathematical model that can explain its non-
Newtonian behaviour[1]. Craig and Watson supposed, since blood is an electrically conducting fluid, it exhibits
magnetohydrodynamic (MHD) property, which may cause potential health consequences. When a magnetic field is applied to a
moving, electrically conducting fluid, electric and magnetic fields are generated. They interact and create Lorentz force, which is a
body force per unit volume. It has a substantial influence on preventing liquid movement[2]. Ajaz explains the complexities of blood
flow via a nonsymmetric horizontal artery with a slight stenosis. It is classified as a micropolar fluid that is homogenous and
incompressible. The impact of rotation and magnetic field was studied in detail and numerically estimated [3]. Ali and others study
the use of magnetic particles for medicinal purposes in a brief manner. Their blood flow analysis uses a concealed magnetic field
that is administered perpendicularly. As a result, adequate utilisation of magnetic field strength can regulate particle and blood
mobility [4]. Saqib and others experimented the blood flow through a cylindrical tube [5]. Ramakrishnan proposed simplified
mathematical model to understand the behaviour of blood flow through porous medium with finite thickness [6].

Shehzad and others (Shehzad et al., 2013) did their research in the flow of electrically conducting Casson fluid through a porous
stretching sheet by the influence of mass transfer with the chemical reaction. Hussanan[8]investigated unsteady motion in the
boundary layer on MHD flow of a Casson fluid inserting through a oscillating vertical plate with the effect of heat. A significant
result found and acquired exact solutions. Khalid [9] research is in two-fold, those are MHD and porous medium. The magnetic
fields induce currents in the fluid flow of a transient phenomenon that past in an oscillating vertical plate thrust in a porous medium
with constant wall temperature and used Laplace technique to find results. The investigation of boundary layer flow on MHD
incompressible Casson fluid past in the porous medium is explored by Shehzad(Shehzad et al.,2016). Biswas and
others[11]discussed heat and mass transfer of Casson fluid on electrically conducting through a vertical plate with emission of
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energy and chemical reaction. Hussanan[12]investigated the heat transfer effect on the unsteady boundary layer flow of a Casson
fluid past an infinite oscillating vertical plate with Newtonian heating.

Abro & Khan[13]demonstrated the effects of the fractional calculus derivative without singular Kernel on the double convection
MHD flow of a Casson fluid. They projected the effects by using and non-using magnetic field and a porous medium over an
oscillating vertical plate. The author Pattnaik[14]highlights the novelty of analyzing the effect of angle of inclination on the flow
phenomena with the help of heat source / sink and destructive reaction. Sagib[15]calculated the slip effect at the boundary of a
vertical plate from the flow of Casson fluid with the help of radiative heat and mass transfer utilizing the first order chemical
reaction. Veera Krishna [16]analyzed the unsteady MHD oscillatory free convective flow of second grade fluid through porous
media between two vertical plates is subjected to Hall effects. Khan[17]scrutinized and presented on magnetohydrodynamic (MHD)
natural convection flow over a moving plate on combined effects of heat generation and chemical reaction inserted in a porous
medium. Rajakumar[18] investigated hall and ion slip current on unsteady, free convective, magnetohydrodynamic Casson fluid
flow passes through semi — infinite oscillatory vertical porous plate with time dependent permeability. Jha & Sarki[19] did a
theoretical analysis using Defour effects and first order chemical reaction with the moving porous infinite vertical plate transferring
mass and free convection, fully developed, steady motion are taken into the account. Kumar & Vishwanath[20] analyzed MHD
viscoelastic fluid, free convective flow passes in a porous regime into the channel of inclined with the effect of hall and ion slip.
Makhalemele(Makhalemele et al., 2020) examined incompressible viscous electrically conducting mixed convective flow over a
two phase system consisting of elastic solid and incompressible fluid phase. The channel plates are activated by both buoyancy
force and oscillatory pressure gradient.

In recent years the author Singh & Seth s [22], Krishna & Chamkha,[23], Krishna[24], Krishna, Sravanthi[25], Krishna &
Chamkha[26], (Krishna, Ahamad[27], Krishna[28], Dharmaiah, Sridhar, Balamurugan, & Kala[29] who have made an attempt to
deal with hall and ion-slip effect on magnetohydrodynamics over a vertical surface, penetrable semi-infinite moving plate, infinite
vertical porous plate, rigidly rotating parallel plates, semi-infinite absorbent plate with rotation and kinds of Newtonian and non-
Newtonian fluids applied in the porous materials are quite admirable. Veera Krishna [30]invesgated various articles regarding hall
and ion slip effect on MHD. But in this paper on double — diffusive unsteady natural convective MHD rotating flow in the micro —
polar fluid through vertical moving plate. Analyzing the literature above-mentioned, new research is established. The main objective
of this research is to investigate hall and ion slip on the blood flow distributing magnetic particles uniformly passes into porous
material with chemical reaction in a channel. In addition, in the magnetic field blood flow is in rotation. Perturbation technique
utilized to get exact solution. Various parameters impact is shown in several graphs.

2. Mathematical method and solution
Convective flow in two infinite plates at distance Z, instituted in a soaked porous medium by the influence of invariable transverse

magnetic field of strength B, and the impact of angle of inclination is scrutinized. The fluid is applied at a uniform angular velocity

around the normal to the plate along the x— and z— axes, which are perpendicular to the plates and are the rigid rotation axes, as
shown in Fig. 1. The temperature and concentration of the plate and the surrounding fluid are assumed to be the same. The magnetic

YA
Reynolds number is taken into account while controlling velocities. The plates of the channel occupying the planes Z = i?o are

of infinite extent and all the physical quantities depend upon Z and t.

Fig. 1 Physical model of the problem

For an isotropic and incompressible Casson fluid flow, the rheological equation of state is [31]
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Where, z; - (i, D" or=e, e e (0 j)th TPy Tcare component of the stress tensor, component of the deformation

tensor, product of the deformation rate components W|th itself, yield stress and critical value of this product based on the non-
Newtonian model

The governing equations for the flow are given by [32] .
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where, u and v are the components of velocities along x and y directions, respectively, A, = yB\/E/ Py - non-Newtonian
Casson parameter, t'_the time, p - the fluid density, p - the kinematic viscosity, g - the acceleration due to gravity, £; and [
- the thermal and concentration expansion coefficients respectively, k'- the permeability of the porous medium, B0 - the magnetic
induction, T - the temperature , KT - thermal diffusivity of fluids, Cp - specific heat at constant pressure, (, - the radioactive heat

flux, C- the concentration, D -the coefficient of chemical molecular diffusivity, kC -chemical reaction, T1 and C; are the temperature
and concentration.

The following are the initial and boundary conditions:
t<0,u=0,v=0T=T,C=C, Vg, R
. : YA
t>0, ?:%u,v:O,T =T, +£"(T,~T),C=C, +£(C,~C), a 7=
7k . ™
ou a

c’iz\/k_O

For optically thin fluids, the radiative heat flow [33], [14], [34] is give by

2 yv=0,T=T,C=C,at 2= %
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We derive (5) by using Eg. (8) in (5).

Gl o°T
IOCpE: KTF_L"I(T —T)-Q(T -T)

(10)
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Hall and ion slip currents should be examined since electron-atom collisions are believed to occur often. As a result, the velocity in
the y-direction is determined by the Hall and ion slip currents. The generalised Ohm's law is modified to incorporate the Hall and
ion slip effects when the magnetic field is sufficiently high [35], [36],[34], and [40].

J :o”(E+q><B)—&(J x B)+ﬂe—fi((3 x B)x B)
B, B: 1)

where g, B, E, J, ¢, a,,; are the velocity vector, magnetic field vector, electric field vector, current density vector, effective
electric conductivity of hybrid blood, Hall parameter, and ion slip parameter, respectively.
The Maxwell equations are as [39]:

VxE——% VB=0,V.J=0

The electron pressure gradient and thermoelectric effects are ignored. Eq. (11) reduces under these assumptions.
(+ea,)d, +a,d, =c'By (12)
1+, ), —a,d, =—0c'Byu (13)

We get by solving Egs. (12) and (13)

J, =c'By(B,u+pBv) (14)
J,=—0"By(B,,v—Bu) (15)
1+ a. a

Z’ﬁ”:

e

e

where, g, =

(+aa) +a (+a.a) +a?

Substituting Egs. (14) and (15) into (3) and (4), respectively, yields (3) and (4).
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Combing the equations (16) and (17) , we get in the form of q‘= u+iv

o
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To make the governing equations easier to understand, the following non-dimensional variables are defined.

7=% q=94-t% 4_8% o 7N _C-C

Zy 4o Zy do Tz _Tl Cz - Cl
The non-dimensional form of governing equations reduces Egs. (6),(7),(10) and (18) is as follows:
Reg? (1+ 5 ]Z d_(M?(8, +iB,)+2iR+ 5 )q+GroCos g +GmgCos (19)
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Where,Gr:Mis the thermal Grashof number, Gm = 962, (C, ~C))

is the mass Grashof number,

v, vQ,
222 Zz k v
M =—""C% s the squared Hartmann number , K_==%"C is the chemical reaction parameter, Pr =-—"— is the Prandl
VP 1% K;
| . z§ . . Qoo .
number, SC= B is the Schmidt number, R = is the rotation parameter and Re = is the Reynolds number.
1% 14

The non-dimensional boundary conditions are as follows:

t<0,q=0,0=0,4=0 Vz, A

t>0, a—qzocaq, O=1+&" ¢p=1+&"", a z:1
0z 2

> (22)

aq 1
— = ,0=0,0=0,at z=—=
pe aoq ) a >

z _/
where, 0 = TO is the porous parameter, N = Cl + (2 is the resultant of thermal radiation parameter and heat source/sink
0

4z . Qz
152 —
pCv pCVv

3. Solution of the problem

parameter, &, =

The fluid velocity, temperature, and concentration are assumed to be as follows in order to solve the corresponding equations (19)-
(21), yield

A(z,t)= 0, (2)+c€u,(2)+0(e?),

0(z,t)=0,(2)+ z€6,(2)+0(&?), (23)

#(z,t)= g (2)+ 4 (2)+0(e?)

We get the following set of differential equations 0,0, 8,,8,, d,, ¢, by substituting Equations (23) into Equations (19) to (22).

We omit the higher order of 82 and simplify.
Zeroth order equations:

Qo =l Go + 1,65 +154,=0 (24)

0,, —1,6, =0 (25)

oz~ $=0 (26)

First-order equations:

Oiz — Ie g, + I7 0, + |8¢1 =0 (27)

6, — |11 6, =0 (28)

iz |, =0 (29)
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Subject to zeroth and firstorder boundary conditions are

1 3
q _ao-q01 _1 ¢0_1 at Z:E
1 e
Jo, =0 q, 00:0, ¢0 =0 at 7=—=
? g (30)
1
qlzzao-ql! 0]_:1, ¢l=1 a_t Z:E
1 ( (31)
0. =000, 6,=0,4=0 at z=-3
J

The velocity, temperature, and concentration distributions are given by solving Equations (24)-(29) using the boundary conditions

(30) and (31) correspondingly.
I Sinh{‘/zl—} Slnh{‘/;—}
2,
= Cosh[/l,z s Cosh z 32
=1 S [f_h? T (32)

) Sinh{‘/lz—} Sinh{‘/g_z}
q1: 410 Slnh\/_ COSh[\/—Z]+ l; -1, Sin h\/_ COSh[\/EZ] >

3

smh{{g}

6, = ZWCosh[\/Ez] (34)
Sinh{\/lzl_o_

6, = 2W-003h[\/g 7] (35)
Sinh{‘/g—l_

@ = ZW-Cosh[\/E z] (36)
Sinh{‘/lzl—z_

¢ =2————=Cosh[|[l,,Z]
Smh\/E -

where, |, S d,=M2(B, +ipB,)+2iR+c% 1, _L 1, GrCOS[O‘]J5 _GmCos[a]
B I, I, 1,
Re(iw+1,) _ _
lg = | g = NPr, 1, =Pr(Reiw+1,),l;, = Kr Sc,l,, = Sc(Rei @+ Kr)

1

1
At the plate Z = iE the non-dimensional skin friction is given by[37]
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According to Fourier's law of heat conduction, the rate of heat transfer at the plate is represented in terms of the Nusselt number.
[38]

— ¢ [I,, Sech @ sinh[y/lyz]- i, Sech % sinh|y,z],

11
2'2 -

The relation gives the rate of concentration in terms of Sherwood number.

=—"" I, £ Sech| Y2 Slnh[ 122] \/_Sech |2” Sinh[\/Ez]

4. Results and Discussion

Different parameters and their consequences are examined on MHD Casson fluid electrically conducting incompressible, rotating
and radiating through two verticals in a porous medium. The exact values for Governing equations are resolved by using perturbation
method. Figs 2 — 10 are the clear cut graphs to grasp the profiles of velocity, temperature and concentration. Different values of

squared Hartmann number (M), dimensionless fluid concentration (¢ ), chemical reaction parameter (Kc) and resultant of thermal

radiation parameter and heat source/sink parameter(N) are the profiles of velocity. These are shown in the fig 2(a) — 2(d). The
interpretation of velocity components U and V are drawn in fig 2(a) — 2(d). The transient fluid velocity component U diminishes

and velocity component V increases when the M, @, Kc, N values are mounting. For fig 2(c) and 2 (d) boundary layer thickness
varies in the region and fig 2(a) and 2(b) boundary layer thickness be as it starts.

Fig 3(a) — 3(d) illustrate the consequences of velocity U and velocity V. The velocity U and the velocity V are diminishing with
escalate in Casson parameter (fc), rotation parameter(R), Schmidt number (Sc) and thermal Grashof number (Gr) in the area. In the
fluid medium, the fluid velocity decreases by the inclination. Fig 4(a) — 4(c) portray the significance of hall parameter (x;), ion slip

parameter (&£;) and mass Grashof number (Gm) about the fluid velocity U and fluid velocity V. The fluid velocity U augments at
the same time mass Grashof number (Gm), hall parameter (X ;) and ion slip parameter (££;) are also increases. And the fluid velocity
V decreases with the increase in the mass Grashof number(Gm), hall parameter (¢;) and ion slip parameter (;).

Fig 5 depicts the temperature profile at the boundary. The effect of Prandtl number increases when the temperature decreases. Also,
boundary layer thickness reduces when the Prandtl number increases. Fig 6 displays the resultant of thermal radiation parameter
and heat source/sink parameter(N) on the temperature profile. The temperature augments when the values of resultant of thermal
radiation parameter and heat source/sink parameter (N) also increase. Also, it outcomes in increasing temperature within boundary
layer.Fig 7(a) and fig 7(b) are exhibited the flow in the concentration profile. Concentration profile decreases when the chemical
reaction parameter (Kc) and Schmidt number (Sc) increase. Thus boundary layer thickness reduces significantly. From Fig 8(a) and
8(b), The ratio of the convective mass transfer to the rate of diffusive mass transport Sherwood number (Sh) to the upper wall
increases with increasing different values of Schmidt number (Sc) and Chemical reaction parameter (Kc) at time t also with distance

1
z =+- . From Fig 9(a) and 9(b), the ratio between heat transfer by convection and heat transfer by conduction Nusselt number (Nu)

increases with increasing Schmidt number (Sc) and Prandtl number (Pr) and time t where as it increases in negative region and
decreases in the positive region. From Fig 10(a) and 10(b), an increase in the shear stress(t) with increasing Casson parameter (/5
) and rotation parameter (R) and with respect to the time (t) whereas the parameters increase in the negative region and decrease in
the positive region.

From table 1, It is observed that the Skin friction T augments in the negative region and declines with the increase in Hartmann
number, porous parameter, Thermal Grashof number, Prandtl number, dimensionless fluid concentration and Thermal conductivity
in the positive region. The Stress constituent T diminishes in the negative region and t amplifies with an increase in Hall and ion
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slip parameters in the positive region. Hence Hartmann number, porous parameter, thermal Grashof number, hall and ion slip
parameter, Prandtl number, dimensionless fluid concentration and thermal conductivity parameter have an opposite consequence
for the positive and negative regions. The Stress constituent T increase with an increase in Casson parameter and time in the negative
region and it has fluctuation in the positive region. The shear stress in both locations changed as the mass Grashof number and

Schmidt number increased.

From the second table An rise in the Prandtl number, the radiation parameter, and the Nusselt numbers will follow. In the negative
region, it is also diminished when the frequency of oscillations or time increases, but in the positive region, it is reduced as the
parameters grow and numerous oscillations occur only in time. Table 3 shows the results. A rise in Schmidt number and thermal
conductivity precedes an elevation in Sherwood number. In the negative zone, this is additionally augmented by an increase in the
frequency of fluctuation in the radiation parameter and time, whereas in the positive region, the Sherwood number decreases with
the thermal conductivity and fluctuation in the remaining parameters.
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Fig. 9 (a) — 9(b) Nusselt number with Sc and Pr
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3 u 1.24265
4 u 1.29205
3 u 0.899563
7 u 0.519699
/5 u 0.485488
Tl u 0.424332
i3 u 0.300048
2 -0.226682
3 u 0.158046
4 1 0.10108
0.3 u 0.0662924
0.6 u 0.426671
0.78 u 1.05317
0.4 u 1.05314
0.6 u 1.05304
1
Table 2.Nusselt Number Z = ME
Pr N & t Re Nu
0.71 0.2 0.001 0.2 0.5 +0.06975
3 +0.28612
7 +0.63009
7 3.2 +4.65992
7 6.2 +6.58349
7 0.4 +6.57454
0.6 +6.56376
0.8 + 6.55527
1
Table 3. Sherwood Number Z = ME
Pr N epsilon t Re Kr Sc Sh
7 0.2 0.001 0.6 0.5 1 0.78 +0.365322
2 +0.691111
3 +0.983867
3.2 4 +1.24943
6.2 0.22 +0.409924
0.3 +0.545873
6.2 +4.90852
0.4 +4.9118
0.6 +4.90852
0.8 + 4.90656

5. Conclusion

This article predicts the effects of hall and ion slip. The influence of an imposed magnetic domain on the unsteady MHD convective
rotating flow of Casson fluid applied in the porous material with chemical reaction. The outcome of the investigation is summarized
below.

* The velocity U increases with the increase in hall parameter, ion slip parameter and mass Grashof number and the velocity
V increases with the increase in Hartmann number, dimensionless fluid concentration, chemical reaction parameter and Thermal
conducting parameter whereas the velocity U decrease with the increase in Hartmann number, dimensionless fluid concentration,
casson parameter, rotation parameter, Grashof number, Schmidt number, Chemical reaction parameter and Thermal conductivity
parameter and the velocity V decreases with the increase in casson parameter, rotation parameter, Hall parameter, ion slip parameter,
mass Grashof number, Grashof number and Schmidt number.

+ The temperature of the fluid dribbles due to the effect of Prandtl number and radiation parameter.

+ The concentration level of the fluid decreases with the increase in Schmidt number and chemical reaction parameter.
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+ The Sherwood number representing the transport from a moving fluid to a vertical plate with the chemical reaction parameter

and Schmidt number are given the rate of mass transport near the plate with an increase in time.
d

negative region heat and force lead to increment in the thickness and positive region heat and force lead to decrement in the
thickness.

% The present model shows the flow of non-Newtonian fluid through porous medium by means of Hall and ion slip impacts
portrays the augmentation.

+ Nusselt number and shear stress are examined over channel distance +— . The resolution of the convection in the near wall
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