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Abstract - We have explored theoretically the Hall and ion slip impacts on an unsteady laminar MHD convective rotating
flow of heat generating or absorbing second grade fluid over a semi-infinite vertical moving permeable surface. The effects
of parameters on velocity, temperature and concentration are demonstrated graphically and described in detail. The thermal
and solutal buoyancy forces contribute to the resultant velocity ever-increasing to high. The temperature distribution is trim
downs through an increasing in heat source parameter. The velocity, temperature and concentration is analysed graphically,
and computational results for the skin friction, Nusselt number and Sherwood number are also obtained.
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1. INTRODUCTION

The survey associated to free convective flow movement with in the existence of temperature resource has drained substantial
concentration of numerous investigators for the duration of last few decades, since of its extensive purpose in astrophysical
disciplines and cosmical study etc. Those types of flows engage in recreation and vital function in chemical engineering, acrospace
science and technology etc. The gyratory fluids are extremely imperative for the reason that of its happening in an assortment of
expected phenomenon and technological requirements by the Coriolis force. The comprehensive regions of numerous sciences are
full of a quantity of momentous and requisite characteristics of rotational fluids. Coriolis force effect is an essential than viscous
and nonreactive forces. Moreover, strengths of magnetic and Coriolis are comparable in terrible nature. The time dependent
fluctuating flows have numerous applications in a lot of domains such as chemical engineering, paper manufacturing and many
other scientific and industrial fields. Asghar et al. [1] have researched the flow of a non-Newtonian fluid provoked owing toward
the fluctuations for a absorbent plate. Choudhury and Das [2] explored the visco-elastic magnetohydrodynamic (MHD) free
convective flow in the course of permeable medium in the occurrence of radiation and chemical reaction phenomenon through heat
and mass transportation. Deka et al. [3] have researched that a free convective consequences for MHD flow through an infinite
perpendicular oscillating surface by constant heat discharge. Das et al. [4] have researched mass transportation effects on free
convective MHD flow of a viscous fluid enclosed through a oscillating porous plate in the slip flow managed by heat source. The
imperative investigation repared by Hayat et al. [5] for the flow of a non-Newtonian fluid for a oscillating surface. Manna et al. [6]
addressed results of radiation on time addicted MHD free convective flow over a fluctuating vertical porous plate entrenched in an
absorbent medium through oscillating heat flux. Shen et al. [7] researched the Rayleigh-Stokes predica-ment for a temperature and
comprehensive second order fluid through an important fragmentary derivative modeling. Singh and Gupta [8] studied free
convective MHD flow of viscous fluid during a permeable medium enclosed along with a fluctuating porous plate in slip flow
management through mass transportation. Jhansi Rani and Murthy [9] explored the radiation and absorption consequences on a time
dependent convective flow through a semi-infinite, inclined porous plate embedded in a porous medium through the heat and mass
transport. Veera Krishna et al. [10-13] researched the MHD flows for an incompressible, electrically conducting fluid in two-
dimensional channels. The results of heat radiation on MHD nanofluid flow between two parallel rotating plates are premeditated
through Sheikholeslami et al. [14]. Rashid et al. [15] explored a precise modeling for two dimensional stream wise transverse
magnetic fluid flows with heat transfer around a porous obstacle. Ellahi et al. [ 16] addressed the blood flow of Prandtl liquid through
tapered and stenosed arteries in permeable walls with magnetic field. Ellahi et al. [17] explored a new hybrid technique supported
on pseudo-spectral colloca-tions inside the intellect of least-squares technique is used to scrutinize the MHD flow of non-Newtonian
fluid. Oahimire and Olajuwon [18] addressed the effects of Hall current, chem-ical reaction and heat radiation on heat and mass
transportation of MHD flow of a micro-polar liquid through a porous medium.

Recently Veera Krishna et al. [19] explored heat and mass transportation on unsteady MHD fluctuating flow of blood
through a porous arteriole. Prakash and Muthtamilselvan [20] researched the effect of radiation on transient MHD flow of micropolar
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liquid connecting absorbent vertical conduit through the boundary conditions of the third type. The heat generation or absorption
and thermo-diffusion for an unsteady free convection MHD flow of radiating and chemical reacting second grade fluid at an infinite
ver-tical surface through a permeable medium in addition to adopting the Hall effects into description and has been researched by
Veera Krishna and Chamkha [21]. Krishna et al. [22] discussed the heat and mass transfer on MHD rotating flow of second grade
fluid past an infinite vertical plate embedded in uniform porous medium with Hall effects. Most recently, Veera Krishna and
Chamkha [23] addressed the diffusion-thermo, radiation-absorption, Hall and ion-slip effects on hydromagnetic natural convective
rotating flow for nanofluids over a semi infinite absorbent moving plate with invariable heat source. Therefore, within the present
analysis, we have explored theoretically the Hall and ion slip impacts on an unsteady laminar MHD convective rotating flow of heat
generating or absorbing second grade fluid over a semi-infinite vertical moving permeable surface.

2.Formulation of the problem

We consider the heat and mass transport on an unsteady two dimensional MHD convective flow of a viscous laminar heat
generating/absorbing second grade fluid over a semi-infinite vertical moving porous plate embedded in a uniform porous medium
and applied to a uniform transverse magnetic field taking Hall and ion slip effects into account. The Cartesian coordinate scheme is

xx .. . . . . . . .
chosen such that the = -axis is kept along the wall in the upward direction and the z-axis is occupied perpendicular to this. A
. . BB, . L N iy .
uniform magnetic field of strength ~ 2~ 0 is proceeding in the transverse direction to the flow. Initially undisturbed state. both the

fluid and plate are in rigid rotation by the uniform angular velocity 20 about the perpendicular to the plate. Also both the fluid and
the plate are at respite to invariable temperature and concentration at the surface. The constitutive equation for the fluids of second
grade is in the following form

T =—pl+pA;, + a,A, + a,A] )

pp o

. IT. S . . . . L .
where Tis the Cauchy stress tensor,  is the identity tensor, is the static fluid pressure, is the dynamic viscosity co-efficient,

o L. e s R« 21 . . s s . . .
1L and “27"2 are the normal stress moduli, i.e., 1 1is the elastic coefficientand = = is the transverse viscosity coefficient,

and the kinematic tensors Ady and AqA, are defined through

A, = (grad V) + (grad V)TA, = (grad V) + (grad V)T

dA, T
A, =——+A (grad V) + (grad V) 'A,
dt ()

d/dtd/dt

where = is the velocity vector, grad is the gradient operator and denotes the material time derivative. Since the fluid

. o . . . . ,=0=0 . .
is incompressible, it can undergo only isochoric motion and hence, divV and the equation of motion is,

WV_ 4 T + pF
po-=divT+p
dt (3)

where”? is the density of the fluid and FF is the body force. If the fluid modeled by the Eq. (2) is to be compatible with
thermodynamics, in the sense that all motions of the fluid meet the Clausius-Duhem inequality and the assumption that the specific
Helmbholtz free energy of the fluid takes its minimum value in equilibrium, then the material moduli must be satisfied as follows

(Benharbit and Siddiqui + ¥ 70190 ),

uz0a =z0,a,+a, =0 )

This, then, was shown to give to the theory a rather well behaved and pleasant stability and boundedness structure. It was also shown

N s . . . . . . . .
that if ~ 1" 1 was taken negative, the remainder of (4) being preserved, then in quite arbitrary flows instability and unboundedness

(a)

were unavoidable. However, it is well known that for most non-Newtonian fluids of current rheological interest, conclusions

(@)

are contradicted by experiments.
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Which were supposedly obtained by data reduction from experiments for those fluids it is assumed to be constitutively described
by as a second grade fluid, and it showed that such values for the material moduli led to anomalous behavior, thus questioning
whether the fluid under consideration in the experiments could be described as a second grade fluid.

The unsteady hydro magnetic flow in a rotating system is controlled by the continuity, momentum, energy and concentration
equations in the form as,

v (V) =0
3% (pV) =
av
P(E-F (V-V)IV+20xV+0Ox [ﬂ}(rj)
=V-T x B
ol (5)
I . . . . Vv . TT .
where ** is the current density, B is the total magnetic field, is the operator, is the Cauchy stress tensor for second grade

Lo . rr. . . .
fluid, is the angular velocity as well as~  is radial co-ordinate specified through
r2 = x2 —I-}F:r: = x2 _|_}F:
The equation of energy can be specified in various manners, such as,

dh _ Dp .
p(E-l- "F(hV])——E-I-‘F (k.VT) + & ©

h=e+pfph=e+p/p . w0l

hh . . . . .
where is the unambiguous enthalpy this is related to particular internal energy as

k. k. . .. $d o . .
temperature, ° ¢ is the conductivity of thermal energy, and is the dissipation variable portraying the work done versus forces
of viscosity, this is irrevocably changed into internal energy. This is specified as

& = (r.V)V= o,
= (1.V) =Ty a}(i

(7)

The pressure term on the RHS of Eq. 7 is generally abandoned. It is developed the equation of energy and assumed that, the
conductive heat transport is controlled as a result of Fourier's law through the conductivity of thermal energy of the fluid. Also,
radiative heat transfer and internal heat generation due to a probable chemical or nuclear reaction is deserted.

The equation of mass transfer with chemical reaction is specified by,

ac .
— =DpvVic-K.(C—C.)
ot (8)

The entire thermo-physical characteristics are assumed to be constant of the momentum equation in linear form; it is estimated in
accordance with the Boussinesq approximation. The plate is extending to infinitely hence all the physical variables are function of

Z . tt . . . . . .
and the time = merely. Under these assumptions, the governing equations that portray the physical conditions for the flow with
respect to the rotating frame are specified by,

du Jdu B

ax oy

©)
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—+w——2ﬂu=———p—|—u s+ ——=t oly
dt dz pox dz< pdz-dt P
LJ
—E’IL'FQ'JB(T_ Tm]+gﬁ?- (C
_Cm] (10)
dv dv 143 v a v B v
—+w——|—2ﬂu=———p—|—u st - — [JI——U
dt dz pay dz= pdz-dt P k (1

ar ar  k, 3°T @,
R _|_ W_ o - —
dt dz pC,0z° pC,

(12)

ac gc . 8*c ac ac _ . 8°c _
E+WE = DE_ Kc(':w_ CKJE_FWE =D F Kc[':w C:::]
(13)

It is assumed that the permeable surface actuates with a constant velocity in the direction of fluid flow. Also, the temperature and
concentrations at the wall and the suction velocity is expeditiously unreliable by means of time.

u=U,v=0T=T, +&(T, —T, )e""
c=C,+e(C,—C.le™ at z=0
w—+U_,v—=+0T—-T_,C—=C,_, a z—w (14)

The suction velocity at the surface is moreover a steady or a segment of time. Then, the velocity of suction perpendicular to the
plate is assumed in the frame be,

w = —wp (1 + ede’™®) (15)

whereﬁhﬁ1 and 5% are optimistic constants, which fulfills the constraint ed << led «<1 and

velocity and nonzero productive constant. The negative symbol designates the suction be achieve the plate.

W W, | .
™0 js extent of suction

It is introducing the non-dimensional variables,

) q ) w ) WoE L U q . w ) WoE o, Uy
qy::—’wy::—’zn_-':: D,U[;:_D,U; :—qu::—rwx:—lzy:: o ,U[?:_D_,U; = 2
Wy wg v w Wy wg wp v wp wg
b
z z
tw T—T. C—Cpn twr T-T. il
£oa= D,9= x"ﬁ_ 0 4 g DJE :x’qb oo
v Ty —Top Cor—Cog v T, —Ty Cw=Coo,
a EB‘E‘ v kwg vp iy v v _ . a2 E.E‘S' v kwﬁ vo ity v Ny
M- = ._..,K=—!,PI'=—F—=—,R=—._..M = ._..,K——!,Pr— =—,R=—._..
gwy v ky 4 wWp gwy v k, 4 Wy
b
G _ Vﬁg[:T“, - Tm)
I = w3
o
vfgs (. —Cp ) v W, vfgsl(C,.—C,) v W,
Cm = f.; oo JH= ny — n!_Grn: T.; s, JH= D:U — n!._
W ACpwp gv W aCpwp av
b
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Making use of the non-dimensional variables, the governing equations are diminished to

dg .. dg dU_ 9% d%q
—~_ Aeiwt) 1 = g — A
5e (LA o = Yot S M
+Gr 8 +Gm ¢
ae [1+ it g8 1 ) Ho
ot =ne gz Proz? (16)
A 8¢ 13%
— — (1 +ede') —=— —K
ot (1 +2ae )Bz Sc dz? c¢ (17)
The boundary conditions be,
g=U,0=1+ Eefwf,q{, = 1—|—se“":’33' g=U,0=1+ Eefwf’¢ = 1_|_Ee="iﬂ} at z=1

gq=06=0¢=0 g=06=0,¢=0 aSz—?»mz%m

By using of perturbation technique (e <<1)(e << lj, the velocity, temperature and concentration are

assumed be,

q = qo(2) + £2™“q,(2) + 0(?)

B = 6,(z) + ee'“78,(2) + 0(£%)

¢ = ¢y(z) + 2™ ¢, (2) +0(c7)

we obtained the equations of zeroth and first order be,

d*q,  dq,
dzfu—l_ 1z —Aqy = —Gr 6, — Gm ¢,
d?8, df,
3 +Pr— —HPr 6, =0
d*¢ d¢
dzf+5c dz”—Sr:Kc ¢, =0
. d’q,  dq. da,
(1+ Siw) dz:l—kﬁ—.lql:—(}r 8, —Gm ¢, —A L
djﬁlﬂ* DL _ (i + H)Pr 6, = —apr 200
152 r— (i )Pr 6, = r—
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L4 Sc —* — (iw + Kc)Sc ¢, = —ASc——
dz* dz dz (23)

Corresponding boundary conditions are,
Go=Upyq,=0,6,=1,6,=1,¢,=1,¢, =1atz=0
g,=0.g,=06,=0,6,=0,¢, =0,¢p, =0atz—w

g =a,e ™% —a,e ™7 —aze ™7 + g’ {—(a, + a, + by, + b,
+ﬂ'g + g + g + ﬂ-ll:]l‘?._mﬁz + ﬂ-gﬂ'_ms'z
+aﬁe—?ﬂ43 + (a? _|_ ag‘je—?ﬂaz + bae—?:ﬂzz + (b4 + all}:]e—:'ﬂ-_z + ﬂ'll}

(24)
=g ™% 4+ E(ﬂiﬁ.’_m“‘3+ ﬂ:e—mazjeiur (25)
qb =g ™iT 4 E(ble—mzz + b:e—m._z)eiu.lr (26)

It is observed that in case of substantially deliberate movement of the fluid. i.e., As soon as the viscous dissipation expression is
deserted, the temperature and concentration profiles are mostly influenced by Prandtl number and source parameter; Schmidt
number and chemical reaction parameter of the fluid accordingly. Taking into consideration,

g = Ug + Ivpqy = g + iv“’andqi =uy +ivygy =uy +ivy

The velocity distribution of the flow can be articulated as into oscillating parts,

4(zt) =q4(2) + £q,(2)e™*
u + v =uy + ivy + suycos wt +isu,sin wt + isv cos wt

—ev, sin wt 27)

Equating real in addition to imaginary parts,

u(z,t) = wy(uy(z) + e(uycos wt — vysin wt))

v(z;t) = wol(vy(2) + (uysin wt + v, cos wt))

(28)
Then the part for the unsteady velocity profiles for wt =n/2wt =7/2 are specified by
s
u (zﬂ) = wp(ug(2) — 2vy(2)) 29
v (z,i) = w, (vy(2) + suy(2))
cw o\Vp 1 (30)

For engineering curiosity, the non-dimensional skin friction, Nusselt and Sherwood number at the surface of
z=0z=10
the plate

=) M=) = @) Ve = (5)

(1)

are specified by,

z=l}and5h - _(g)zm}Sh - _{gjzm}
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3.DISCUSSION OF THE NUMERICAL RESULTS

The unsteady magneto hydrodynamic free convection flow of an incompressible electrically conducting second grade fluid bounded
by an infinite vertical porous surface in a rotating system taking hall current into account under the presence of heat source and
chemical reaction. The closed form solutions for the Velocityq Suty , temperature ¢ and concentration C are obtained making
use of perturbation technique. The velocity expression consists of steady state and oscillatory state. It reveals that, the steady part
of the velocity field has three layer characters while the oscillatory part of the fluid field exhibits a multi layer character. Further, it
is to observed that from Figures.1 (a-h) the velocity « reduces and v enhances with increasing Schmidt number Sc, first the velocity
u increases and then experiences retardation where as v reduces in the entire fluid region with increasing chemical reaction parameter
Kc. With increasing Prandtl number Pr the velocity u reduces and v enhances in the complete flow field. This implies that an
increase in Prandtl number Pr leads to fall the thermal boundary layer flow. This is because fluids with large have low thermal
diffusivity which causes low heat penetration resulting in reduced thermal boundary layer. Likewise the velocity u enhances and v
decreases with increasing the frequency of oscillation @ and time z. The resultant velocity reduces with increasing Kc or Sc and
increases with increasing Pr and time ¢. The temperature profiles exhibit in the Figures.2 (a-d) for different variations in source
parameter S, Prandtl number Pr, the frequency of oscillation @ and time ¢. It is observed that Prandtl number Pr leads to decrease
the temperature uniformly in all layers being the heat source parameter fixed. It is found that the temperature decreases in all layers
with increase in the heat source parameter S. It is concluded that the heat source parameter S and Prandtl number Pr reduces the
temperature in all layers. The temperature increases with increasing the frequency of oscillation @ and time ¢. The concentration
profiles are shown in the Figures .3 (a-d) for different variations in Schmidt number Sc, the chemical reaction parameter Kc, the
frequency of oscillation @ and time ¢. It is noticed that the concentration decreases at all layers of the flow for heavier species such
as CO,, H,O and NH3; having Schmidt number 0.3, 0.6 and 0.78 respectively. It is observed that for heavier diffusing foreign species,
i.e., the velocity reduces with increasing Schmidt number Sc in both magnitude and extent and thinning of thermal boundary layer
occurs. Likewise, the concentration profiles decrease with increase in chemical reaction parameter Kec. It is concluded that the
Schmidt number and the chemical reaction parameter reduces the concentration in all layers. The concentration increases with
increasing the frequency of oscillation @ and time ¢.
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Fig. 3. The Concentration profiles for C with 4=0.05 ; 0= Smi2 ; €= 0-001, t=0.2

Table 1 is characterized the magnitudes of skin friction. An enlargement of Hartmann number goes ahead to diminishes
in Skin friction. Because the Lorentz force on viscous fluid reduced the frictional drag. The similar behaviour is scrutinized through
an augment in rotation parameter, Prandtl number and heat source parameter. Additionally, an enlargement in permeability
parameter K goes ahead to bring to bear higher skin friction in enormity on the boundary of the surface, while the similar nature is
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scrutinized for the same when an augment in radiation-absorption parameter, Schmidt number, chemical reaction parameter, thermal
Grashof number, mass Grashof number, Hall and ion slip parameters near the boundary of the surface. Since from the Table 2, an
increment in chemical reaction parameter, Schmidt number, Prandtl number, heat source parameter, frequency of oscillation and
time goes ahead to an enhancement in Nusselt number. It is reduced with an increasing in radiation-absorption parameter.

Table.1 The Shear stresses (n=0.5, A=0.5, t=0.5, uo=0.5, € =0.001)

K R

Pr

Gr

Gm

Sc

Kc

H

Ql

be

bi

S

0.71

5

3

0.22

1

1

1

1

0.2

2.457624

1.809272

M
2 0.5 1
3
4

1.543358

1.0

2.838459

1.5

2.974925

2.390174

2.376257

1.238521

1.206082

10

4.387113

15

6.367006

3.631735

4.833842

0.3

3.006961

0.6

13.48957

3.427082

5.085501

1.196454

1.145125

5.962632

9.556867

2.885719

3.106757

0.4

2.499888

0.6

2.549612
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Table.2 The Nusselt number (A=0.5, € =0.001)

Ke

Qi

Sc

H

Pr

n

t

Nu

1

0.22

1

0.71

0.5

0.5

0.639327

0.762751

1
2
3

0.836533

-0.22994

-0.09965

0.30

0.725139

0.60

0.916283

1.161886
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3 1.521334
3 3.309965
7 7.458498
1 0.640091
1.5 0.641096
1 0.639783
1.5 | 0.64037
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