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Abstract

The objective of this paper is to investigate the heat and mass transfer effects on flow past an parabolic accelerated isothermal
infinite vertical plate in the presence of thermal radiation, magnetic field and hall effect. The non-linear, coupled partial differential
equations for momentum, mass and energy together with boundary conditions are reduced to dimensionless form. Exact solutions
of the governing equations are obtained using the Laplace transform technique. The numerical results for the velocity, the
temperature profiles and concentration profiles were presented graphically. The flow phenomenon has been characterized with the
help of flow parameters such as hall parameter (m), Hartmann number (M), rotation parameter (€2), Schmidt number (Sc), Prandtl

2

number (Pr), Grashof number for heat and mass transfer (Gr, Gc).An imposed rotation parameter Q satisfying Q = M "; , the
1+m

transverse motion (transverse to main flow) disappears and the fluid moves in the direction of the plate only. The effects of the

parameters QQ, M, m on the axial and transverse velocity profiles are shown graphically.
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1. Introduction

Heat transfer with thermal radiation on convective flows is very important due its significant role in the surface heat transfer. Recent
developments in gas cooled nuclear reactors, nuclear power plants, gas turbines, space vehicles, and hypersonic flights have
attracted research in this field.

Heat and mass transfer occur simultaneously in processes such as drying, evaporation at the surface of a water body, energy transfer
in a wet cooling tower and the flow in a desert cooler. Possible applications of this type of flow can be found in many industries.
For example, in the power industry, among the methods of generating electric power is one in which electrical energy is extracted
directly from a moving conducting fluid.

The study of magneto hydro dynamic (MHD) plays an important role in agriculture, engineering and petroleum industries. The
MHD has also its own practical applications. For instance, it may be used to deal with problems such as the cooling of nuclear
reactors by liquid sodium and induction flow meter, which depends on the potential difference in the fluid in the direction
perpendicular to the motion and to the magnetic field.

In recent years, the analysis of hydro magnetic flow in the presence of thermal radiation involving heat and mass transfer has
attracted the attention of many researchers because of its possible applications in diverse fields of science and technology such as
soil sciences, astrophysics, geophysics, nuclear power reactors etc. Magneto hydrodynamics plays a vital role in plasma
confinement, liquid-metal cooling of nuclear reactors, electromagnetic casting and also Magnetic Drug Targeting.

Hall Effect plays a vital role in the field of science and technology such as Hall effect sensors are used in rotating speed sensors,
fluid flow sensors, current sensors and pressure sensors. Brushless DC motors based on motion sensing uses the principle of Hall
Effect. Hall effect joysticks find its application in mining trucks, cranes, diggers, scissor lifts. Hall effect thruster is used to propel
spacecraft. Using the principles of magnetic flux leakage, hall probes are used to measure magnetic fields, inspect pipelines.

Free convection effects on the MHD Stokes problem for a vertical plate were carried out by Soundalgekar et al I, An exact solution
for unsteady magneto hydrodynamic free convection flow with constant heat flux was studied by Sacheti et al %I, The effect of Hall
currents on the magneto hydrodynamic boundary layer flow past a semi — infinite flat plate was given by Katagiri 1. Hall effects
on MHD flow past an accelerated plate was studied by Dekha 4, Hall effects on hydromagnetic free convection flow along a porous
flat plate with mass transfer were given by Hossian et al [¥, Hall effects on magneto hydrodynamic free convection about a semi —
infinite vertical flat plate were given by Pop et al %!, Hall effects on magneto hydrodynamic boundary layer flow over a continuous
moving flat plate was given by Pop et al /). Investigations on Hall effects in a rotating system by were given by Dileep Singh
Chauhan et al 1, Heat and mass transfer in MHD free convection flow over an inclined plate with Hall current were given by
Mohammad Shah Alam et al ¥l MHD transient flow with Hall current past an accelerated horizontal porous plate in a rotating
system was given by Nazibuddin Ahmed et al %, Sarkar et al ' considered Hall effects on moving vertical plate and concluded
that fluid velocity, temperature raises due to viscous and joule dissipations. Effects of Hall current on a sheet which is exponentially
stretching in radius, in cylindrical co-ordinates using homotopy analysis was carried out by Haider Zaman et al [,
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Muthucumaraswamy et al [** solved for a Hall effect problem with velocity profiles. Thamizhsudar et al 1 extended the problem
of Hall effects on an exponentially accelerated vertical plate without chemical reaction and radiation.

The objective of this work is to study the thermal radiation effects on flow past an parabolic accelerated isothermal vertical plate in
the presence of magnetic field and Hall currents, whenever the plate is cooled. Skin friction is also discussed.

2. Mathematical Analysis
’
Initially, the plate and the fluid are in stationary medium and with same temperature. Here, the X' -axis is taken along the vertical

!
plate in the vertically upward direction and the Y _axis is taken normal to the plate. Initially the plate and the fluid were rotating

] !
with a constant angular velocity Q' about the Z'-axis normal to the plate, which is perpendicular to X' -axis and y -axis. Here
the unsteady flow of a viscous incompressible fluid past an parabolic accelerated isothermal verticle plate with uniform mass

!
diffusion is considered. A magnetic field of uniform strength By is applied transversely to the plate. At timel < 0 , the plate and
! ! ’
the fluid are maintained at the same constant temperature = and concentration of the fluid ist . At time U > 0, the plate is
— 12 '
parabolic accelerated with a velocity u=4u in its own plane against gravitational field. At time t'>0 , temperature of the plate
’

and the concentration level near the plate is raised linearly with respect to time. That is the temperature of the plate is raised to W

!

and the concentration level is raised to CW.

Up Temperature

Flow model of the problem

By usual Boussinesq's approximation, the unsteady flow is governed by the following:
Momentum Equation:

2 2,2
d oue B *
A_, +20) € 02 (u+mv)+gp(T'-Ty)+9s (C'-Cl)
o o p(1+m )
@)
2,2
ov azv . ate By
S=0 2—29u+72(mu—v)
ot oz’ p(1+m )
)
Energy Equation:
oT' 8% T’ oq
pcp i = 2 :
ot 0z 0z 3)
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Mass diffusion Equation:
oC’ 0°C’
' = D 2
ot oz (4)
Where u is the axial velocity and v is the transverse velocity.
The initial and boundary conditions are

t'<0:u=0 v=0 T'=T C'=C]

forall z

'['>0:U:Uotlz,v=0,T,:Tv;,c!zc‘:V atz=0

t'>0:u—>0v—>0 T'>T, C'>C, z5x )

The local radiant for the case of an optically thin gray gas is expressed by

P L A
0z (6)

It is assumed that the temperature differences within the flow are sufficiently small such that T’ may be expressed as a linear

function of the temperature. This is accomplished by expanding T in a Taylor series about T and neglecting higher-order
terms, thus

T = 4T T 3T

)
By using equations (6) and (7), equation (3) reduces to
o _ k o +16a"0T 2 (T, -T)
p atl ay2 o0 o0 (8)
On introducing non-dimensional quantities:
1 2\3
ot o oo
v? 14 %
1
2 3 1 1
M:OBO Lz ’Gczgﬂ(c Coo),Grzng(r Too),
P Uo (V-Uo)% (V'uo )%
1
C v P
2 C'-Ck , T'-Ty Hp v o=0|-L
rotearall (v CTg o Ot P St Ty
K Uy
Equations (1) to (5) are reduced to the non-dimensional form as:
2, 2
a—U:a—L':JrZQV _2M ~(U+mV)+Gré+GcC
ot oz 1+m )
2 2
N _9V o0u+ M (mu-v)
ot oz 1+m (10)
0 _ 10 R
ot Proz? Pr (11)
e _1ec
ot Sc 0z7? (12)

The initial and boundary conditions in non-dimensional form are

t'<0: U ZO,V ZO’OZO’C:Ofora"Z
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t>0: U=t V=0 =1 C=1,2=0

(13)
t>0:U—->0V->060->0C—>04x45Z—>w
The above equations (9)-(12) and the boundary conditions (13) can be combined as
2
* = 0 Iz -aF +G,0+G.C
ot oZ (14)
20 _ 10 R
ot Proz® Pr (15)
e _ 10
ot Sc 6z° (16)
2 2
Where a = M >+ 21 Q— M nl
1+m 1+m

With boundary conditions

t>0:F=t? 0=1C=1,427=0

t>0: F500->50C—>0,;2Z—>» (17)

Where F=U+iV, U represents the axial velocity(primary velocity), V represents the transverse velocity(secondary velocity). All the
physical variables are defined in the nomenclature.

2. Discussion of Solution

Equations (14) to (16), subject to the boundary conditions (17), are solved by the usual Laplace-transform technique and the
solutions are derived as follows:

0(z,t):%[exp(Zn\/ﬁ)erfC(n\/ﬁm/ﬁ)+exp(—2n\/ﬁ)erfc(n\/ﬁ—\/ﬁ)] -
18

C(z,t) = erfc(n+/Sc) (19)

UASNS 1 M o(n? -
F(z,t): {a +t }SJ{% t}Zn\ﬁT a\/;exp( 7’ —at)+(e+ f)A

—eexp(ct) A, — f exp(dt) A, —eA, +eexp(ct) A, — fA, + f exp(dt) A, 20)

Where

S = %[exp(an)erfC(n+M )+exp (- 2n/M t)erfc (17— /Mt )]

1
T = 2N[exp(—2n\/W)erfc(n—\/W )—exp (273/M t)erfc (7 +/Mt )]

A =exp (27 /at)erfc(++/at ) +exp(—2n./at)erfc(7—+/at)

A, =exp(2ny/(a+o)t) erfe( +/(a+c)t) +exp(-2n,/(a-+ c)t)erfe(n —/(a+c)t)

A, = exp(2n73/(a+d)t) erfc(n +/(a+ d)t) +exp(-2n4/(a+d)t)erfc( —/(a+d)t)

A = exp(2n\/ﬁ)erf0(n\/ﬁ + \/H) + exp(—ZU\/ﬁ)erfc(n\/ﬁ - \/H)

A, =exp(=2y/Pr(c+b)t) erfc(ny/Pr —J(c+b)t) + exp(2ny/Pr(c+b)t)erfc(nv/Pr +/(c+b)t)
A, =erfo(y/Sc) A =exp(-2n+/Scdt) erfe(iy/Sc —/dt) + exp(2n+/Scdterfe(r+/Sc ++/dt) |

where
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b:i C:R_a,d: a ,e= Gr f:L
Pr’ 1-Pr Sc-1 2c(1-Pr) 2d(1-Sc)

erfc is the complementary error function.
In order to get the physical insight into the problem, the numerical values of F have been computed from (20). While evaluating
this expression, it is observed that the argument of the error function is complex and, hence, we have separated it into real and

imaginary parts by using the following formula:
2

n
exp(=,-

erf (a+ib) = erf (a)+—)[1 cos(2ab) +isin(2ab)] + 2exp(-a )Z 411 (ab)+ig,(ab)]

2ar T ~ n?+4a
Where
f, = 2a—2acosh(nb) cos(2ab) + nsinh(nab)sin(2ab)
and
g, = 2acosh(nb)sin(2ab) + nsinh(nab) cos(2ab) e (a,b)| ~ 10 *ferf (a+ib)|

3. Skin Friction
Skin friction from velocity field in non-dimensional form is given by

oF
T=| —
Eazjz_o

From equations (20) we have

———exp(-at)

T =-(t? +2e+2f){ \/_erf(\/—)+ \/_ }

1 1 Jt
——exp(-at) +
‘/_ 4a te rf(\/_ ) Za‘/_ 2fexp(dt)

d)t
ard, f(\/(a‘T)+\/_ exp(—(a+ ))}

———exp(—(a+c)t)

2eexp(ct) { V& T Cerf(V (a+c)t )+ \/_

£exp(—bt)

Jnt

H+2e{ \/E erf(\/a)

+

Jpr
——exp(-(b+c)t)
ooy { VPTOFO) o JOFOT VA i o

/5o \/87 exp (dt)}
{*/_ -2fexp(dy VISC grgV/dt 1, vt

ou
T, =
1z

oV
Ty =
a z=0js the skin friction due to transverse velocity

R R-a a Gr
b=—c= ,d= ,e=
Pr 1-Pr Sc-1 2¢c(1-Pr)

erfc is the complementary error function.

}ZO is the skin friction due to axial velocity and

4. Profiles for Concentration, velocity(axial and transverse), temperature and skin friction
To plot the profiles, it is considered that Prandtl number (Pr) as 0.71.
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Figure 1 depicts the concentration profiles for Hydrogen (0.16), Water vapour (0.6), Ethyl Benzene (2.01). Schmidt number (Sc)
gives the relationship between momentum diffusitivity and mass diffusitivity. Concentration in the presence of Ethyl Benzene is
less when compared to Hydrogen, and Water vapour. Concentration boundary layer decreases for increasing values of Schmidt

number. The temperature profiles are calculated for different values of thermal radiation parameter (R = 2:510Y are shown in figure
2. for air (Pr=0.71), The effect of thermal radiation parameter is important in temperature profiles. It is observed that the
temperature profiles increases with decreasing radiation parameter.

Greater cooling of the surface results in an increase in the velocity. Mass and thermal buoyancy effect increases as there is an
increase in thermal grashof number. This increases the speed of the flow. Figure 3 clearly shows that, an increase in thermal and
mass grashof number (Gr and Gc) results in decrease in axial velocity. From Figure 4, it is seen that, for increasing values of Gr
and Gc, the transverse velocity decreases.

From figure 5, it is clear that there is a decrease in axial velocity when there is an increase in thermal radiation parameter and figure
6 shows that there is an increase in transverse velocity when the thermal radiation parameter increases.

Figure 7 and Figure 8 clearly shows that skin friction due to primary velocity(z,) increases for increasing values of thermal radiation
parameter (R) and also increases for increasing values of Gr and Gc respectively. Figure 9 and Figure 10 shows that skin friction
due to secondary velocity(zy) decreases for increasing values of thermal radiation parameter (R ), and also decreases for increasing
values of Gr and Gc respectively.

0.9
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04}

03}

02}

0.1}

Fig 1: Concentration profiles for different values of Sc
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Fig 2: Temperature profiles for different values of R
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Fig 4: Transverse velocity profiles for different values of Gr and Gc
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Fig 5: Axial velocity profiles for different values of R
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Fig 6: Transverse velocity profiles for different values of R
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Fig 7: Primary Skin friction profiles for different values of R

Fig 8: Secondary Skin friction Profiles for different values of R
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Fig 10: Secondary Skin Friction Profiles for different values of Gr and Gc

5. Conclusion
An analytical study of profiles for concentration, temperature, axial velocity, transverse velocity and skin friction on convective
flow past a parabolic accelerated vertical plate in the presence of Magnetic field, Hall current and thermal radiation has been carried

out.
(i)
(i)
(iii)
(iv)

v)

The case of cooling of the plate (Gr > 0, Gc > 0) as convection currents are carried from the plate is focused. It is observed that
Concentration(C) decreases for increasing values of Schmidt number (Sc).
Axial velocity(U)
(a) decreases for increasing values of thermal grashof number and mass grashof number (Gr and Gc).
(b) decreases for increasing values of thermal radiation parameter (R).
Transverse velocity(V)
(a) increases only for increasing values of thermal radiation parameter (R).
(b) decreases for increasing values of thermal grashof number (Gr), mass grashof number(Gc).

Skin friction due to primary velocity(fx)

(a) increases for increasing values of thermal radiation parameter (R).
(b) increases for increasing for increasing values of thermal grashof number (Gr), mass grashof number(Gc).

Skin friction due to secondary velocity(TY)

(a) decreases for increasing values of thermal radiation parameter (R).
(b) decreases for increasing values of thermal grashof number (Gr), mass grashof number(Gc).
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