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Abstract: The purpose of present analysis is to study the effect of the unsteady flow of an incompressible
viscous fluid past an uniformly Accelerated Infinite Vertical Porous Plate through the Porous Medium taking
into the account of the presence of the variable temperature, uniform mass diffuse with the Heat and Mass
Transfer. The dimensionless governing equations are solved by using the Laplace Transform technique. The
Velocity, temperature and concentration fields are studied for the different physical parameters like Thermal
Grashof Number, Modified Grashof Number, Permeability Parameter, Prandtl Number, Schmidt Number, and
time. The effect of these parameters on the Velocity field, Temperature field and Concentration distribution are
studied and the results are presented graphically and discussed quantitatively.
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I.  Introduction

Effect of the heat and mass transfer play a vital role in the space craft design in cooling of the liquid
metal of the nuclear reaction, pollution of environment etc. Flow through the porous medium has numerous
engineering problems such as in the underground water resources, rain water harvesting, the moment of oil and
natural gas through oil sand stone reservoirs, purification of crude oil, paper and pulps industry membrane
separation process, flow of blood.

The problem of past as an accelerated vertical plate has many technological applications such as
filtration process, the drying of porous materials in the textile industries and saturation of the porous materials
by the chemicals. The combined effect of the heat and mass transfer plays an important role in the
manufacturing industries for designing of fins, steels rolling, nuclear power plants gas turbines and various
propulsion devices for aircraft, missile, spacecraft design, solar energy collectors, design of chemical processing
equipments, satellites and space vehicles are examples of such engineering applications

Il. Literature Review

Free convection effect on the flow past an accelerated vertical plate in an incompressible dissipative
fluid studied by Gupta et al [1]. Soundalgekar [2] presented an exact solution on the flow past a vertical
oscillating plate with variable temperature. Singh et al [3] analyzed mass transfer on the flow past an
accelerated vertical plate with aconstant heat Flux. Muthucumaraswamy et al [4] studied the effect of
the heat and mass transfer on the flow past an oscillating vertical plate with the variable temperature. Basant
kumar et al [5] discussed the free convection and mass transfer effect on the flow past an accelerated vertical
plate with the source. Muthucumaraswamy et al [6] studied an unsteady flow past an accelerated infinite vertical
plate with the variable temperature and uniform mass diffusion. Chaudhary et al [7] discussed the heat and mass
transfer effect on the MHD free convection flow past an oscillating plate embedded in the porous medium.
Muthucumaraswamy et al [8] analyzed the heat and mass effect on the moving vertical plate in the presence of
the thermal radiation. Muthucumaraswamy et al [9] presented an exact solution for the diffusion and heat
transfer effect on the exponentially accelerated vertical plate with the variable temperature Bala Siiddulu Malga
et al [10] studied viscous dissipation effect on the unsteady free convection and mass transfer flow past an
accelerated vertical porous plate with the suction. Sahin Ahmaed et al [11] analyzed convection laminar
radiation flow over an accelerated vertical plate embedded in a porous medium with an external magnetic field.
Saraswat Amit et al [12] discussed the heat and mass transfer effect on the flow past an oscillating infinite
vertical plate with the variable temperature through the porous media. Jain et al [13] presented the solution for
the computational method for the partial differential equation. Muthucumaraswamy et al[14] studied the MHD
flow past an exponentially accelerated vertical plate with the variable temperature with the mass diffusion in the
presence of chemical reaction. Chenna Kesavaiah et al [15] analyzed the effect of the radiation chemical
reaction and soret on an unsteady flow past an accelerated isothermal infinite vertical plate.
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The present study deals with the Investigation of an unsteady flow of an incompressible viscous fluid
with the heat and mass transfer effects on the Flow Past an Accelerated Infinite Vertical Plate with the variable
temperature through the porous medium.

I11. Formulation of Problem
The unsteady flow of an incompressible viscous fluid which is initially at rest past an infinite vertical
plate with variable temperature through a porous medium is considered. The flow is assumed to be in x-
direction which takes vertical plate in the upward direction .The y-axis is taken to be normal to the plate.
Initially the plate and the fluid are in same Temperature T’ with the same concentration level C’ at all points. At

3. ’
time t' > 0 the plate accelerated with velocity u = u%t in its own plane. The plate temperature is raised to T,

and the level of concentration near the plate is raised to C\, linearly with the time t. Then by Boussinesq’s
approximation the unsteady flow is governed by the following equation.
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Figure:1 Physical model of the problem
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with the following initial and boundary conditions

u=0 T =T, C=C,, tt<0, foral y.

u= B T2 T, 4 (T, - TL) AL, C=C.+ (Cu-C.) ALt >0 a y=0,
u=0 T->T,C — C, as y — oo (4)
Where A= (LL—%)

Introduce the following dimensionless quantities,
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Initial and boundary conditions in the non dimensional form are

U=20, 0 =0, c=0, for all Y <0, t<0
U=, 0=t C =1t at Y:O t>0
Uu=0, 0 — 0, CcC - 0, as Y — 9)
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IVV. Method of Solution
The governing equations By using the Laplace transform technique, the governing equations are solved

by taking the Laplace transform of the equations (6),(7),(8) and (9) the results are,
d?u

m-(S"‘k)ﬁ:—Gré—GCE
(10)
a’e =  _
m — s Pr © = 0
(11)
2 —
% — sSC =0 (12)
Now the initial and boundary conditions are
U=0, 0 =0, C=0 for all Y, t<o0
U=1 8=1 T=if &  v-o >0
_ S _ S _ N
U = 0, 0 - 0, C-0 as Y > o, t>0 (13)

On solving the equation (10), (11), (12) with the help of equation (13) the results are,
e~ YVsPr

0 = — (14)
— —yVs Sc
cC = ¢ ysz (15)
e _ l Gr Gc —YVs+k _ i Gr e_YW Gc e_Ym
U - [52{1 s(Pr—l)—k+ s(Sc—l)—k }] € s2 {S(Pr—l)—k S(Sc—l)—k (16)

Where s is the laplace transform parameter. On taking inverse laplace transform of equation (14), (15), and (16)
the results are,
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Where C=— b = n=-—
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V. Results and Discussions

The problem of the Heat and Mass transfer on the Flow Past an Accelerated Infinite Porous Plate with
the variable temperature through the porous medium is formulated and solved analytically. The values of the
velocity, temperature and concentration are obtained for the parameters such as Thermal Grashof number ( Gr
), Madified Grashof Number ( Gc ), Prandtl Number ( Pr ), Schmidt Number ( Sc), time (t) and Permeability
( k). The value of the Prandtl Number Pr is chosen to represent air ( Pr = 0.71) and the value of Schmidt
Number are chosen to represent presence of spices by Hydrogen ( Sc = 0.22), Water vapour ( Sc = 0.6 ),
Ammonia ( Sc = 0.78 ), Carbondioxied ( Sc = 0.96).

The velocity profiles are studied and presented in the Fig 2 to 7. The velocity profile for the different
values of Modified Grashof Number Gc (Gc = 2,3, 5) is presented in the Fig:2. It is observed that the
velocity decreases with the increasing of the Gc. The velocity profiles for the different values of the Thermal
Grashof Number ( Gr = 2, 3, 4) is shown in the Fig:3.1t is shown that the velocity increases with the increasing
of the Gr. The effect of velocity for the different values of the permeability (K = 3, 5, 10) is seen in the
Fig:4. And it is noted that the velocity decreases with the increasing of the permeability K. The velocity profile
for the different values of time (t = 0.3, 0.4, 0.6) is presented in the Fig:5. It is clearly shown that the velocity
decreases with the increasing of the time t. The temperature profiles for the different values of time (t = 0. 2,
0.4, 0.6, 0.8)is shown in the Fig:6.It is shows that the temperature increases of the with the increasing of the
time t. The effect of Concentration for the different values of Schmidt Number ( Sc =0.22, 0.6, 0.78, 0.96)
is seen in the Fig:7. It is noted that the concentration decreases with the increasing of the Schmidt Number Sc.

VI. Conclusion

An exact solution of the flow past an accelerated infinite vertical plate in the presence of the variable
temperature and mass diffusion are studied. The dimensionless governing equations are solved by the usual
Laplace transformation technique. The effect of the different parameters like Thermal Grashof number, Mass
Grashof number, Schmidt number, and time are studied graphically. It is observed that the velocity decreases
with the increasing value of the modified Grashof Number ( Gc ), Permeability ( K), time (t). Butthe trend
is reversed with respect to the thermal Grashof Number ( Gr ). It is also observed that the temperature increases
with the increasing of the time ( t) and wall concentration decreases with the increasing of the Schmidt number
(Sc).

VII.  Appendix — Nomenclature
C, Concentration in the fluid far away from the plate.
Cw Concentration of the plate
D Mass diffusion coefficient
A Constant
Y Coordinate axis normal to the plate
C dimensionless concentration
Y Dimensionless coordinate axis normal to the Plate
U Dimensionless velocity
Gc  Modified Grashof Number
Pr  Prandtl Number
Sc  Schmidt Number
C' Species concentration in the fluid
Cp Specific heat at constant pressure
T.. Temperature of the fluid far away from the Plate
T Temperature of the fluid near the plate
T, Temperature of the plate
K Thermal conductivity of fluid
Gr Thermal Grashof Number
t' Time
t  Dimensionless time
X Spatial coordinate along the plate
u  Velocity of the fluid in the x- direction
U, Velocity of the plate
g Acceleration due to Gravity
K Permeability Parameter
p  Coefficient of viscosity
erfc Complementary error function
p  Density of the fluid
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© Dimensionless Temperature
o Electric Conductivity
v Kinematic Viscosity
B Volumetric coefficient of Thermal expansion
W  Condition on the wall
o  Free stream conditions
B* Volumetric coefficient of expansion with concentration
n  Similarity parameter
VIIIl. Graphical Representation
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Figure 2: Velocity profile for different values of Gc
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Figure 4: Velocity profile for different values of K
DOI: 10.9790/5728-11337885 www.iosrjournals.org 82 | Page



An Unsteady Flow past an Accelerated Infinite Vertical Plate with the Variable Temperature and....

(1]
[2
(3]
(4]
(5]
(6]

12 -
t = 0.3, 0.4, 0.6 Gr=2
Gec = 5
1
K = 05
- 08 Pr = 0.71
S¢ = 0.6
= 06 t =03, 04, 0.6
=
2
< 04
-
02
0
02 04 06 08 1 12 14 16
02 - O
Figure 5: Velocity profile for different values of t
09
08 t =02, 0.4, 0.6, 0.8 Pr = 0.71
’ t = 02,04, 06,08
o 07
06
05
-
5 o4
-]
5 03
=
5 02
E
01
0
0 05 1 15 L2 g 25
Figure 6: Temperature profile for different values of t
025
Sc = 0.22, 0.6, 0.78, 0.96 t = 02
Sc = 0.22, 0.6, 0.78, 0.96
o 02
015

Concentration
L=
o

05 1 15 2 25 - 3
-0.05 -

Figure 7: Concentration profiles for different values of Sc
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