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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.

IndexTerms : Accelerated infinite Vertical Plate, Heat Transfer, Mass Transfer, Porous Medium and mass diffusion.

l. INTRODUCTION

The flow through porous media acting an essential role in the fields of science and engineering and considered to be one of the
world’s most popular classic work. In many engineering and chemical process industries like petroleum, chemical engineering, ground water
hydrology, soil mechanics, drainage and irrigation engineering, soil physics and soil mechanics, the flow through porous medium application
can be used.

A porous medium is a martial consists of pores or voids. Sponge in one of the best example of a porous medium. The skeletal
portion of the material is known as the matrix or frame. The medium can be modelled in a solid matrix penetrated by a network of channel or
pores where fluid is in motion. The natural substances like soils, rocks, bones, organic tissues and artificial equipment like cement, foams
and stoneware all known as permeable medium.

The flow through permeable intermediate had wide applications in mechanical, chemical, civil engineering and medicine. In
various branches of engineering and science, reservoir engineering, petroleum engineering, environmental engineering, civil
engineering, ground water hydrology, soil science the movement of fluid in porous medium has received significant attention.
The extensive applications of heat and fluid flow through porous media Knowledge is applied in several engineering devices, mechanical,
civil, chemical engineering, recently in bioengineering and bio-technology.

Soundalgekar (1979) established the free convection effects on the flow past a vertical oscillating Plate. Soundalgekar and Akolkar
(1983) presented Effects of free convection currents and mass transfer on the flow past a vertical oscillating Plate.Radiation effects on mixed
convection along a vertical plate with uniform surface temperature studied by Hossain and Takhar (1996). Bakier (2001) examined the
thermal radiation effect on mixed convection from vertical surfaces in saturated porous media. Muthucumaraswamy (2002) investigated the
effects of a chemical reaction on a moving isothermal surface with suction. Saleh et al (2010) analyzed the heat and mass transfer in MHD
visco-elastic fluid flow through a porous medium over a Stretching Sheet with Chemical Reaction. Ahmed et al (2014) presented Radiation
Effects on Heat and Mass Transfer over an Exponentially Accelerated Infinite Vertical Plate with Chemical Reaction. The effect of radiation
on MHD mixed convection flow from a vertical plate embedded in a saturated porous media with melting studied by Mohammed (2015).

I1. Formulation of the problem

Figure.1. Physical configuration and coordinate system
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This chapter decodes the uneven flow accelerated perpendicular plate with a varying temperature with a uniform mass diffusion.
The approximate point of the plate in chosen to be origin of a Cartesian co-ordinates system with the plate is occupied by the side of the x-
axis vertically, the y-axis perpendicular to the plate. At first the plate and fluids remain in a constant temperature TZ. As time increases the

3
velocity of the plate is u' = (u"v ) which is accelerated in its own stature. The level of concentration, temperature raises from the plate

gradually with the time t'. The substantial properties of the fluid are taken in x-direction and hence the physical stature are considered to be
the function of y and time ¢t’.

Then under the usual Boussinesq’s approximation the unsteady flow equations are momentum equation, energy equation, and mass
equation respectively.
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In view if the physics of the problem, following are initial and boundary conditions
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where A= (%)
In order to write the governing equations and the boundary conditions in dimensionless form, the following non-dimensional parameters are
introduced.
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Using the dimensionless quantities (5) in the equations (1), (2) and (3)
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Using the dimensionless quantities (5.5) in the initial and boundary conditions

U=0, 6=0, =0 for all Y, t<o0

U=t, 0=t o=t at- Y=0 t>0

U-0, 6 -0, -0 as Y- oo t>0 9

I11. Method of Solution
The non linear coupled partial differential equations (6), (7) and (8) along with the boundary condition (9) in exact form have been
solved analytically by using usual Laplace transform technique. By taking Laplace transform on both sides of the equations,
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The initial and boundary condition are:
U=0, =0, $=0 forall Y, t<0
_ 1 _ 1 — 1
U:§‘ 9:5—2, (I):S—2 atY=0, t>0
U-0, 0-0, $-0 as Yo oo, t>0 (13)
On solving the equations (10) - (12) with the help of (13) we get
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_ exp (-YVSPr)
5 - (S—j (15)
- exp (- YVS Sc
Here Laplace transforms parameter denoted by S, in equation (5.14), (5.15) and (5.16) applying inverse Laplace transform we get,
2
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1V. Skin Friction
To know about the velocity field at the plate the Skin-Friction is calculated with help of the non dimensional form
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v. Nusselt Number
The non dimensional form of Nusselt Number is given below is to find the rate of heat transfer coefficient of the temperature field.

09
Nu = ‘(W)H

Nu =2 frt 21
u=2 |— D)

V1. Sherwood Number
The rate of mass transfer coefficient can be obtained from the following non dimensional form of Sherwood Number to know the
concentration field.
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VII. Results and Discussions

In the Figure (2) and (3) the effects of heat transfer Grashof humbers (Gr) and mass transfer Grashof numbers (Gc) for velocity is
plotted. At all the points of the flow the Grashof numbers Gr, Gc accelerate the velocity of the flow. The effect of the porous medium
parameter k presented in the figure (4) for the velocity distribution. The increasing values of porous medium parameter the velocity is
raising. When the value of k enlarges the effect of the porous medium K is very smaller. This is possible only the holes of the porous medium
may be ignorable. The effect of time t = 0.2, 0.4, 0.6, 0.8 on the velocity is shown in Figure. (5). It is observes from the figure that the
velocity increases with the increase of time t.

The velocity decreases near the plate and it increases away from the plate with an increase in Prandtl number Pr is shown in figure.
(6). Prandtl number Pr encapsulates the ratio of momentum diffusivity to thermal diffusivity for a given fluid. It is also the product of
dynamic viscosity and specific heat capacity divided by thermal conductivity. Higher Pr fluids will therefore posses higher viscosities and
lower thermal conductivities implying that such fluids will flow slower than lower Pr fluids. Due to raise the Schmidt number (Sc) it is
concluded that velocity reduced is examined in the Figure (7). The thickness of the concentration boundary layer raised for the lower values
of Sc and farther away from the plate the flow region is extend.

The temperature profile with variation of time t and Pr are shows in figure (8) and (9). As time increases the temperature increases
and as Pr increases the temperature decreases. For different values of time and the Schmidt number (Sc) the concentration profiles are plotted
in Figures (10), (11). As time increase the concentration increases. The ratio between the momentum diffusivity and the mass diffusivity is
defined as the Schmidt number Sc. It relates the concentration boundary layer and thickness of the hydrodynamic boundary layer.The
concentration reduced when the Schmidt number raises.

Skin friction is a measure of shearing stress experienced at the solid surface. Figures (12)-(16) exhibit the effects of various
parameters on skin friction. It is clearly shown through graphs that as Pr and Sc increase the skin-friction increases and it is reverse in other
cases.

Nusselt number against time t for various values of parameter Pr = 0.71, 2, 5, 7 is presented in the figure. (17). The smaller values
of Pr are equivalent to increasing thermal conductivities and therefore heat is able to diffuse away from the plate more rapidly than higher
values of Prandtl number. Hence the rate of heat transfer is enhanced. For dissimilar values of the Schmidt number Sc the Sherwood number
is plotted in the figure (18).when the Schmidt number raises the rate of mass transfer coefficient Sherwood number increase.

VII1. Conclusion
The precise investigation in closed form is to study the influence of variable temperature stream past a perpendicular accelerated plate in

permeable medium. Solutions are obtained via Laplace transform procedure. The conclusions of the study are as presented below.

e The Velocity enhances with an increase in Grashof Number (Gr), Modified Grashof Number (Gc), Permeability of Porous medium (k)
and time (t). It shows the reverse effect with an increase in Prandtl Number (Pr) and Schmidt number (Sc).

e The Temperature profile amplifies with an increase of time (t) but reduces with an increase of Prandtl number (Pr).

e The Concentration profile reduces with a raise of Schmidt number (Sc) but amplifies as time increases.

e As Thermal Grashof Number (Gr), Modified Grashof Number (Gc) and Permeability parameter (k) enlarges the coefficient Skin-friction
decreases but the prandtil number and Schmidt number reduces the skin- friction.

e The local Nusselt Number and local Sherwood Number coefficient enhances with a raise of Prandtl Number (Pr) and Schmidt number
(Sc).
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Fig. 2: Velocity profiles for different values of Gr

Fig.4: Velocity profiles for different values of k
Gc=5k=1t=0.2,Pr=0.71,5¢=0.6
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Fig.5: Velocity profiles for different values of t
Gr=5Gc=5k=1Pr=0.71,5c=0.6

Fig. 3: Velocity profiles for different values of Gc
Gr=5k=1t=0.2,Pr=0.71,5¢=0.6
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o
y 05 10 15
20

Fig. 6: Velocity profiles for different values of Pr Fig. 7: Velocity profiles for different values of Sc
Gr=5Gc=5k=1t=0.2,Sc=0.6 Gr=5Gc=5k=1,t=0.2,Pr=0.71
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Fig. 8: Temperature profiles for different values of ¢
Pr=0.71
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Fig. 9: Temperature profiles for different values of Pr
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Fig. 10: Concentration profiles for different values of t
Sc=0.6
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Fig. 11: Concentration profiles for different values of Sc
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Fig. 14: Skin — friction for different values of k
Gr=5Gc=5Pr=0.71,5¢c=0.6
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Fig. 12: Skin — friction for different values of Gr
Gc=5k=1Pr=0.71,Sc=0.6

Ge = -15, -10, 2, 5

Fig. 13: SKkin — friction for different values of Gc
Gr=5k=1,Pr=0.71,Sc¢=0.6

Pr=1071,2 57

Fig.15: Skin — friction for different values of Pr
Gr=5,Gc=5k=1,5¢c=0.6
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Fig. 17: Effect fo Prandtl number on Nusselt number

Fig. 16: Skin — friction for different values of Sc
Gr=5,G6Gc=5k=1,Pr=0.71
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Fig. 18: Effect of schmidt number on Sherwood number

REFERENCES

[1]
[2]
(3]
(4]
[8]
[6]
[7]
(8]
[9]
[10]
[11]
[12]
[13]

[14]

[18]

Gupta.A.S, [.Soudalgekar.V.M “Free convection effects on the flow past an Accelerated vertical plate in an incompressible
dissipative fluid”. Rev, Roum Sci Techn-mec- Apl 24, pp 561-568, (1979).
Soudalgekar.V.M and Patel M.R “On flow past a vertical Oscillating plate with variable temperature”. Journal of Heat and
Mass Transfer (4) pp 143-148, (1980).
Singh.A K and Singh.J ”Mass Transfer Effects on the Flow past an Accelerated vertical plate with constant Heat flux”
Astrophysics and Space Science. 97, pp 57 — 61, (1983).
Muthucumaraswamy.R and Vijayalakshmi.A “Effect of Heat and Mass Transfer on Flow past, an Oscillating vertical plate
with variable temperature” Int.J.of. Appl Math and Mech 4(1) pp 59-65, (2008).
Basant kumar Jha. Ravindra Prasad “Free convection and Mass Transfer Effects on the Flow past an Accelerated vertical
plate with Heat Source”. Mechanics Research Communication 17, pp 143-148, (1990).
Muthucumaraswamy.R Sundar Raj .M and Subramanian USA “Unsteady flow past an Accelerated Infinite vertical plate with
variable temperature and uniform Mass Diffusion”. Int. J. of Appl. Math and Mech 5(6), pp 51-56, (2009).
Chaudhary.R.C and Jain.A ”Combined Heat and Mass Transfer Effect on MHD free convection Flow past an Oscillating
plate embedded in porous medium”. Rom.J. of phy 52,pp 505-524 , (2007).
R.Muthucumaraswamy and G.Senthil kumar “Heat and mass transfer effects on moving vertical plate in the presence of
Thermal Radiation”. Theoretical Applied Mechanics vol:31,pp 35-46 (2004).
Muthucumaraswamy.R.Sathappan K.E and Natarajan.R “Diffusion and Heat Transfer Effects on exponentially Accelerated
vertical plate with variable temperature”. Theoretical Applied Mechanics vol 14(1) pp 73-77, (2010).
Bala Siddulu Malga and Naikoti kishan “Viscous dissipation Effects on unsteady free convection and Mass Transfer Flow
past an Accelerated vertical porous plate with suction”. Advances in Applied Science Research 2(6): pp 460-469, (2011).
Sahin Ahmed, Abdul Batin ” Convective laminar Radiating Flow over an Accelerated vertical plate Embedded in a porous
medium with an External Magnetic Field” Int.J.of Eng & Tech vol:3 No:1 ,pp 57-63, Jan (2013)
Saraswat Amit and Srivastava.R.K “Heat and mass transfer effects on flow past an Oscillating Infinite vertical plate with
variable Temperature through porous Media ” Res. J Recent.Sci vol 2 (ISC-2012) , pp 316-321, (2013).
Jain.M.K, Iyengar.S.R.K Jain R.K ”Computational method for partial Differential equation”. Wiles Eastern Limited (1994).
Muthucumaraswamy.R and Valliamma.V “MHD flow past an exponentially Accelerated vertical plate with variable
temperature and Mass Diffusion in the presence of Chemical Reaction” Annals of Faculty Engineering Hunedoana-
International Journal of Engineering 1, pp 151-154, (2012).
D.Chenna Kesavaiah and P.V.Satyanarayana “Effects of Radiation Chemical Rreaction and Soret on unsteady Flow past an
Accelerated Isothermal Infinite Vertical plate”. Int. J. of. Tech and Res .Adv (5) pp 136-145, (2013).

JETIR1804139 | Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org 694


http://www.jetir.org/

