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-------------------------------------------------------- ABSTRACT
The effects of heat and mass transfer on unsteady free convective oscillatory flow of an optically thin fluid past
a porous plate in presence of radiation have been investigated. The flow is characterized by the second-order
fluid model. Analytical solutions for velocity, temperature and concentration of the governing equations of fluid
flow are obtained by using perturbation technique. Also, the coefficients of skin friction, rate of heat transfer
and rate of mass transfer at the plate are calculated. The profiles of velocity and skin friction are presented
through graphs for various values of physical parameters to discuss the effects of the visco-elastic parameter
involved in the solution.
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l. INTRUDUCTION

Heat and mass transfer on unsteady flow past a porous plate in presence of radiation has gained interest
owing to its applications in the fields of plasma physics, geophysics, geohydrology, environmental engineering
etc. Some examples of such areas are gas turbines, various propulsion devices for aircrafts, missiles, satellites,
space vehicles etc. Because of wide applications of such flows, numerous scholars have paid their attention in
this field. Seddeek et al. [1] have studied the effects of thermal diffusivity on heat transfer over a stretching
surface with variable heat flux in the presence of radiation. The effect of radiation on free convective flow of
fluid has been investigated by Hossain et al. [2, 3] and Raptis et al. [4]. Raptis [5], Badruddin et al. [6] and
Mukhopadhyay et al. [7] have considered the flow through a porous medium in presence of radiation. The MHD
flow adjacent to a non-isothermal wedge in the presence of heat source or sink has been analyzed by Chamkha
et al. [8] and Duwairi [9]. England et al. [10] have studied the thermal radiation effects of an optically thin gray
gas bounded by a stationary vertical plate. Bestman et al. [11] have investigated the hydromagnetic free
convection flow with radiation and heat transfer in a rotating and optically thin fluid. The effect of radiation in
an optically thin fluid past a vertical plate (when the induced magnetic field is taken into account) has been
studied by Raptis et al. [12]. The unsteady flow of an optically thin fluid in the presence of convection and mass
transfer has been investigated by Raptis et al. [13]. The free convection one dimensional flow with radiation and
heat transfer for an optically thin fluid past a vertical oscillating plate in the presence of chemical reaction has
been studied by Manivannan et al. [14]. Vijayalakshmi [15] has investigated the effects of radiation on free
convection flow past an impulsively started vertical plate in a rotating fluid. For an optically thin fluid the two-
dimensional free convective oscillatory flow and mass transfer past a porous plate in presence of radiation has
been investigated by Raptis [16].

In view of the above, the unsteady free convective flow of a visco-elastic fluid past an infinite vertical
porous plate in the presence of radiation has been considered in this paper. The constitutive equation for second-
order fluid [Coleman & Nolll (1960)] is

Ty =P+ A

+ u,A + LA A (1.1)

(1)ij (2)ij @ik © (1) ki

wherer  are the stress tensor, p the hydrostatic pressure, A are kinematic Rivlin-Erickson
tensors; u,, 1, , 1, are material constants describing viscosity, elasticity and cross-viscosity where

u, < 0from thermodynamic consideration [Coleman and Markovitz (1964)]. Equation (1.1) is valid for low
rates of shear.
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1. MATHEMATICAL FORMULATION
We consider the unsteady two-dimensional flow past an infinite vertical porous plate through which

suction occurs with constant velocity. Let x-axis be taken along the direction of the plate and ¥-axis be normal
to it. All the fluid properties are considered constant except that the influence of density variations with
temperature and concentration. The radiation to the x-direction is considered negligible as compared to the ¥-

direction. The governing equations of flow are

Equation of Continuity:

ov
Ny (2.2)
oy
i.e. v =-v, (v,>0) (2.2)
Equation of motion:
ou ou du - = - — =
— -V, —=—+¢9gp(T -T_)+gp(C -C )
ot oy dt
. , _ , (2.3)
o'u [ 0 (8u) 0 u]
+v +v —) -V
Yoyt eyt et *oy?
Equation of energy:
oT  oT o°T 16doT,] — —
s (T -T) (2.4)
ot oy pC , 0y pC o
Equation of concentration:
ac oC o°C
_—— VO —_ = - (2'5)
ot oy oy
subject to boundary conditions
F=0:u=07=-2=-50=(,
) 37 " g
Fo o= T=Uy(l + 200, T=T..0=C, (2.6)

Here & and & are components of the velocity in the directions of i and #-axis, £ is the time, {7 is the free stream
velocity, g is the acceleration due to gravity, 5. 5 are the coefficients of volume expansion for heat and mass
transfer, T and £ are the fluid temperature and concentration, vi, v, are the kinematic coefficients of viscosity

and elasticity, p is the density of the fluid, C, is the specific heat at constant pressure, k is the thermal
conductivity, d is the absorption coefficient, & is the Stefan-Boltzman constant, T..is the fluid temperature far
away from the plate, £,.and .. are the molar concentration at the plate and far away from the plate, D is the
chemical diffusivity, g is the radiative heat flux, L/;is the mean free stream velocity, & is the frequency of
vibration of the fluid and v, is the constant suction velocity.

Let us introduce the following non-dimensional quantities

¥y tvg _ i C _':'.-:

0 =~ (2.7)

Introducing the non-dimensional quantities (2.7), the equations (2.3) to (2.5) reduce to
2

10u odu 1 du o’u

———=——""+GT+GC+—

4 0t o0y 4 dt oy

, . (2.8)
1 0 ou ou

+a[——(—) - —]
4 oy~ ot oy

www.theijes.com The IJES Page 52



Free Convective Oscillatory Flow Of...

10T oT o'T

()= — T (2.9)
4 ot oy oy
1oCc oCc_ a°C
S (——-—) = —, (2.10)
4 ot oy oy
subject to boundary condltlons
y=0:u=0, ———1r:=1
y—omu—=UE =1+, T =00 (2.11)
where G, = {“ i;’ is the Grashof number for heat transfer, G, = t_* is the Grashof number for mass
transfer, & = - - ”';E”i is the radiation parameter, 5, = ;‘ is the Schmidt
number and & = == is the visco-elastic parameter.
1
1. METHOD OF SOLUTION

To solve the equations (2.8) to (2.10) subject to boundary conditions (2.11), we assume the solutions for

g, % ¢ < 1 as follows

iot

u(y,t)y =u,(y)+e.u,(y)e
T(y.t) =Ty (y)+e,T,(y)e™
C(y,1) = Co(y) +2,C,(y)e” (3.1)

Substituting (3.1) into equations (2.8) to (2.10) and equating the harmonic and non-harmonic terms, we get

aul-ul-u;, =G T +G C, (3.2)
(%) iw
au"— (1+a—)u -u/ - —u,
4 4 3.3)
iw
=-GT,-GC,-—
4
TO"+ PrTO’ = ST, (3.4
iw
T+ P T /- —PT, =-ST, (3.5)
4
C/+S.C.=0 (3.6)
(¥7)
C/+8.C/-—S.C,=0
4 (3.7
where the primes denote the differentiation with respect to y.
The corresponding boundary conditions are
y=0Ouy =0 =02=-18=0=1.¢=0
y—wmuy=tlu, =1 T,=0=T,.0,=0=C, (3.8)
Substituting the solutions of equations (3.2) to (3.7) under the boundary conditions (3.8), we obtain
1
T(y,t)=—e ™ (3.9
1
C(y,t)y=¢e >’ (3.10)
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1
where a, = —[P, + 4/P,” + 45 ]
2
and
wlv il =1+ A, g7 ¥ __LE,—:LV _ L -5y
R - a;(a; — 1) 5.05.—-1)
L _'j_l-_:l_.". - ‘_Iji l-_:l_:i.". L L l-_:l_:i.". L ig_s:.r
o a; — a, {a, — 12 (5. — 137
. . —i’_:'u' |'..1 ﬁ.;': h! 1 ity
+ eleoswt +isinwt) |1 —e 327 7 —::-I———| yve =2
V4 18741+ @t
(3.11)
where 4, =— +———1land 4, = ——+ -+
oaifgg-1) 0 551 < gl-ay lgy-10? 0 512

Separating real and imaginary parts and taking only the real part, we obtain the velocity field for ot = = in the
form

- N . v '5:' —ga '-C: —5
uly,t) =1+ 4,¢e™ —m? 1- —mf—' =
La [_-,_Q—J' __ a5t L _ O o5t L ;cfg—i;}'
o al — o, {a, —1)* (5, —1)2
. [1_ T b ‘”_| L
- . \4 16/ 1+a2°

IV.  SKIN FRICTION, RATE OF HEAT AND MASS TRANSFER
The non-dimensional skin friction at the plate (y=0) is given by

z, =[ul(0) - aul(0)]
_ 4.1)
+ee' " [(1 - @iw)u(0) - au!(0)]

The dimensionless heat transfer co-efficient at the plate is given by

oT
) >
oy yoo

Similarly, the mass transfer co-efficient S at the plate is given by
oC
o] s,
oy yoo

V. RESULTS AND DISCUSSION
The aim of the problem is to bring out the effects of the visco-elastic parameter on the flow
characteristics. The visco-elastic effect is exhibited through the non-dimensional parameter . The
corresponding results for Newtonian fluid can be deduced from the above results by settinge = 0 Figures 1 to

3 illustrate the variations of wvelocity profile against y for various values of visco-elastic parameter
(e =0,—-0.25 —0.4%along with various values of Prandtl number (P,), Grashof number for heat transfer (G,),
Grashof number for mass transfer (G.), radiation parameter (S), Schmidt number (S.) and some fixed values
®=0.1, £=0.02 and wt=n. It is noticed from the figures that the velocity of the fluid enhances at each point of the
flow field in both Newtonian and non-Newtonian cases. Again, the velocity profile accelerates with the increase
of the absolute values of visco-elastic parameter in comparison with that of Newtonian fluid flow phenomenon.
Also, it is seen that the velocity increases during the rising behaviour of the Grashof number for mass transfer

4.3)
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(Fig. 1 and Fig. 2) but reverse behaviour is observed in case of Schmidt number (Fig. 1 and Fig. 3) in both
Newtonian and non-Newtonian cases.The variations of shearing stress at the plate (y=0) against various values
of flow parameters are presented in figures 4, 5 and 6. The figures reveal that the shearing stress at the plate
decreases due to the increase of the absolute values of visco-elastic parameter along with the increase of the
Prandtl number (Fig. 4), Grashof number for heat transfer (Fig. 5) and frequency of oscillation (Fig. 6).

The temperature and concentration fields are not significantly affected by visco-elastic parameter.

VI. CONCLUSION

The problem of unsteady two-dimensional free convective flow past an infinite vertical porous plate is
studied analytically. The results of investigation may be summarized in the following conclusions:

e The velocity distribution accelerates and then decelerates in both Newtonian and non-Newtonian cases.

e Therising trend of the absolute values of the visco-elastic parameter depicts the increase of velocity profile
in comparison to that of Newtonian fluid.

e The growth of the absolute values of the visco-elastic parameter diminishes the nature of the skin friction at
each point of the fluid region with the increase of the Prandtl number, Grashof number for heat transfer and
frequency of oscillation respectively.

e The temperature and the concentration fields are unaffected due to the variation of visco-elastic parameter.
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Fig. 1 Variation of velocity u against y for
Pr=5, G=5, G:=2, S;=0.22, S=0.2, ®=0.1, £=0.02
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Fig. 2 Variation of velocity u against y for
Pr=5, G,=5, G.=4, S;=0.22, S=0.2, » =0.1, £=0.02
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Fig. 3  Variation of velocity u against y for
Pr=5, G,=5, G¢=2, S5;=0.44, S=0.2, ® =0.1, €=0.02
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Fig. 4 Variation of skin friction t,, against P, for
G=5, G.=2, S:=0.44, S=0.2, » =0.1, £=0.02
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Fig.5 Variation of skin friction t,, against G, for
P=5, G:=2, S;=0.44, S=0.2, ® =0.1, £=0.02
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Fig. 6  Variation of skin friction t,, against o for
P=5, G, =5, G=2, S;=0.44, S=0.2, £=0.02
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