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ABSTRACT

The unsteady free convection and mass transfer boundary layer flow past an accelerated infinite
vertical porous plate with suction by taking into account the viscous dissipation is considered
when the plate accelerates in its own plane. The governing equations wer e solved numerically by
using Galerkin Finite element method. The flow phenomenon has been characterized with the
help of flow parameters such as suction parameter (a), porosity parameter (), Grashof number
(Gr, Gc), Schmidt number (Sc) and Prandtl number (Pr), Eckert number (Ec). The effects of
these parameters on the velocity field, temperature field and concentration distribution have
been studied and the results are presented graphically and discussed quantitatively.

Keywords. Free convection, mass transfer, porosity, suctiascous dissipation, unsteady,
finite element method.

INTRODUCTON

Free convection flow is often encountered in caplof nuclear reactors or in the study of
structure of stars and planets. Along with the fteavection flow the phenomenon of mass
transfer is also very common in the theories offastestructure. The study of convective flow
with mass transfer along a vertical porous plateeieiving considerable attention of many
researchers because of its varied applicationkdrfield of cosmical and geophysical sciences.
Permeable porous plates are used in the filtrgtfonesses and also for a heated body to keep its
temperature constant and to make the heat insolafithe surface more effective. The study of
stellar structure on the solar surface is conneutgdl mass transfer phenomena. Its origin is
attributed to difference in temperature causechynton homogeneous production of heat, which
in many cases can rest not only in the formatiorcarfvective currents but also in violent
explosions. Mass transfer certainly occurs withie thantle and cores of planets of the size of or
larger than the earth. It is therefore interestimgnvestigate this phenomenon and to study in
particular, the case of mass transfer on the foegeaxction flow.
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Several workers have studied the problem of freavedion flow with mass transfer.
Guptaet al [1] have studied Heat and mass transfer on abingt sheet with suction or blowing.
Raptiset al [2] have analyzed Free Convection and Mass Trafé$bsv through Porous Medium
bounded by an infinite Vertical limiting SurfacettviConstant Suction. Sattar [3] has discussed
the free convection and mass transfer flow throaghorous medium past an infinite vertical
porous plate with time dependent temperature amndcerdration. Singhet al [4] have
investigated Free Convection Heat and Mass Traraferg a Vertical Surface in a Porous
Medium. Daset al [5] have studied Numerical Solution of Mass Trandtffects on Unsteady
Flow past an Accelerated Vertical Porous Plate Bitiction. Dast al [6] have discussed Mass
Transfer effects on MHD Flow and Heat Transfer RaMertical Porous Plate through Porous
Medium Under Oscillatory Suction and Heat Soureeall the investigations mentioned above,
viscous dissipation is neglected. Such effectsimortant in geophysical flows and also in
certain industrial operations and are usually attarzed by the Eckret number.
Gebhart Bet al [7] have analyzed Viscous dissipation in extemalural convection flows.
Soundalgekar [8] has studied Viscous dissipatifeces on unsteady free convective flow past a
vertical porous plate with constant suction. Vaglav{9] has studied the natural convection at a
heated semi-infinite vertical plate with intern&lah generation. Pop and Soundalgekar [10] have
investigated the free convection flow past an are¢dd infinite plate. Singh [11] has analyzed
the MHD free convective flow past an acceleratedica porous plate by finite difference
method. Raptist al. [12] have studied the unsteady free convective ftavough a porous
medium adjacent to a semi-infinite vertical platgng finite difference scheme. Singh and
Soundalgekar [13] have investigated the problenrasfsient free convection in cold water past
an infinite vertical porous plate. Jha [14] hasorépd the effects of applied magnetic field on
transient convective flow in a vertical channela@tiranet al. [15] have discussed the unsteady
free convection flow with heat flux and acceleratedtion. Soundalgekaet al. [16] have
analyzed the transient free convection flow of sceus dissipative fluid past a semi-infinite
vertical plate. Kim [17] has investigated the peyhlof unsteady MHD convective heat transfer
past a semi-infinite vertical porous moving platéhwariable suction. Postelniehal [18] have
discussed Free convection boundary-layer over #icakrpermeable flat plate in a porous
medium with internal heat generation. Israel-Cookegl. [19] have studied the influence of
viscous dissipation and radiation on unsteady M2 fconvection flow past an infinite heated
vertical plate in a porous medium with time dependsuction. Mohamedat al [20] have
analyzed Finite element analysis of hydromagnéti fand heat transfer of a heat generation
fluid over a surface embedded in a non-Darcian yg@nmmedium in the presence of chemical
reaction.

Recently, Dast al [5] have studied Numerical Solution of Mass Trandtffects on Unsteady
Flow past an Accelerated Vertical Porous Plate \Bitiction. The present study is extension of
work; here we considered the effects of viscousipiion on unsteady free convection and
mass transfer boundary layer flow past an accel@ratfinite vertical porous flat plate with
suction. In their paper they converted the goveyrequations which are in partial differential
equations to ordinary differential equations byaduicing similarity variables and then solved
the governing equations by finite difference schemehe study we have solved the governing
partial differential equations only by using thel&kin finite element method. The effects of the
flow parameters on the velocity, temperature amdctincentration distribution of the flow field
have been studied with the help of graphs. Thig typproblem has some significant relevance
to geophysical and astrophysical studies.
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Mathematical Formulation

Consider the unsteady flow of an incompressibleous fluid past an accelerating vertical
porous plate. Let the-axis be directed upward along the plate and thgig-normal to the plate.
Let u andv be the velocity components along theandy- axes respectively. Let us assume that
the plate is accelerating with a velocity Ut in its own plane at time> 0. Then the unsteady
boundary layer equations in the Boussinesq’s apmrabion, together with Brinkman's empirical
modification of Darcy's law, are

v’

= 0 1)
Wy I Y 4 gB(T—T,) +gB(C —C,) )
at’ ay/ =V ay;'Z Kk* u gﬁ ['e] ng 0

aT , 0T 82T | v [au"\?

6_t’+V 6_y’_k6y'2+C_p(6_y’) 3)
ac’ ,0c" _  92%C

VI =D (4)

wherek is the thermal diffusivityy is the kinematic viscositys* is the permeability coefficient,
B is the volumetric expansion coefficient for heaansfer,* is the volumetric expansion
coefficient for mass transfep, is the densityg is the acceleration due to gravity,is the
temperatureT,, is the temperature of the fluid far away from thatg C is the concentration,
C » is the concentration far away from the plate Bnd the molecular diffusivity.

The necessary boundary conditions are

u =Uyt, T=T, C'=C, aty=0

u'=0,T=Too,C'=Cooasy—>oo }fort>0 (5)

We introduce the similarity variables and dimenkesa quantities

t'u2 y'u @, v',wh (T—Too)
t= vo,y= vo,(u,V,W)=U—O,9=m, )
I_ 2
= M, P = Y Prandtl number, Ec = - Eckert number

(Cw—Ce0) k Cp(Tw—Teo)

v . _ w2 .
Sc= > Schmidth number, a = xS Porosity parameter, \ (6)
G, = % , Modified Grashof number for heat transfer
0
G, = w , Modified Grashof number for mass transfer

0

Following Singh and Soundalgekar [13], we choose

1/2
/= a() g
where a> 0, the suction parameter, using equations (6) @&hde@uations (1), (2), (3) and (4)
become

3—;’ =0 @)

o V%z%—au+6r9+GcC 8)

v () 0

CrvE=L af’yzf (10)
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and the boundary conditions (equation (5)) in the-dimensional form are
u=10=1 C=1aty=0
u=0,0=0 C=0aty—> o fort>0 (12)

Method of solution

In order to investigate the numerical solution lué problem. The governing equations (8), (9)
and (10) are coupled with boundary conditions (#)e numerical values of the dependent
variables like velocity u, temperatuseand concentration C are obtained at the interggtoints
which are called degrees of freedom. The weak f@atimns of the non-dimensional governing
equations are derived. The set of independentftegttions to consist of the velocity, the
temperature and the concentration are prescribkd. gbverning equations are multiplied by
independent weighting functions and then are imtegk over the spatial domain with the
boundary. Applying integration by parts and makusg of the divergence theorem reduce the
order of the spatial derivatives and allows for #pplication of the boundary conditions. The
same shape functions are defined piecewise onlé¢heeats. Using the Galerkin procedure, the
unknown field’s u and C and the corresponding weighting functiomsagproximated by the
same shape functions. The last step towards tlie #hement discretization is to choose the
element type and the associated shape functions.

By applying the Galerkin finite element method éguation (8) over a typical two-noded linear
elementle) (y; <y <yx) is

Vi jT [0 _0u _ ,0u
fyj N [ay ot Vay au + G- + GCC] dy 13)
(e) (e) (e)
L5y = N7 (-V o5, — %5 — au® + R )| dy =0 4
]

where R=(G€+GC) N = [N;, Ni], ¢(e)_uk]

Y=Y y=Yj
ul® =N.9g®, N, =252, Ny ==, 1@ =y, ~y;=h

The element equation given by

N'Nk [ N]N]' N; Ny, [uj]d N N;N; NNk][ ]d N
f NkN N, N, NkN-’ NN, | L] NkN NNy y
N;N; N;N, f
NkN Nka“ [ k] dy =0 (15)
fyy,"(s@ +A© + R) dy =0 (16)
where §(©) = N Vi [ i Nl [ ’] +a [Nij Nij] uj]
NkN Nka NkN Nka Nklvj Nka uk
o S el
~ [NgN; NNy an Ny

Here the prime and dot denote differentiation wébpect to y and t. we obtain
1(e

i V- .
@ = 1((e))[ 1 1] ]+2 1 1”uk] “?E ;HIIZ]
1€

A©) = — ][ ] adR*—R—[l]
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We write the element equation for the elements <y <y; and y; <y < y;;;. Assembling
these element equations we get

1 ul 1 1 0 ul 1 ul 1
@ |~ —1 0 1 +oc—
uL+1 -1 1 uL+1 ul+1
2 1 ul+1
(e (e)
‘7[1 4 1” R‘— ] (17)
0o 1 2 ul+1 1

Now put row corresponding to the node i to zeront equation (21) the difference schemes
with 1) =h is

h,. . . h 14 1 2 h h 1% 1 %
g(ui_l +4ul- +ui+1) + (ag+5—ﬁ)ui_1 + (E—Zag)ui + (ag—z—z)ui_l_l =R (18)
1
2]
1

Using the Cranck-Nicolson method to the equatlca}) (e obtain:

1@
here R* = R—

AT+ AT At = Al Agu! + Agul, R (19)
Similarly, the equations (9), (10) are becomindadlsws:

B,6/*! + B,6/*" + B,0/ ! += 3491 + 3591 + Béevlg1 + R (20)
Coclt 4+ Coe] ™ + Gl + Cucl 4+ Csel + Cocl, =0 (21)

The initial and boundary conditions (5) reduce to
u(i,0) =0,6(i,0) =0,C(i,0) =0 foralli
u(0,j) =1,=0,6(0,j) =1,€(0,j) =1 } . (22)
(100, 1) = 0, 8(100,/) = 0,C(100,j) = 0 77 L
Ay =0—-6r+3pV+ka) A, = (4+ 12r + 4ka),A; = (1 — 6r — 3pV + ka),
Ay, =1 +6r—3pV —ka), As = (4 —12r — 4ka),Ag = (1 + 61 + 3pV — ka),

By =(1- 6rl+ 3pV), B, = (4+ 12rl) By=(1- 6rplr— 3pV),

B, (1+6r——3pV) 4—12rplr),B6=(1+6rPlr+3pV),

1 1
( ) C, = (4+12r5—6) C3=(1—6r5—6—3pV),
1 1
C=(1+ 6r—— 3pV), Cs = (4 - 12r5—c) Co=(1+ 6r -+ 3pV),
% du 2
R* = Ec (@) ,
Herer = % where k, h is mesh sizes along y direction amz tdirection respectively. Index i
refers to space and j refers to time. The mestesysbnsists of h=0.5 for velocity profiles and
concentration profiles and k=0.25 has been constlésr computations. In equation (19)-(21),

taking i=1(1) n and using initial and boundary citiods (5), the following system of equation
are obtained.

Gy

1 —6r—+3pV

Ai Xl' = Bi ) i = 1,2,3 (23)

Where A;’s are matrices of order n ankl; and B;’ s are column matrices having n-components.
The solution of above system of equations are pbthusing Thomas algorithm for velocity,
temperature and concentration. Also, numericaltsmia for these equations are obtained by Mat
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lab-program. In order to prove the convergencesahbility of Galerkin finite element method,

the same Mat lab-program was run with slightly gexhvalues of h and k and no significant
change was observed in the values, @, C. Hence, the Galerkin finite element method is gtabl
and convergent.

RESULTSAND DISCUSSION

The velocity, temperature and concentration prefilave been computed by using the Galerkin
finite element method. The numerical calculations earried out for the effect of the flow
parameters such as Suction parameter (a), Pramdther (Pr), Schmidth number (Sc), Modified
Grashof number for heat transfer (Gr), Modified €bxaf number for mass transfer (Gc),
Porosity paramete(a), Eckert number(Ec) on the velocity, temperature and concentration
distribution of the flow fields are presented gnaphy in figure 1-6.

1. Effect of suction parameter (a):- Figure 1(a) shows the velocity profiles again&ryseveral
values of the suction parameter (a). The suctioamater is found to retard the velocity of the
flow field at all points. The reduction in velocigt any point of the flow field is more as the
suction parameter becomes larger.

Figure 5(a) depicts the temperature profiles fdfedent values of suction parameter (a). The
temperature profiles decreases with the increaseiction parameter (a). It is also noticed that
from figure 6(c) concentration profiles also dese=awith the increase of suction paramedgr (
One interesting inference of this finding is movetson leads to a faster decrease in the velocity,
temperature and concentration profiles.

2. Effect of porosity parameter (a):- Figure 1(b) depicts the effect of porosity paraméte
on the velocity of the flow field. The porosity paneter is to decelerate the velocity of the flow
field at all points.

3. Effect of Grashof numbersfor heat and masstransfer (Gr, Gc):- Figure 1(c)it can be seen
that the velocity of the flow field is increase kithe increase of Grashof numbers for heat
transfer Gr) and mass transfe€) along with Eckert number (Ec).

4. Effect of Schmidt number (Sc):- The nature of velocity profiles in presence of fgnepecies
such asH, (S = 0.22),€0, (S = 0.30) andNH; (Sc = 0.78) is shown in figure 1(d). The
velocity profiles decreases with the increase dfinidt number (Sc). The concentration profiles
decrease with the increase of Schmidt number (8unys in fig 6(a).

5. Effect of Prandtl number (Pr):-The effect of Prandtl numbeP() figure 5(c). It is observed
from the figure that the temperature of the floeldi decreases in magnitude as Prandtl number
(Pr) increases.

6. Eckert number (Ec): - The effect of Eckert numbé€Ec) on the velocity profiles are shown
in figure 2, 3, 4 for different values of Suctioarpmeter (a), Prandtl number (Pr), Schmidth
number (Sc), Modified Grashof number for heat tr@ang$Gr), Modified Grashof number for
mass transfer (Gc), Porosity parametey. (The effect of Eckert numbéEc) is to increases the
velocity flow filed is observed from the figures ik cleared from the figures the Eckert
number(Ec) effect is negligible for larger values of suctiparameter (a) or for the larger
suction parameter (a=2). It is also noticed thattdmperature profiles are shown in figure 5, for
different values of Ec. It is evident from thatesff Eckert numbe(Ec) is to lead to increase the
temperature of the flow field at all the points.
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Fig.1 (a): Velocity profiles for different value$ @ with 0=1,Gr=1,Gc=1, Fig.1(b): Velocity profiles fdifferent values oé with
Pr=0.71, Sc=0.22,. t=0.5 a=0.1,Gr=1, Gdr+0.71, Sc=0.22, t=0.5
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Fig.1 (c): Velocity profiles for different value$ Gr and Gc with a=1, Fig.1 (d): Velocity profiles for differenalues ofSc with
a=0.1, Pr=0.71, Sc=0.22. t=0.5 a=1, a=0.1, Gr=1, Gc=1, Pr=0.71, t=0.5
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Fig 2(a): Velocity profiles for different values Bt with a=0.1, Fig 2(b): Velocity profiles foifterent values ofc with a=2.0,
Pr=0.71, Sc=0.22, Gr=1.0, Gc=1d%1. t=0.5 Pr=0.71, Sc=0.22, Gr=1.0, Gc=13:1, t=0.5
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Fig 3(a): Velocity profiles for different value$ Bc with a=0.1, Fig 3(b): Velocity profiles forftérent values oEc with a=-1,
t=0.5, a=0.1 Pr=0.71, Sc=0@e51.0, Gc= 1. a=@1Pr=0.71, Sc=0.22, Gr=1.0, Gc=1.0, t=0.5
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Fig 4(a): Velocity profiles tor aifferent values Bt , Gr & Gc Fig 4(b): Velocity profiles for aimerent values dfc, & a, t,

with o=1, Pr=0.71,Sc=0.22, a=0.1, t=0.5 with=Ar& Ge=1, Pr=0.71, Sc=0.22, a=0.1.
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Fig.5 (a): Temparature profiles for different vadugfa with Pr=0.71. Fig.5 (b): Temparature profiles different values ofPr with a=0.1,
t=0.5 t=0.5

467
Pelagia Research Library



Bala Siddulu Malga et al

Adv. Appl. Sci. Res., 2011, 2(6):460-469

1 1
SNot Pr
0.8 —\\ . 1 05 071 0.8 -
2 05 10 -
06 \\ 3 3 10 10 06 | Ec=0,0.1,0.2,0.3
4 1C 20
9 \
04 - \ J.4 A
2
0.2 - 1 0.2 -
O T T T I I O T T T T I
0O 05 1 15 2 25 3 35 0 0.5 1 15 2 2.5 3
y y
Fig 5(c): Temperature profiles for different val@$r & t Fig 5(d): Temperature profiles for differentwes of Ec with
with a=0.1. Pr=2.0, a=0.1, t=0.5.
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Fig 5(e): Temperature profiles for differentwes ofEc & t with Fig.6 (a): Concentration profiles foffdrent values of Sc
a=0.1, Pr=0.71. with a=0.1,t=0.5.
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Fig 6(b): Concentration profiles for different vakiofSc & t with Fig.6 (c): Concentration pre8lfor different values @f with

a=0.1, t=0.5 Sc=0.22, t=0.5.

468
Pelagia Research Library



Bala Siddulu Malga et al Adv. Appl. Sci. Res., 2011, 2(6):460-469

CONCLUSION

The above study brings out the following inferenadsphysical interest on the velocity,
temperature and concentration distribution of ther fiields.

» The greater suction leads to reduction in the wglptemperature and concentration of the
flow fields.

» The porosity parametera) retards the velocity of the flow field at all pts. The
concentration profiles decreases with the incredSchmidth number (Sc).

» The effect of Prandtl numbelPx) is to reduce the temperature flow field at alinps.

» The Grashof number for heat transfér) and mass transfer (saccelerate the velocity of
the flow field at all points. But the increase ialacity of the flow field is more significant in
presence of mass transfer.

» The effect of Eckert number (Ec) is to increasevblecity flow field. The effect of Eckert
number (Ec) is negligible when there is a greatetisn. The effect of Eckert number (Ec) is
increase the temperature profiles greatly.

» The velocity profiles increases with the increasetime t, the temperature profiles and
concentration profiles are also increases withrtheease in the time t.
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