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Heat and Mass Transfer Over a Vertical Plate with Periodic Suction and Heat Sink

K.K. Asogwa, 1.J. Uwanta, A.A. Momoh and E. Omokhuale
Department of Mathematics, Usmanu Danfodiyo University, PM B 2346, Sokoto, Nigeria

Abstract: The aim of this study is to determine heat and mass transfer over a vertical plate in the presence of
periodic suction and heat sink. The dimensionless governing equations are solved using perturbation technique. The
velocity, temperature and concentration profiles are studied for different physical parameters like Suction parameter
s, Heat sink F, thermal Grashof number Gr, mass Grashof number Gc, chemical reaction parameter K, Prandtl
number Pr and Schmidt number Sc. It is observed that the velocity increases with increase in F and s. It is also
observed that temperature increases with increasing F, Pr but s decreases with rise in temperature. While
concentration increases with increasing Sc and K. the aim of the study is to determine the rate of heat and mass

transfer of the system.
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INTRODUCTION

The study of heat and mass transfer has been the
object of extensive research due to its possible
applications in many branches of Science and
technology like geophysics, aeronautics, engineering
and human medicine etc. In view of these applications,
a series of investigations were made to study heat and
mass transfer. Gersten and Gross (1974) analysed the
flow and heat transfer along a plane wall with periodic
suction.

Singh and Rana (1992) studied the effect of
periodic suction velocity on the heat transfer and the
flow through highly porous medium bounded by a flat
surface at constant temperature. The study of heat
transfer in mercury and electrolytic solution past an
infinite porous plate with constant solution in presence
of transverse magnetic field and heat sink were
presented by Sahoo et al. (2003). Singh and Takhar
(2007) have investigated the effectsof heat and mass
transfer on the three dimensional flow of viscous fluid
along an infinite porous vertical plate with periodic
suction velocity. Hayat ef al. (1998) have analysed the
periodic unsteady flow of a non-newtonian fluid. Ogulu
and Prakash (2006) discussed the heat transfer of
unsteady magnetohydrodynamic flow past an infinite
vertical moving plate with variable suction. Uwanta
(2009) analysed mass transfer of free convective flow
over a vertical plate with heat sink and jumped wall
temperature. Ericson et al. (1965) examined heat and
mass transfer on a moving continuous flat plate with
suction or injection. Jha (2001) investigated transient
free-convective flow in a vertical channel with heat

sinks. Recently, Ahmed et al. (2010) analysed the free
convective oscillatory flow of a viscous incompressible
fluid past an infinite vertical porous plate in presence of
transverse sinusoidal suction velocity and a constant
free stream velocity. Das and Mistra (2009) studied
unsteady mixed convective MHD flow and mass
transfer past an accelerated infinite vertical porous plate
with suction. Effects of wvariable suction and
thermophoresis on steady MHD combine free-forced
convective semi-infinite permeable inclined plate in the
presence of thermal radiation is studied by Alam et al.
(2008).  Govindarajulu and Thangaraj (1992)
investigated the effect of variable suction on free
convection over a vertical plate in a porous medium.
Jaiswaf and Soundalgekar (2001) presented the
oscillatory plate temperature effects on a flow past an
infinite vertical porous plate with constant suction and
embedded in a porous medium. Kim (2000) discussed
unsteady Magneto Hydrodynamic (MHD) convective
heat transfer past a semi infinite vertical porous moving
plate with variable suction. Chen (2004) studied heat
and Mass transfer in MHD flow by natural convection
from a permeable, inclined surface with variable wall
temperature and convection. Eswara and Bommaiah
(2004) analysed the effect of variable viscosity on
laminar flowdue to a point sink. Eswara et al. (2004)
studied unsteady MHD forced flow due to a point sink.
Ibrahim et al. (2008) worked on the effects of the
chemical reactions and radiations absorption on the
unsteady MHD free convection flowpast a semi-infinite
vertical permeable moving plate with heat source and
suction. Mahanti and Gaur (2009) considered effects of
varying viscosity and thermal conductivity on steady
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free convecti\{e flow .and heat transfer alqng an u=0,T=T, + EA(ZO_Tm)em’C*_C;JrgB(C;_Cw)em’y_o}
isothermal vertical plate in the presence of heat sink.

In this study, we extend the study
Muthucumaraswamy et al. (2009) to include suction 4
parameter, heat sink and chemical reaction and the where, A and B are constants.
boundary conditions for velocity, concentration and
temperature differs. It is assume that the effect of
viscous dissipation is negligible in the energy equation

of u—>0,7—>0,C—>0,y >

Introducing the following dimensionless variables:

1

and there is a chemical reaction between the diffusing Ut t=t'[ﬁ J]* v - y['Lo )5
species and the fluid. (vity )’ ' ' v
FORMULATION OF THE PROBLEM =1L G 0T) o _C-C
AT, -T,) U B(C,-C.)

Consider heat and mass transfer over a vertical Gc:w,m:&, Se="
plate with periodic suction and heat sink. The plate is Yo K b
subjected to a periodic suction and heat sink moving in v, 1 Qo"% (v 1
its own plane with a velocity u = 0 the x-axis is taken ~ °~ b= C F==—7K=K [Ej x B(c,-C.)
along the plate vertically upwards and the y- axis is (v ’ PCus o
normal to it. (5)

The equations for the fluid flow are momentum;

energy and mass concentration are as follow given by: Substituting the dimensionless variables of Eq. (5)

into (1) to (4), lead to:

*

ou” ou

-
ou )

v, (1+&e” ) =—=gB(T-T,)+gB (C -C, )+ .
o VO( ce )6y’ gp(T-T.)+gh ( °°) Vay'z %—s(l+ge"“)2u—y=GrA9+GcBC+%
(1) (6)
or . w0 O'T
pC, o vi(1reed )2 Gmhom—0,(T-L) O ps(14ee)20 100
@) ot oY Proy’ )
oc" . W\ 0C @ C . 3 2
o —v0(1+ge )ayr:Dayrz -KC ( ) 6_C_S(1 geiwt)é—cziﬁg—[{c
ot oY ScoY ®)
where, where
u* = The velocity of the fluid —Th i i
v*, = The suction parameter ; _ Hez tS:i;ll(OH parameter
t =Time . . K = The chemical reaction parameter
K* = Chemical reaction term b = constant
v i The klner'nat'lcs viscosity Gr = The thermal Grashof number
g = The gravitational constant Gc = The mass grashof number
B = The thermal conductivity S¢ = The Schmidt number
B* = Modified thermal conductivity Pr = The Prandtl number
T = The temperature of the fluid
k= Thermal conductivity The imposed boundary conditions are:
p = Density
C, = Heat capacity at constant pressure u=0,0=1+ge",C =1+ aty=0
D = Diffusion term 1=0,0-0,C—0 I )
C* = The mass concentration ©)
Qo = The heat sink term
y" = Distance METHOD OF SOLUTION
® = A frequency parameter
¢ = Perturbation parameter We assume that ¢ is small, therefore, we seek the
solutions to (10), (11) and (12)
With the following initial and boundary conditions: having the form:
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u(y,t)=uy(y)+eu (y)e” (10)
0(y.t)=6,(y)+e6,(y)e” (1D
C(y.1)=Cy(y)+&C (y)e™ (12)

Where, U, ( y )

Co(y)’eo(y)’ul(y) 7C1(y) and 91()’)
are to be determined.

Substituting (10) to (12) into (6) to (8) we obtain
the following equations:

uy +suy =-Gré, —GeC, (13)
6, +Prbsg,—PrFe, =0 (14)
Cy +58cCy —KScC, =0 (15)
u!+ Nu| =—-Grb, — GeC, —su, (16)
0]+ Prbs —Pr(F +iw)6, =—Prbsb, (17)
C/'+55¢cC, — (K +iw)ScC, = —sScC, (18)
All primes denote differentiation with respect to y.
The boundary conditions are:
u,=0,6,=1,C,=1 ony=0
u,=0,6=1,C,=1 ony=0
u, > 0,6, >0,C, >0 asy —> o
u, >0,6 ->0,C, >0asy >0 (19)

Solving Eq. (13) to (15) subject to the boundary
conditions (20) we obtain:

1 H? 1 52
=G| =+ +Cc| =+ ||e”

1 HGr ~ HGe . _
—Gr(fll‘f‘lf_zflzzflljcosh(iy)e ﬁ)+1_1122_ 22 Slnh(ﬂy)e v
2
%}c[l+ = Jcosh(ny) 2 Gnh(y)e "
S 51 _5251 51 -5 (20)
6, (y)=cosh(Ay)e™ 1)
C,(v)=cosh(ny)e” (22)

Solving Eq. (16) to (18) subject to the boundary
conditions (20), we obtain:

u (y,1)= Me™

- GrERQ, + GrB/Q
N GrQl_( 1232 : 2 1) COSh(ﬁy)eiay
A B -BR

GrEQ, +GrBQ,
4| —2 — 277 Iginh(Ay)e ™
20T o 2

-GrQd EGrQ)
+ GrQ), ;Gr23 cosh(oy)e ™
K K -FE'F
F,GrQy, | . -
+| —=——|sinh(oy)e™
£ ian(o)
-GrQ, F'GrQ
] s R r23 cosh(oy)e™
K K -FF

F.GrQ, | .
+ %j sinh(oy)e™

1 2

—Gea, (GeRR,a,+GeRa,)

+ L 5 Jcosh(ny)e“

R, R} - RZR,

[GCR \a, +GcR a, ]smh(ny)e/)

[ Gea; L Gcac3

T jcosh(py)e

W )
2 smh + 3w
(5% J (or)e ™+ 2w

fW,+lW GG (W, + W)+ Gis (W, + ;)
G -GG,
[Gs (2w, +fW3 +Gs(fW,+lW)] sinh(1y)e

Jcosh(/ly)e””

G -G,
fW4+17W s (W, A W) = s (W, + 1)
L -1

Jeossme

1 (W, +fW5 +sf fW4+77

)]sinh(r]y)e’ﬁ

(23)
J{ X, 2m, +2Z§)(1 ]Cosh (iy)e™
5z Z-Zz
(=X, +z2X )smh ()e (24)

Z _Zz
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2
C (y.t)= [l—ﬁ——TITZYZ LY ]cosh(py)e’y

L T’-T,T,
Yl TlT2Y2+T22Y1 -/
+| ++—+-=22—=2"|cosh e
[Tl -1, 77)
TY, +T,Y, | . T (25)
—| ———=—|sinh e ”
(X i (1)
where,
2
a- Prbs,l:\/(Prbs) +4PrF)
2 4
U:\/(Prbs)2+4Pr(F+ia))
4 b
X,=Prbsa, X, =Prbsi,
1 =Prbs, mI:Pr(F+ia)),
zy=A—au+a’-m,,
/ Se) +4KS
ZZ:_Za/'L+’uﬂ’ n= Mfc
P sSc \/(sSc)2+4Sc(K+ia))
2P 4 ’
Y, = sScf, ¥, = sSen,
M, =58S¢c, m, = Sc(K+ia))
T1=772_f/u2+f2_m25
T ==2fn+uwmn,
H =A"-as+a’,
H,=-2al+As
51:772_fs+f2asz:_2f77+577a
2
N =s-io, Q, = X, + lezi(z +222Xl
Z, Zp T Z,2,
0. = 2, X, + z,X,
| ’ z! z;
P=21"+a’+aN ,
P, =-2ai - AN,

10

%:[l_g_TlTwax}

L T-T7T
L1:p2+f2+ﬁva
L,=-2fp-pN

H2 2

H H -HH, s s —5,8

2
Hl Hl _HZHI

H, Gr
1~ 4

Ge  Ges?
w, :[_4- 3 22 >
s, 8 =S58

G =2+ 2= N,

G, =-2fA+AN,

L=n’+f*-/N

I,==2fn+nN,

M- GrQ, N GrPPQ, + GrP’Q,
A R'-P'R

L GrQ, | FGro,

F F-FF

N Gea, N GcR Ry, + GeRS e,
3
R, R, _R22R1
Gea, LGea,  sW,
L L-LL s-N
+A
n S (sz W, ) i
G,

G,G,s (AW, + fW,)+ Gys( /W, + AW,)

Gl3 - Gz2 G1

+S(fW4+77W5)+

11
IIIZS(’]Wzt +fW5)_1225(fW4 +77W5)

Gr
TR T
Hl HI_HZHI

=L

H, +H3—H2H S sl
1 1 21 S 85 T8,S

2
Gri, ]cosh(ly) e?

J

Substituting (20) to (25) into (10) to (12) we have
the solution for velocity, temperature and concentration
as follows:

2 2
u(y’t):[cr GrH; _ Ge  Ges; Je_xy
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- cosh
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sinh oy L™
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]cosh(/iy)eb
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1 271
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(l—ﬁ z2,X, +22 X,
3 2

Z 4

o)

24

2
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e e e e
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Z
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C(y.t)=cosh(ny)e™”

Y TTY,+TY
te||1-L 22 271 jeagh e
([ T T—TT] (o)

{5 LG HTY,

1Jcosh(77y)e’@

nr-TT
(28)
T Y +T Y inh ( ) o
Tt e
RESLUTS AND DISCUSSION

Heat and mass transfer over a vertical plate with
periodic suction and heat sink has been formulated,
analysed and solved analytically. In order to point out
the effects of physical parameters namely; suction
parameter s, Heat sink F, thermal Grashof number Gr,
mass Grashof number Gc¢, Prandtl number Pr, Schmidt
number Sc, time t and chemical reaction parameter K.
on the flow patterns, the computation of the flow fields
are carried out. The value of the Prandtl number Pr is
chosen to represent air (Pr = 0.71). The value of
Schmidt number is chosen to represent water vapour
(Sc = 0.6). The values of velocity, temperature and
concentration are obtained for the physical parameters
as presented below.

The velocity profiles has been studied and
presented in Fig. 1 to 7. The velocity profiles is studied
for different values of Schmidt number (Sc = 0.16, 0.3,
0.6, 2.01) and is presented in Fig. 1. It is observed that
velocity increases with decreasing Schmidt number.
The velocity profiles is studied for various values of
Prandtl number (Pr = 0.71, 0.85, 1) and is presented in
Fig. 2. It is observed that Pr velocity increases with
decreasing Prandtl number.

The velocity profiles is studied for different values
of suction parameter (s = 0.1, 0.2, 0.3, 0.4) and is
presented in Fig. 3. It is observed that velocity increases
with increasing suction parameter. The velocity profiles

101] : : : :

Jo =016, 03, 06,201
il B ST 4 -

-0 ;

walaciy
-

-8

Smt

q|:'|| 1

Fig. 1: Velocity profiles for different values of Sc
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Fig. 4: Velocity profiles for different values of F

is studied for various values of heat sink (F = 0.1, 0.2,
0.5, 1.0) and is presented in Fig. 4. It is observed that
velocity increases with increasing heat sink. The
velocity profiles is studied for different values of mass
and thermal Grashof number (Gec = 2, 5, 10) and (Gr =
3,5, 10) are presented in Fig. 5 and 6, respectively. It is
observed that velocity increases with decreasing Ge and
Gr, respectively. The velocity profiles is studied for

101}
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Fig. 5: Velocity profiles for different values of Gc
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Fig. 7: Velocity profiles for different values of K

various values of chemical reaction parameter (K = 0.5,
0.8, 1, 2) and is presented in Fig. 7. It is observed that
velocity increases with decreasing values of K.

The temperature profiles has been studied and
presented in Fig. 8 to 10. The effects of temperature for
different values of heat sink (F = 0.1, 0.2, 0.5, 1.0) is
presented in Fig. 8 from the graph, it shows that
temperature increases with increasing F. The effects of
temperature for different values of Prandtl number (Pr

12
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Fig. 10: Temperature profiles for different values of s

=0.71, 0.85, 1) are computed and presented in Fig. 9. It
is observed that the temperature of the flow increases
with increasing values Pr. The effects of temperature
for different values of suction parameter (s = 0.1, 0.2,
0.3, 0.4) are computed and presented in Fig. 10. It is
observed that the temperature of the flow increases with
decreasing values of s.
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The concentration profiles has been studied and
presented in Fig. 11 to 13. The concentration profiles
for different values of Schmidt number (Sc = 0.16, 0.3,
0.6, 2.01) is presented in Fig. 11. It is observed that the
concentration increases with increasing Schmidt
number. The concentration profiles for different values
of suction parameter (s = 0.1, 0.2, 0.3, 0.4) is presented

in Fig. 12. It is observed that the concentration
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Table 1: Skinfriction 1

Gr Ge F S € ® Pr K Sc T
2 3 0.1 0.2 0.001 0.1 0.71 0.5 0.6 -6.7498
2 5 0.1 0.2 0.001 0.1 0.71 0.5 0.6 -7.1490
3 5 0.1 0.2 0.001 0.1 0.71 0.5 0.6 -10.2248
5 5 0.2 0.4 0.002 0.2 0.85 0.5 0.6 -16.2202
5 5 0.2 0.4 0.002 0.2 0.85 1 0.3 -12.3868
5 10 0.2 0.4 0.002 0.2 0.85 1 0.3 -12.3896
Table 2: Nusselt number Nu
F S € [0} Pr Nu
0.1 0.2 0.001 0.1 0.71 -0.0711
0.1 0.3 0.001 0.2 0.71 -0.1067
0.2 0.4 0.001 0.1 0.71 -0.1421
0.2 0.2 0.001 0.1 0.85 -0.0851
0.2 0.4 0.002 0.2 0.85 -0.1701
0.2 0.4 0.002 0.2 1 -0.2002
Table 3: Sherwood number Sh
K s € ® Sc Sh
0.5 0.2 0.001 0.1 0.6 -0.0601
0.5 0.2 0.001 0.2 0.16 -0.0160
0.5 0.4 0.001 0.1 0.6 -0.1201
1 0.2 0.001 0.1 0.22 -0.0220
1 0.2 0.002 0.2 0.3 -0.0301
1 0.4 0.002 0.2 0.3 -0.0601
increases with decreasing suction parameter. The REFERENCES
concentration profiles for different values of chemical
reaction parameter (K = 0.5, 0.8, 1, 2) is presented in ~ Ahmed, S., I. Liu and I. Chung, 2010. Mixed

Fig. 13. It is observed that the concentration increases
with increasing K.

Table 1 to 3 gives the Skin friction, Nusselt
number and Sherwood number, respectively.

Table 1 shows the effect of physical parameters Gr,
Gce, F, s, Sc, K, & w and Pr on the skin friction. Its
observed that shear stress increases when Gr, G¢,F, s,
Sc, K, €, w and Pr increases.

Table 2 shows the variation of physical parameters
F, s, Pr, € and w on the nusselt number which
determines the rate of heat transfer. It’s observed that
rate of heat transfer increases when F, s, Pr, € and w
increases.

Table 3 shows the effect of physical parameters K,
s, Sc, € and w the Sherwood number. It’s observed that
mass transfer increases when K, s, Sc, € and w
increases.

CONCLUSION

Heat and mass transfer over a vertical plate with
periodic suction and heat sink has been studied. The
dimensional governing equations are solved by
perturbation technique. In order to point out the effects
of physical parameters namely; suction parameter, Heat
sink , thermal Grashof number, mass Grashof number,
Prandtl number, Schmidt number and chemical reaction
parameter K are presented graphically and tabulated on
the flow patterns. It is observed that velocity profile
increases with increasing s and F.
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