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Abstract: This study presents an approximate solution to a 3-dimensional free convection flow of a viscous,
mcompressible fluid past an impulsively started infinite, vertical porous limiting surface through porous medium
with transverse sinusoidal suction in presence of uniform magnetic field. Using perturbation technique, the
expressions for the transient velocity in the main flow direction, the temperature, the sinusoidal skin fraction
and the rate of heat transfer have been discussed with there respective dependence on the Prandtl number (Pr),
Grashoff number (Gr), Magnetic parameter (M) and Porosity parameter (K).
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INTRODUCTION

The phenomenon of MHD free convection has many
importances in technological applications, e.g., in cooling
reactors, providing heat sinks in turbine blades, etc. The
effects of free stream oscillations on the boundary layer
flow of a viscose fluid are also often encountered in
engineering applications, e.g., in the aerodynamics of a
helicopter rotor or mn a variety of bio-engineering
problems such as fluttering airfoil, etc. Such a study was
mitiated by Lightlull (1954). By assuming the oscillatory
flow to be super imposed on the steady non zero mean
flow, he linearized the momentum equations and solved
them by the integral method, Stuart (1955) further
extended this idea to study a 2-dimensional flow past an
mfimte porous plate. Further, Soundalgekar (1973a, b) and
Soundalgekar and Pop (1974) analyzed the unsteady flow
past an infinite vertical porous plate with constant and
variable suction, respectively. In all the study mentioned,
the plate is assumed to be stationary.

The flow of an mcompressible viscous fluid past an
impulsively started infinite horizontal plate in its own
plane was first studied by Stokes (1851) also known as
Rayleigh’s problem. Recently, Georgantopoulos (1979)
has discussed the free convection effects on the
oscillatory flow in the Stoke’s problem past an infinite,
vertical porous limiting surface with constant suction.
Singh analyzed 3-dimensional oscillatory flow past a plate.
Most of the researchers have assumed the suction
velocity either constant or variable with time thus
restricting themselves to the two dimensional flows only.
One possible suction distribution is a transverse
sinusoidal one which give rise to a cross flow and hence

to a 3-dimensional flow over the surface. Gorla and Singh
(2005) have been discussed free convection effects on
Stoke’s problem with transverse periodic suction.
Das and Tripathy (2010) have discussed effect of
periodic suction on 3-dimensional flow and heat transfer
past a vertical porous plate embedded in a porous
medium. Therefore, the object of this study 1s to study the
free convection effects on flow of a viscous,
incompressible fluid past an impulsively started infinite,
vertical porous limiting surface through porous medium
with transverse sinusoidal suction in presence of uniform
magnetic field.

MATERIALS AND METHODS

Mathematical formulation: Researchers consider 3-
dimensional free convection flow of a viscous,
incompressible fluid past an impulsively started infinite,
vertical porous limiting surface through porous medium
with transverse sinusoidal suction in presence of uniform
magnetic field which consists of a basic uniform
distribution superimposed with a sinusocidal distribution
£v,co8T v,z'/v. A coordinate system is assumed with
limiting surface lying vertically on x’-z’ plane such that the
x' axis is oriented in the direction of the buoyancy force
and y'-axis is perpendicular to the plane of the limiting
surface. Imitially, the limiting surface is at rest but at t>0 1t
starts moving impulsively in its own plane with constant
velocity U, and its temperature 1s instantaneously raised
or lowered toT," which is thereafter maintained constant.
Then under the usual Boussinesq’s approximation the
non-dimensional equations governing the problem are
given by:
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The corresponding boundary conditions are given
by:

y=0:u=1 v=—(1+ecosmz), w=0, 0 —1} 6)

y—eo:u=U{), v=-1, w=0,p=p_, 0=0

When the amplitude e<<l, researchers assume
the solution 1n the neighborhood of the limiting
surface of the form:

u=u,+eu, +eu, +..
V=V, +ev, +EV, +..
W=w, +ew, +&'w, .. (7
p=p,+ep, +p, +..
0=0,+80, +£0,+...

And for the free stream:
U=1+ge™ &)

Substituting Eq. 7 and 8 in Eq. 1-5 and comparing the
coefficient of like power of € and neglecting those of €°.
The terms free from £ given as describe a steady two
dimensional problem with constant suction at the limiting
surface:

v, =0 @

u; —v,u; —nu, =-—n-Gro, (10)
Vi -V V.~V =] (1)

W, — VW, —nw, =0 (12)

8y —Prv, 8, =0 (13)

Where primes denote differentiation with respect to
y. The corresponding boundary conditions are:

y=0:u,=Lv,=-1 w,=0,0,=1 (14)
y—ooiu, =L vp=-1 w, =0, p,=pg, 6, =0

The solution of Eq. 9-13 under the boundary
conditions Eq. 14 are:

u, :1+Ba[e_m76_m’} (15)
BD —g Y (1 6)

With transverse velocity components v, = -1, w, = 0
and the pressure p, = p.. Taking mto account the
solutions of the transverse velocity components of the
above 2-dimensional problem, the terms the coefficient of
£ give equations:

oy W a7
dy 0z
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With boundary conditions:
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y=0:u, =0, v,=—cosnz w, =0, 0, =0 } 22)

y—ooeorn =™, v, =0, w, =0, p, =0, 8 =0

Equation 17-21 describe the 3-dimensional flow. To
solve these equations, researchers separate the variables
v, z and t as:

o =1, 1(Y)e.m +1,,(y)cos iz (23)
v, = v, (y)e™ +v,(y)cosnz
s oot 1 4 :
wy = | vy (ye™ + E“ﬁz(}’)smﬂz
P =Py (¥)e” +py,(y)cosmiz (24)

6, =0, (y)e™ + 0, (y)cos iz

Expressions for v, and w, m Eq. 23 and 24 are chosen
show that the equation of continuity, i.e, Eq 17 is
satisfied.

Substituting Eq. 23 and 24 in Eq. 18-21 and equating
harmonic terms, researchers get the following equations
with corresponding boundary conditions:

uy, [?+ n}u11 = fijmfGrell tv,u, -n (25)

uf, +ul, f(Tcz +n)u12 =v,u, —Gro, (26)

y=0:u,=0, ulz—O} (27)

y—e:u, =1L u,=0

v+ v —[ij)wLnJVH =p, (28)

v+ v —(i?+njv1’1 =0 (29)

v, + V), —(nz + n)v12 =p;, (30)

vl v, *(TEZ +n)vf2 =7'p,, (31)

y=0:v,=0,v,=-1v/,=0 } (32)
y—ool v, =0, v,=0,p, =0, p,=0

8/, +Pro;, —iImPre11 =Prv 6, (33)

67, + Pré, —m’8,, = Prv 0, (34

267

(35)

From these equations with the help of Eq. 23 and 24,
the solutions for u, v, w,, p, and 0, are obtained as:

Bzﬁefﬁay + Bmefﬂny _
u = [1 - e'N”’Jeimt +|Be P —B,,e P + |cosmz (36)

6246*5205’ _ steiﬁsy

v, = [nlnze’fLy —n4e’ﬁ“y}cosnz (37)

W, :7%[84114675” fnnlnze’“y}sin‘nz (38)
p, =n,e " cosmz (39

8, = [Bge’ﬁfy - Bge’ﬂ”y + B@’Bwy ] COSTCZ (40)

Substituting Eq. 15, 16 and 36-40 in expressions foru
and 6 in Eq. 7, researchers get the expression for the main
flow velocity and temperature field as:

u(y,z,t) =u,{y)+eu,(y.z,t) (41)

8(v,2z) =8, (y)+e8,(y,z) (42)

The mam flow velocity can now be expressed m terms
of the unsteady fluctuating parts as:

uly.zt =u,(y) +£[U, coswt — U, sinwt +u,, cosnz]

(43)
Where:

U, +iU, =1-¢ (44)

Hence, the expression for the transient velocity
for wt = 1/2 is given by:

u(y,z, i) =u,(y)+ E[ulz cos iz —e * sin BzyJ (45)
2

From the velocity components u and w, researchers
calculate the skin friction in the main flow direction and in
the direction perpendicular to the main flow, respectively
in the non-dimensional form as:
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TZX = (BM 7810) + 8[627 COSTI:Z*BZ]

L _{&1} = u) + ey, at  y=0046)
v=0

b4 = U o
Uy | 9y m=m,+im, tano ="
mI’
T ow € )
T = ;2 _{BJ = —E[nznlnz —BﬁnJSlnnz “47) From the expression for the temperature field,
Vo Yy researchers can calculate ¢, the rate of heat transfer as:
. .11'1 terms of the arqplltude and the phase of skin q-- q'v _[99 g e at y=0
friction Eq. 46 can be written as: Vnk(T’ -T ) ay |,
- -
q=-Pr+¢f, cosnz
T, =Ty, T+ a‘m|cos(mt + o) (48) “
Where: Where:
n:M+l n=—" n, = By n,=(1+nmn,)
g (n+n)’ : nl(ﬂzfﬁi): ’ b
pr’ -1
LSRR N=(n’+n), n, zz(nlinz)z
b B, +Prp, -7
1+4/1+4n Gr 1+41+ 4N Pr+ /Pri+ 4’
81:77 BZ:PrZ—Pr—n, 63:7: 64: 765: aBﬁ:Bi+B4Pr_T':2,
2 B, 2 2
Prin, Pron,
B? = B > Bx = . Bg :Ba _679 Bw :Bﬁz’ Bu = Bz Pr, BIZ :nlnzﬁn +GrBav BIB :n4B11 + GrB??
[
814 :nlnzﬁwv BIS :n4B1u’ Blﬁ :GrBw 617 =Pr+m, le :B4 + Pr, Bw =n+ Bp Bzu = Bl +B4:
B = 2 B 2 By = 2 By 2 B = z B 2 B = z B . By = 2 B ;
B1776177N 1876187N [?’197[?’197N 20782071\] 657657N
Bza = st B Bz4 + Bza + Bzz 7le> Bz7 = 619823 B 820624 + stss 782584 7821817 + Bzzsw
14 4n)+ J(1+ a0 ) + o |° (140} (14 An) + ot || 1+ A B
R R A I L Y (KR IRl NN £ WY
2 2 2 2
RESULTS AND DISCUSSION

In order to get a physical insight into the problem and for the purpose of discussing the results obtained, numerical
calculations have been carried out for the transient velocity, the temperature, the rate of heat transfer and the simusoidal
skin-friction. Tn this study, researchers study the effects of the Grashoff number (Gr), Prandtl number (Pr), Magnetic
parameter (M) and porosity parameter (K).

The transient velocity profiles are plotted against vy shown in the Fig. 1 when the suction effects is
maximum (z=0forw =5,e=02, M =02 and K = 2. It 1s observed that transient velocity increases sharply till y = 1.2,
after it transient velocity decreases continuously with increasing in y™. Tt is also observed that the transient velocity
mcreases with mereasing Grashoff number Gr but it decreases with increasing Prandtl number (Pr).

The transient velocity profiles are plotted against y shown in the Fig. 2 when the suction effects is maximum (z =
0) forw =5,e=02,Gr=5and Pr = 0.71. It 15 observed that transient velocity mcreases sharply till y = 1.2, after it
transient velocity decreases continuously with increasing in y™. It is also observed that the transient velocity decreases
with increasing Magnetic parameter (M) but it increases with increasing porosity parameter K.

The temperature profiles are plotted against y shown in the Fig. 3 when the suction effects is maximum (z = 0) for
w=58=02M=02 K=2and Gr = 5. It is observed that the temperature decreases with increasing Prandt]l number (Pr).
The rate of heat transfer is plotted against z shown in the Fig. 4 for different value of Pr. Tt is observed that the rate of
heat transfer decreases with mcreasing Prandtl number (Pr).
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Fig. 1: Transient velocity profiles for different value of Pr
and Gr

JHE"
ZEEER
(T T | I |
opoe
"R TRTRY]
RRARR
nnnn
WL N

|

=

Fig. 2: Transient velocity for different value of M and K
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Fig. 3: Temperature profile for different value of Pr
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Fig. 4: Rate of heat transfer for different value of Pr
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Fig. 5: Sinusoidal skin friction for different value of Pr, M,

K and Gr

The sinusoidal skin friction is plotted against z
shown in Fig. 5, for different value of Pr, M, K and Gr. Tt is
observed that the sinusoidal skin friction decreases with
increasing Prandtl number (Pr) and Magnetic parameter
(M) but it increases with increasing Grashoff number (Gr)
and porosity parameter (K).

CONCLUSION

The object of this study is to study the free
convection effects on flow of a viscous, mcompressible
fluid past an mmpulsively started infimte, vertical porous
limiting surface through porous medium with transverse
sinusoidal suction in presence of uniform magnetic field.
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