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The effect of periodic variation of suction velocity on free convection flow
and heat transfer through a porous medium is in vestigated. The problem
becomes three dimensional due to variation of suction velocity in transverse
direction on the wall. A series expansion method is used to get the solution
of the governing equations and the expressions for velocity and temperature
fields are obtained. The skin friction and the rate of heat transfer at the wall
are analysed in detail.

INTRODUCTION

The problem of laminar flow control has gained considerable importance in the
field of Aeronautical Engineering in view of its application to reduce drag and hence
the vehicle power requirement by a substantial amount. The development on this
subject has been compiled by Lachmann®. Theoretical and experimental investigations
have shown that the transition from laminar to turbulent flow which causes the drag
coefficient to increase, may be prevented by the suction of fluid and heat transfer from
boundary layer to the wall. Gersten and Gross® have studied the effect of transverse
sinusoidal suction velocity on flow and heat transfer along an infinite vertical porous
wall. The flow and heat transfer through a porous medium, however, has not received
much attention despite its application in many branches of engineering. In this note,
the effect of suction velocity variation on free convective flow and heat transfer in
a porous medium is investigated.

ANALYSIS

We consider free convection flow of a viscous incompressible fluid through a
porous medium bounded by an infinite vertical porous wall. A coordinate system
with the wall lying on x — z plane and y-axis perpendicular to it and directed into the
fluid is introduced. The suction velocity distribution is taken in the form :
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v (2) = v, [1 + € cos %z:l (D

which consists of a basic steady distribution ¥, < 0 with a superimposed weak
transversally varying distribution € V¥, cos =z/L of wave length L. Since the wall is
infinite in x-direction, heace all physical quantities will be independent of x, however,
the flow remains three dimensional due to variation of suction velocity. Let us denote
velocity components u, v, w in x, y, z directions respectively and temperature by T.
The governing equations are

ov ow

&+ g =0 2)
‘-Z—‘; +wg-: = gB(T — Top) + v (%’i + Z;“)- ”T? ..(3)
v%+w%=~—;%§ +v(g;—vg %)—% o (4)
y g; +u,~—§1z‘-' =—%‘l';’+v (‘:—y‘i 2—221;) - (5

In eqn. (3), variation in density is taken into account only in the derivation of
the buoyancy force while other density variations are neglected within the frame-work
of constant property fluid. The last terms in eqns. (3), (4) and (5) account for the
pressure drop across the porous material. It is worthwhile to mention that the basic
flow in the medium is entirely due to buoyancy force, caused by temperature difference
between the wall and the medium.

The boundary conditions of the problem are :

y=0:u=0,v=v,0,w=0,T=T, }

y>o0o:u=0w=0,p=p,, T =Ty. ..(7)

When the amplitude € of oscillations in suction velocity is small, we assume
the main flow velocity u in the following form

u=1uy + eu + eu + .. ...(8)
T - T o0

Tw - Tw :
€ = 0, the problem reduces to two-dimensional free convection flow in an infinite
porous medium with constant suction velocity at the wall. In this case eqns. (2) to (6)
reduce to

The similar equations hold for other variables v, w, p and 6 = When

,

5 =0 -(9)
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The solution of these equations is

Gv
Lp1

Ug = (e—my - e-PRy), v(] = Vo, w0 = 0

6o = C—PR;, Po = Poo
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P, = R*(P* — P) —

«.(10)
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..(12)

...(13)

When € # 0, the series expansion (¢) is substituted in equations (2) to (6) and
like powers of € are equated to get the perturbation equations of various order in e.
For small values of ¢, it is sufficient to consider the perturbation equations only of

o (¢), which are

%§+%=o
%%2"%$+($+%H—%”
T

° 0 3 82

with boundary conditions

y= 01w =0, =V cosn%,w1=0,el=0}

y—r>ooiuy=0w=0p=206a=0

.(14)

...(15)

...(16)

(17

..(18)

..(19)

This is a set of linear partial differential equations which describe the three-dimen-

sional cross flow.
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First of all we shall consider the eqns. (14), (16) and (17). The solutions for
vi (¥, z), w1y, 2) and p, (¥, z) are independent of main flow component u, and
temperature field .. We now assume v,, w; and p, as

v, (3,2) = Vo 7 vy (¥) cos nz ...(20)
Wi (P, 2) = — vovis (J) sin nZ el))
(3, 2) = PV§ pi (¥)cos =Z ; ..(22)

where Z = z/L and prime denotes differentiation with respect to ».

Equations (20) and (21) have been chosen so that the continuity equation (14) is
satisfied. Substituting these expressions into (16) and (17) and applying the corres-
ponding transformed boundary conditions, we get the values of v,, w, and p, as :

v (9,7) = éﬁ' (ze"A — Ae~T?) cos iz ..(23)

wi(3,2) = ﬂ”j"/\ (e & — &™) sin 7z .. (24)

P (3.7 = N, P V3 (”%) e cos mz .(25)
where

Ny=1+ zandd = 5 (RY4 + = K P

Assuming u; and §, of the form

up (3, 8) = uy, () cos nz ...(26)
81 (¥, 2) = 611 (P) cos 2z .27

and substituting in eqns. (15) and (18), we get

vG R ] A -
7)) = — — ————| - — e — e — -A
u (32 LP7—=2a (2)tN‘ =N, A,+A3+Aa)e Y
4 I e(tmy _ A e~ mtmly __ 4 o—~(A+PR)Y
2AN, N3 1
+ A, e \(W+PRY 4 4, e';‘-;'] cos 7Z ...(28)

Pt R n ~ A - As 37
7Y = = o=(A+PRY __. _ o-(w+PR)y _. 2% ,—A 7
6:(3,2) "~7\[P2e : P — 5 ’]cos::z
.(29)
where
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P,=A(1+P)+ KR P = — D F
RA(P—1) — K,

1
Ny = — (Rt + 4K

_ _ 7(1+ PP\[RP)
Ne= 1+ Kif2mh, 4, = "op 50

o AP (R + Py[7)
®= P*R'Y 2« PR— R2P — R — K,

PR

A = Pa(‘ﬂ/P2 - /\,WP), _/\' = —2—

[

+ ("2 + P2R2/4)1’2.

RESULTS AND DiscuUssIONS

We now discuss the important flow characteristics of the problem. The expres-
sion for shear stress along the direction of x is obtained as
()
L S ﬁ) Fuf
Crx = PV L P VL2
G PR ) + ¢ GF, (P, R F4 30
= IT( — m) + ¢ GF, (P, R) cos % ...(30)

where

R m A
F,(P,R) = Pm — M) [— AN, + 1ma(77"¥-)‘71——/\)

4 A, PR+ A, (A — PR — =) + Az (A —_/\)] .31

The skin friction factor F; (P, R) in the limiting cases, R — 0 and R — oo, tends to
zero. Equation (31) is numerically evaluated for different values of R and permeabi-
lity parameter K; and the results are shown in Fig. 1. From Fig. 1, it is obvious that
F, tends to its limiting values as R = 0 and R — oo for each K,. It is also seen that
F, increases with R until it attains a maximum value, after which it decreases and

approaches to zero. It has also been observed that, asthe value of X, is increased,
the skin friction factor F, decreases significantly.

The heat flux at the wall in terms of Nusselt number Nu is given by

I —
PVoco (Tw — Too) PVocr \0Y Jyao

=14 e[l — F,(P,R)]cosnz ...(32)
where
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F1G. 1. Variation of skin friction factor F; with
R for different values of permeability
parameter K.
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F1G. 2. Variation of heat transfer factor F, with
R for different values of permeability
parameter K.
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It is found that F, takes constant values for limiting values of R. When R - 0,
F, — 1 which is obvious because there is no oscillatory fiow. However, when R — oo,
F, — 0 which shows that heat transfer approaches to quasi-steady value. These

results are shown in Fig. 2.
permeability parameter X,.

It is interesting to note that F, (P, R) increases with
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