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Abstract: - The effect of permeability variation on heat transfer and flow through a highly porous medium bounded by
infinite flat porous surface is studied. The problem is three dimensional due to periodic permeability .The solution of
governing equations are obtained, using finite difference method-numerical technique. The expression for the velocity,
temperature, skin friction and rate of heat transfer are obtained. The skin friction and rate of heat transfer are discussed
with the help of tables.
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Introduction

Heat and mass transfer in porous media is discussed in a wide range of disciplines as Mechanical Engineering, Biomedical,
Chemical Engineering, Food Technology, Petroleum Engineering, Groundwater Hydrology, and Industrial Engineering. The
important applications include packed bed reactors, Filtering dry fuel cell, Contamination migration in groundwater,
Insulation nuclear reactors and many more. Heat transfer problems have many practical applications in industrial
manufacturing processes such as polymer composition. This rapidly increase in research activity has been many due to
number of important applications in modern industries ranging from chemical reactors, underground spread of pollutants
, heating of rooms, combustion , fires and many other heat transfer processes , both natural and artificial. Heat transfer
plays a vital role in designing of car radiators, solar collection, various parts of power plant and even space craft. The basic
three mechanism of heat transfer are convection, conduction and radiation.

The problems of flow through porous medium has numerous scientific and engineering applications, in view of these
applications a wide research is done and still going on. Raptis (1981) ,studied the free convective flow and mass transfer
through a porous medium bounded by infinite vertical surface with constant suction. Raptis (1983), investigated unsteady
free convective flow through a porous medium. Adrian Bejan and R.Khair(1985), studied the heat and mass transfer by
natural convection in porous medium.Bestman(1989), analysed the unsteady flow of an incompressible fluid in horizontal
porous medium with suction.K.D Singh(1993),studied three dimensional viscous flow and heat transfer along a porous
plate. K.D.Singh and G.N.Verma(1995), studied three dimensional oscillatory flow through a porous medium with periodic
permeability. They also analysed heat transfer in three dimensional flow through a porous medium with periodic
permability. N.Ahmed and D.Sarma (1997), studied three dimensional free convective flow and heat transfer through a
porous medium. S.S.Das and U.K. Tripathy(2010) , analysed the effect of periodic suction on three dimensional and heat
transfer past a vertical porous plate embedded in porous medium. Ujwanta , Hamza and Ibrahim (2011) ,analysed heat
and mass transfer through a porous medium with variable permeability and periodic suction. The aim of this paper is to
study the effect of periodic suction on three dimensional flow of a viscous incompressible fluid through a highly porous
medium. The porous medium is bounded by an infinite horizontal porous surface with periodic suction. The analysis of
skin friction which is very important from industry point of view is also studied.

Mathematical Formulation

For mathematical formulation of the problem, we consider the viscous incompressible fluid flow through a highly porous
medium bounded by infinite porous surface. The surface lying horizontally on the x*-z* plane, with variable suction. The
x*-axis is taken along the infinite surface being the direction of the flow and y*-axis is taken normal to surface directed into
fluid flowing laminarly with free stream velocity U. Since surface is considered infinite in x*-direction so all physical
quantities are independent of x .

The permeability of the porous medium is assumed to be of the form
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k*(z*) = Ko (1)

[1+gcosﬂlz_* ]

where K*)is mean permeability of the medium , L is wavelength of permeability distribution and e€(<<1) is amplitude of
permeability variation. Denoting velocity components u* , v* ,w* in the direction x* , y*, z* respectively and temperature

T*. The flow in highly porous medium is governed by following equations:

Continuity equation:

OV*  OW*
+ =0 (2)

ay* OZ *

Momentum equation

ou * ou * o%ux  O%ux v

VE——— Wk —— = st |~ (ux-U) ()
oy * 0z * O y*" 011 K *
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Energy equation:
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% :k

+W +
oy * 0z * 0 y** oz
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Where

(GV*JZ (aw*]z (au*jz [aw* av*Jz (au*jz
g =2 + + + + +
oy * OZ * oy * oy* 07 OZ *

p is the density, p is the dynamic viscosity, v is the kinematic viscosity, p* is the pressure, k* is the permeability of porous

medium, k is the thermal conductivity of fluid and c;, is the specific heat of fluid at constant pressure.

The initial and boundary condition of the problem are

y*=0 ; u*=0, w*=0, T*=T%, v'=-a

()

y¥*=oo ; u*=U, w*¥=0, T*=T*s,, p*=p*, ,v¥=V

The subscripts ‘w’ and ‘0’ denote the physical quantities at the surface and in free stream respectively.

Introducing the following non-dimensional quantities
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The other parameters introduced are defined as
UL

- Reynolds number
1%

R

Vv
o =— - Suction parameter

LC

Pr = Tp - Prandlt number

U 2

= - Eckert number
c,(T*,-Tx))

k*U?

5 - permeability parameter
L

K

Equations (3) -(6) reduces to the following forms:

(8)

2 2
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oy: 01z Ko

— ——V(1+ &cos nz)

9
o ow op 1(0°v o

V— +W— = —— + ~+——
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(12)
Where

) (awY | J(eu) (ow av) (ouY’
P=2—| +|— | t+|— | +|—+—| +| —
oy oz oy oy oz oz
The corresponding boundary condition now reduce to the form

y=0 ; u=0,

(11)
oT  oT 1 (62T GZTJ
V—+W—

w=0, T=1, v=-a

y=c0 ; u=1, w=0, T=0, p=-pw

(13)
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Method of solution

In order to solve these differential equations from (8) - (12) , we assume the solution using Perturbation technique. Since
€ (<<1) the amplitude of permeability variation is very small :

u(y,z) = uo(y) + eui(y, z) + €2 uz( ¥, Z)+emrrerrrrens
v(y,z) = Vo(y) + €vi(y,2z) + €2Va( ¥, Z) +rmrrrrren
w(y,z)= wo(y) + ewi(y, z) + €2 w2y, Z) +reerrrenns
(14)
p(v,z)= po(y) + €pi(y,2z) + €2 p2(y, Z) +ovrrrreerenn

T(y,z)= To(y) + €Ti(y,2) + €2 T2y, Z) +errrrrren

When € = 0, the problem reduces to the two dimensional flow through a porous medium with constant suction. In this
case equations (8) - (12) reduces to

dvy
dy

=0 (15)

2 2 2
d7u, ROIuO R =R (16)

__V_ =
dy? % dy K ° K

d 2T0
dy?

—v,rpr 3o _ _gpry,?
d

y (17)

The corresponding boundary condition now become
y=0 ; u=0, wy=0, To=1, vo=-a
;0 uw=1, we=0, To=0, po=pe (18)

y=o

The solution for uo(y) and To(y) using the boundary condition (19) are

W(y)=1-em (19)
To(y) = (1 +M) e-RPry - M e-2my (20)
Withvo=-a ,wo= 0, po = Pw (21)
Where

R ( , 4 ] EPrm
m= —|la+. [|la +— and M= —————

2 K 2(2m—aR Pr)

When € # 0, substituting equations (14) into equations (8) - (12) and comparing the coefficients of like power of € and
neglecting higher power of €2, we get the following with equations using equation (21):

% + % — 0
oy oz 22)
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2 2
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oy 0z oy® 01 (25)
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The corresponding boundary condition now become
y=0 ;  wm=0, wi=0, Ti=0, vi=0
y=0 ; ur=0, w1=0, T1=0, p1:0 (27)

Equations (21) - (25) are linear partial differential equations which describe the three dimensional
flow. We assume the solution of equations (23)-(25) of the form
ui(y, z) =ui1(y) cos mz

vi(y,z) =vu(y) cos iz
1 .

wi(y,z) = —— v'u(y) sinmz (28)
V4

p1(y,z) = p1i(y) cos mz
T1(y,z) = T1(y) cos nz

where the v'11(y) denotes the differentiation with respect to y. The expressions for v1(y, z) and wi(y, z) have been selected
so that the equation of continuity (22) is satisfied. Substituting these expressions (28) into (24) and (25) and solving these
under transformed boundary conditions (27) :

, , 1 " 2y R
_m,llz_pll+R[V11_7[ Vih _K [Vn_a]
0 (29)

a 1) v ' R
V="t T AW (Vg (30)
V2 Rl =« Ko7

Eliminating the terms p1v and p11 in equations (29) and (30), we get

2_2
~ 272'2:|V1”1 +aRm?v;, — [ Rz

0

R’7’a

+ 7r4}vll +———=0
Ko (31)

R 2
Vii +Rawvyj {—
0

Substituting the following finite difference formula
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v, (i) =
11( ) 2h
v (i) = v,,(i+1)— 2vr1]12(|) +v,,(i—-1)
vir (i) = v, (1+2)-2v,(i+D)+2v,(i-1)—v,(i—-2)
11 2h3
vir (i) = v, (1+2)—4v,,(i+1)+6v,(1)—4v,(i-D)+v,({-2)
11 -

h4

Put above results in equation (31), we get

2h*7°Ra B

AV (E+2) = Ay, (1T +1) + Agvy, (i) = AV, (=) + Ay, (1= 2) + K

0 (32)

Where A; =2+ aRh
(p2
A, =8+ 2Rh — 2h? R——zﬂz}am’-’hs

0

2 ] 2_2
A3=12—4h{i——2n2 —Zh{RK” +ﬁ4}

0 0

2
A, =8—2aRh+2h2(E——27r2)+aR7r2h3

0

As=2-aRh

Similar finite difference formulae for equation (23) and (25)

A1 =u11(i+1) - Biui1(i) + Asu11(i-1) = B(i) (33)
D1T11(i+1)-D2T11(i) + D3T11 (i-1) = F(i) (34)
D; = 2+RPrh

D; = 4+2m2h2

D3 = 2-aRPrh

D(i) = 2(hRPr)?v11(i) e-RPrih
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0

B, :4+2h{7r2 +i}
K

2h?R%e™

B(i)=v,,e™ -
(i) =vi, <,

F(i) = RPrv,,2h2|(L+ M)e =™ —Me*™ |- 2EPruy,(1-e™)

Equations (32) ,(33) and (34) have been solved by Gauss-seidal iteration method for velocity and temperature.To prove
the convergence of finite difference scheme, the calculations are carried out slightly changed value of h .Smaller change is
observed in the value of velocity and Temperture. Thus , it is concluded that finite difference scheme is convergent and

stable.
SKin friction

Now we discuss the important characteristics of the problem skin friction component in the x*-direction in the wall non-

dimensional form are given by

7! v [duo) 1 (duoj 1 [du11 j
7, = - | =0 T, =—| —2| +—¢& —tcosm
puUV VL dy ) R{dy ), R dy y=0 (35)

Rate of heat transfer

The rate of heat transfer i.e heat flux at the surface in terms of Nusselt number(Nu) is given by

q, k [8Tj 1 {dT " }
Nu = = — | =—|—+¢&—=c0smZ
pve, (T, -T,) pve,Lldy) , Rprldy  dy y=0 (36)

Results and discussion

The velocity of the flow field found to change with variation of suction parameter o , permeability parameter K and

Reynolds number R. The effect of permeability of medium on velocity of flow is shown in Figure 1.
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Figurel: velocity profile against y for different values of Kwith R=1, pr=0.71 ,K=1,e = 0.2 and z=0.

© 2019,IRJET | ImpactFactorvalue:7.211 | 1SO09001:2008 Certified Journal | Page 4780



’,/ International Research Journal of Engineering and Technology (IRJET) e-ISSN: 2395-0056
JET Volume: 06 Issue: 05 | May 2019 www.irjet.net p-ISSN: 2395-0072

1.5 E T T C C C C T T T

* alpha = 1
05 + alpha = 2
--alpha=5
- i
_15 C r r r r r r r r r

T T T T T T T T T
1.2 §
1‘_ Lo L L L L L L L L\ I T O O O A R | -L—‘ Lol "‘L—‘L"L-‘L"L—‘L*.-
RN R S S
+‘f‘ %jtc_%_ﬁtcjt?
0.8+ = i
+ %_4'5?
o
L
s 0.6F ;{? -
f * R=1
04 ¥ + R=1.5 i
- * --R=2
=S
0.2 §
%
O -
_02 r r r r r r r r r
0 0.5 1 1.5 2 2.5 3 3.5 4 4.5 5
y

Figure3: velocity profile against y for different values of R with a=0.2 ,K=1,e = 0.2 and z=0

It is also observed that the variation in the temperature of the flow field is due to suction parameter a and Reynolds
number R. Also, increasing suction parameter (a) results a decrease in temperature.

SKkin friction

The variations in the value of x component of the skin friction at the wall for different values of a and K given in Tablel. It
is observed that permeability parameter K decreases skin friction. The increasing the suction parameter (o) there is
enhancement in the skin friction at the wall.
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Tablel: x component of skin friction 7, against « for different values of KwithR=1,

a=0.2,e=0.2
K=0.2 K=1 K=5
a T, T, T,
0 2.404 1.0466 0.5602
0.2 2.506 1.1465 0.5708
0.5 2.669 1.3263 0.8623
2.0 3.637 2.4485 2.1101

Rate of heat transfer

The rate of heat transfer at the wall is calculated in terms of Nusselt number (Nu) for different values of a and K in the
table2.It is observed that increasing suction parameter o heat flux at the wall grows and effect is reverse on increasing of
permeability parameter K.

Table2: Rate of heat transfer(Nu) against a and different values of KwithR=1,Pr=0.71,a=0.2,

E=0.01ande=0.2

a K=0.2 K=1 K=5
0 0.0114 0.005 0.003
0.2 0.2003 0.1931 0.1869

Conclusion:
e The effect of permeability is medium on the velocity of the flow field .
e Increasing suction parameter results decrease in temperature.

e The permeability parameter decreases x-component and increase the magnitude of z-component of skin
friction at the wall. On the other hand growing suction parameter increases skin friction.

e A growing suction parameter enhance the rate of transfer and effect is reverse on increasing skin friction.
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