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Abstract-The non-Darcian effects, which include the inertia, boundary and convective effects, on the flow 
and vortex instability of a horizontal natural convection boundary flow in a high-porosity medium are 
examined In the base flow, the governing conservation equations are solved by using a suitable variable 
transformation and employing an implicit finite-difference scheme developed by Keller. The stability 
analysis is based on the linear stability theory, and the resulting equations are solved on the basis of the 
local similarity approximations. The results indicate that all of these three effects reduce the heat transfer 
rate. In addition, the combined boundary and convective effects stabilize the flow to the vortex mode of 

disturbance, while the inertia effect destabilizes it. 

1. INTRODUCTION 

THE PROBLEM of the vortex mode of instability in 
natural convection flow over a horizontal or an 
inclined heated plate in a saturated porous medium 
has recently received considerable attention [l-5]. 
This instability mechanism is due to the presence of a 
buoyancy force component in the direction normal to 
the plate surface. Hsu et ~2. [l], and Hsu and Cheng 
[2] analysed the vortex mode of instability of hori- 
zontal and inclined natural convection flows in porous 
media. Reference [3] re-examined the same problem 
for an inclined plate, where both the streamwise and 
normal components of the buoyancy force are 
retained in the momentum equations. Therefore, ref. 
[3] provides new vortex instability results for small 
angles of inclination from the horizontal (4 < 30”) and 
more accurate results for large angles of inclination 

(4 > 30”) than the previous study [2]. Reference [4] 
studied the vortex instability of horizontal natural 
convection in porous media resulting from combined 
heat and mass buoyancy effects. Reference [5] also 
examined the effects of density extremum on the vor- 
tex instability of an inclined buoyant layer in porous 
media saturated with cold water. All of these works 
are based on the Darcy formulation. However, at a 
higher Rayleigh number or in a high porosity medium, 
there is a departure from Darcy’s law and the inertia 
(velocity-squared term), boundary (no-slip condition) 
and convective (development term) effects not 
included in the Darcy model may become significant. 

The earliest non-Darcy flow model for the inertia 
effect is that proposed by Forchheimer [6]. Plumb 

t Author to whom correspondence should be addressed. 

and Huenefeld [‘7l studied the inertia effect in free 

convection from a vertical plate embedded in a porous 
medium based on Forchheimer’s model. Bejan and 

Poulikakos [8] reconsidered the problem and pre- 
sented boundary layer solutions for the intermediate 

and non-Darcy flow regimes to supplement the 
boundary-layer analysis of Cheng and Minkowycz 
[9] for Darcy’s law. Their results indicate that 
the heat transfer rate decreases when the flow 
regime changes from Darcy to non-Darcy. 

Brinkman [lo] and Chan et al. [l l] argued that 
the momentum equation for porous media flow must 
reduce to the viscous flow limit and advocated that 
classical frictional terms be added in Darcy’s law as 
the permeability is high. This is known as the 
Brinkman model. The Brinkman model was used by 
Hsu and Cheng [12] to study the natural convection 
about a semi-infinite vertical flat plate in a porous 
medium, by Tong and Subramanian [13] and by 
Vasseur and Robilland [14] to study the natural con- 
vection in a vertical porous enclosure. It was also used 
by Katto and Masuaka [15] as well as by Walker and 
Homsy [ 161 for the studies of onset of free convection 
of liquids in a porous medium bounded between 
parallel plates and heated from below. 

Vafai and Tien [17] investigated the inertia and 
boundary effects in forced convection over a hori- 
zontal plate based on the volume averaging technique. 

An error map on the basis of numerical results has 
been presented to illustrate the domain of applicability 
of Darcy’s law. Evans and Plumb [ 181 have examined 
the problem of natural convection about a vertical 
plate numerically based on Brinkman’s model with 
the addition of convective terms. The signticance of 
the boundary, convective and inertia effects on natural 
convection from a vertical flat plate embedded in a 
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NOMENCLATURE 

u dimensional spanwise wave number x, 4’, ; axial, normal and spanwise 
C inertia coefficient coordinates. 
Da, Darcy number, K/.x2 

.f dimensionless stream function 
F dimensionless disturbance stream function Greek symbols 

amplitude effective thermal diffusivity 

Fr Forchheimer number, 5g~AKS~2c2/v’ ; coefficient of thermal expansion 

9 gravitational acceleration E porosity 

G Gr,/5 : parameter, l/D, G” 5 

Gr local Grashof number, g,5ATx3/vL pseudo similarity variable 

k dimensionless wave number, UX/G’!~ ; dimensionless temperature, 

K permeability (T- T,)/(T,- T,) 

m exponent on wall temperature relation 0 dimensionless disturbance temperature 

Nu, local Nusselt number amplitude 

P motion pressure p, v absolute and kinematic viscosity 

P’ perturbation pressure P density 

Pr Prandtl number II, stream function 

Q dimensionless disturbance velocity in the $’ disturbance stream function 

x-direction I+? disturbance stream function amplitude. 

T temperature 
T perturbation temperature 
i= disturbance temperature amplitude 

Subscripts 
W condition at the wall 

ii x-direction disturbance velocity amplitude X condition at the free stream. 
u, v, w volume averaged velocity in the x-, 

y-, z-directions 
u’, v’, M?’ disturbance velocity in the x-, y-, Superscript 

z-directions * critical condition. 

high-porosity medium is investigated by Hong et al. 

[19]. However, the non-Darcian behaviour on the 
vortex mode of instability in a porous medium seems 
not to have been investigated. This motivated the 
present investigation. 

The purpose of this paper is to examine the inertia, 
boundary and convective effects on the vortex insta- 
bility of a horizontal natural convection flow in a 
high-porosity medium. In the main flow, the bound- 
ary layer approximations are invoked, and the result- 
ing governing equations are solved by using a suitable 
variable transformation and employing an efficient 
finite-difference method similar to that described in 
Cebeci and Bradshaw [20]. The stability analysis is 
based on the linear stability theory. The disturbance 
quantities are assumed to be of the form of a station- 
ary vortex roll that is periodic in the spanwise direc- 
tion, with its amplitude function depending primarily 
on the normal coordinate and weakly on the 
streamwise coordinate [2]. The resulting eigenvalue 
problem is solved by using a variable step-size sixth- 
order Runge-Kutta integration scheme incorporated 
with the Gram-Schmidt orthogonalization procedure 
[21] to maintain the linear independence of the eigen- 
functions. 

2. MATHEMATICAL FORMULATION 

The physical model considered in this paper consists 
of a semi-infinite, horizontal plate, with a power law 

variation of wall temperature, i.e. T, = T,,+Ax” 
(where A and m are constants), embedded in a porous 
medium ( Tm). The x and z coordinates are placed on 
the horizontal surface and the y coordinate is per- 
pendicular to the surface and points toward the 
porous medium. In order to study transport through 
high-porosity media, the original Darcy model is 
improved by including inertia, boundary and con- 
vective effects using volume-averaged principles and 
empirical results [17]. In addition, if we assume that : 
(1) properties of the fluid except for the density term 
that is associated with the body force are constant. 
(2) the porous medium is everywhere isotropic and 
homogeneous, and (3) the Boussinesq approximation 
is employed, then the conservation equations become 

v*u=o (1) 

$VU = -Vp+pgp(T-T,).j 

u*VT= aV’T (3) 

where K and C are the permeability and the inertia 
coefficient of the porous medium; j the unit vector 
opposite to gravity ; CL the effective thermal diffusivity 
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of the medium, and p the motion pressure. The other 
various symbols are defined in the Nomenclature. 

Before proceeding to the instability problem, con- 
sideration is given first to the basic natural convection 
flow along a horizontal surface, since the computation 
of instability criteria requires a knowledge of the vel- 
ocity and temperature profiles for the main flow and 
the solution has not been investigated before. 

2.1. The main jlow and thermaljelds 
By applying the boundary layer assumptions for 

the two-dimensional flow, the governing equations, 
equations (l)-(3), become 

aU+d”,0 
ax ay (4) 

0 = ,og/?(T- Ta)- $ 

aT ar a=T 
uax+uay=CIayZ. (7) 

The streamwise pressure gradient in equation (5) 
induced by the buoyancy force can be related to the 
temperature difference through equation (6) as 

s O” (T- T,) dy. (8) 
Y 

These are subjected to the following boundary con- 
ditions : 

y = 0, u=v=o, T= T,+Ax” 

y-00, u = 0, T= T,, (9) 

We introduce the following transformations : 

r/(x, y) = ; Gli5, r = 5(x) 

(10) 

where G = GrJ5 and Gr, = gj3ATx3/v2 is the local 
Grashof number. $ is the stream function which auto- 
matically satisfies continuity equation (4). The co- 
ordinate r(x) is so chosen that x does not appear 
explicitly in either the transformed equations or the 
transformed boundary conditions. 

Substituting equations (10) into equations (4k(8), 
we obtain 

f_Y+ ~{(m+3)_fY-(2m+~)f”)--~f 

W’-SmPrf’B+(m+3)PrfB’ 

= (4-2m)Pr*[y$ -R.$] (12) 

and the transformed boundary conditions are 

f(L0) = 0, f’(5,O) = 0, @(LO) = 1 

f’(5, a) = 0, ec5, a> = 0. (13) 

In the foregoing equations, primes denote partial 
differentiation with respect to q 

Fr = (5g/?AK”2c2)/v2 

is the Forchheimer number expressing the relative 
importance of the inertia effect, and Pr the Prandtl 
number. 5 is found to have the expression 

t(x)=&x.,~; )2/5 (14) 
w 4, 

where Da, = K/x2 is the local Darcy number. The par- 
ameter, l, characterizes the local vigour of the flow 
(AT = T,-- T,), the distance along the plate from the 
leading edge (x), and the permeability (K) of the porous 
medium. As x increases or AT, K decrease, the value of 
c(x) increases. It is noted that Darcy’s law corresponds 
to the case of 5 + cc (i.e. K -+ 0) with Fr = 0. 

In terms of new variables, it can be shown that the 
velocity components and local Nusselt number are given 

by 

V= - $G”’ (m+3)f+(4-2m)6$+(m-2)tlf 1 
Nu, = -CII’(~,O)G”~. (15) 

2.2. The disturbanceflow 
In the usual manner for stability analysis, the 

velocity, pressure and temperature are assumed to be 
the sum of a mean and fluctuating component, here 
designated as barred and primed quantities, respec- 
tively. We assume that the derivatives of the per- 
turbation quantities with respect to x may not be zero. 
Hence, the perturbed flow can be represented as 

u(x, y, z) = ii(x, Y) + u’(x, Y, z> 

V(X,Y,Z) = ~(x,Y)+v’b-,Y,z) 

w(x, Y, 4 = W’(& Y, 4 

T(x,Y, 4 = T’(x, Y) + T’b, Y. 4 

P(x, Y, 4 = &x3 y> + p’(x, Y, 4. (16) 

After substituting equations (16) into the governing 
equations for the three-dimensional convective flow 
in a porous medium, subtracting the parts satisfied by 
the base quantities, and linearizing the disturbance 
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quantities, we arrive at the following equations for 
the disturbances : 

I 
=_p_luf i?p’ 

ax K 

P ab ad a6 ad 
2 

u'-+11-+fv'-+~_ =_.-_t!',f 
ax ax ay ay I 

apr 
ay K 

(19) 

aT _aT ar aT 
Cjyfv-+24-+ll- 

ay ax ay 

=s( ET+E+!g (21) ( ZY2 ay? '1 

Following the method of order-of-magnitude 
analysis prescribed in detail by Hsu and Cheng [2], 
the terms auf/ax, av/aX2, a2djax2, a2wfjax2 and 

a2T’/ax2 in equations (17)-(2 1) can be neglected. The 
omission of &‘/ax in equation (17) implies the exist- 

ence of a disturbance stream function $’ such that 

, a*’ 
w=w 

a$' v1=-- 
aZ (22) 

We assume that the three-dimensional disturbances 
are of the form 

(ti’, u’, T’) = bb(X,Y), qTY)> %Y)l 

x exp (iaz+ y (x)) (23) 

where a is the spanwise periodic wave number, and 

y(x) = 
s 

q(x) dx 

with a,(x) denoting the spatial growth factor. For the 
lowest order approximation y (x) = CI, * x [2]. It is noted 
that the amplitudes of the disturbance are assumed 
functions of both x and y, in contrast to the parallel 
or quasi-parallel flow model wherein the amplitudes 
of the disturbance are functions of y only. Setting 

x, = 0 for neutral stability yields 

124) 

(25) 

(26) 

Equations (24)(26) are solved based on the local 
similarity approximations [2], wherein the dis- 
turbances are assumed to have weak dependence in 
the streamwise direction (i.e. a/8( << a/&J). Letting 

P @ = cr,_r, j (27) 

we obtain the following system of equations for the 
local similarity approximations : 

- t’,(B,Q+(2~1+l)Big--BzQ’} 

= km’Gm “‘[(4m-3)F”‘+(m-2)qF”“] 

+<k ‘G- “5[(2m+ l)F’+(m-2)@“‘] 

+kG-“5[(2m-I)F’+(m-2)i$“] 

+ ${25kG- “SB,F-km’Gm ’ 5B,[(2m+ 1)F 

+(m-2)@“‘]+k~‘G~~‘~5(m-2)B,[(4m+2)F 

+ (Sm- 5)7yF’+(m--2)~*F”‘] 

+k~‘G~‘~5(m-2)B,F”+k~‘G~‘~5B,[(3m-l)F” 

+ (m -2)qF”‘]} (28) 
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+-2kT~+k’Fj+ ${(m+3)B,kZF-B,k’F 

- B,k*F’- (2m + l)B,P’ - (3m - l)B3F” + B,$” 

_@“‘+@7= kG”s@+ l(m-2) __ kG- “‘B&I 
&2 25 

(29) 

W-k20-5mPrB,O+B,PrO’ 

= B8 PrQ+5PrkG”5B,F (30) 

with the boundary conditions 

F(0) = F’(0) = Q(0) = O(0) = 0 

F(a) = F’(a) = Q(a) = @(co) = 0 (31) 

where primes indicate derivatives with respect to q. 
Equation (31) arises from the fact that the dis- 
turbances vanish at the wall and in the free stream in 
the porous medium. The coefficients B,(q)-B,(q) in 
the equations can be expressed as 

B, = (2m+l)f’f(4-2m)5g +(m-2)qf” 

af 
Bz = (m+3)j-+(4-2m)+ 

B, =f 

B, =f” 

B5 = (m+3)~-10~~+(3m-1)~~+4(m-2)5’~ 

af 
-4(m-2)~C~ +(m-2)q’Y’ 

af 
B, = (2m+ l)f’+(4-2m)tz 

B7 = (m+3)f+(4-2m)tTg+(m-2)qf 

B =me+ (4-W ae (m-2)‘1ef 
8 5 Gq+ 5 

B, = 0’. (32) 

Equations (29~(3 1) constitute a fourth-order sys- 
tem of linear ordinary differential equations for the 
disturbance amplitude distributions Q(q), F(q) and 
O(q). For fixed Pr, E, m, Fr and { the solutions Q, 
F and 0 are eigenfunctions for the eigenvalues G 
and k. 

3. NUMERICAL METHOD OF SOLUTION 

The system of equations (1 1 )-( 13) was solved by an 
efficient and accurate implicit finite-difference method 
similar to that described in Cebeci and Bradshaw [20]. 

The details are omitted here. In the stability calcu- 
lations, the disturbance equations are solved by 
separately integrating four linearly independent 
integrals. The full equations may be written as the 
sum of four linearly independent solutions 

Q = Q~+&Qz+~~Q,+D~Q~ 

F= F,+D,Fz+D3F,+D,F, 

0 = 0,+D202+D303+D404. (33) 

Four independent integrals (Qi, 4, O,), with i = l- 
4 may be chosen so that their asymptotic solutions 
are 

Q, =O, I;, = E, e”lq, 0, = e”lq 

Q2 = eHz4, F2 = E2eHd, O2 = 0 

Q3 = 0, F, = e-kq, o,=o 

Q4 = 0, F4 = eHzs, 04=o (34) 

where 

H 
L 

= -B2 Pr-J((B2 Pr)2+4k2) 

2 

H 
z 

= -Bz/E--J((BA2+4(~~+k2)) 

2 

E, = &kG”’ H’: + 2 H; - (2k2 +E<)# 

- $ k2H, + (l&k2 + k4) 1 
(m-2)kG-,,5B 

258 
5 

E2 = 

4H;-2(2k2+~~)H2+3$H;- $k2 
. (35) 

Equations (2+0--O) with boundary conditions, equa- 
tions (31), are then solved as follows. For specified 
Pr, E, m, Fr, 5 and k, G is guessed. Using equations 
(34) as starting values, the four integrals are integrated 
separately from the outer edge of the boundary layer 
to the wall using the sixth-order Runge-Kutta vari- 
able size integrating routine incorporated with the 
Gram-Schmidt orthogonalization procedure [21] to 
maintain the linear independence of the four eigen- 
functions. The required input of the base flow to the 
disturbance equations is calculated, as necessary, by 
linear interpolation of the stored base flow. From 
the values of the integrals at the wall, D2, D, and D4 

are determined using the boundary conditions 
Q(0) = F(0) = O(0) = 0. The fourth boundary con- 
dition F’(0) = 0 is satisfied only for the appropriate 
value of the eigenvalue G. A Taylor series expansion 
of the fourth condition provides a correction scheme 
for the initial guess of G. Iterations continue until the 
fourth boundary condition is sufficiently close to zero 
(typically < lo-‘). 
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4. RESULTS AND DISCUSSIONS 

In order to generalize, we have formulated the 
governing equations to permit the calculation of the 
power law variation of wall temperature. The results 
presented here are only for the case of an isothermal 
surface case, i.e. m = 0. Moreover, the Prandtl 

number, Pr, and the porosity, E, are set equal to 0.72 
and 0.98, respectively. 

Figure 1 shows the effects of 5 on the dimensionless 
tangential velocity profile across the boundary layer 
for Fr = 20 and 0. The solid lines denote the results 
for the case when the inertia, boundary and convective 
effects are all included (Fr = 20). The dashed lines 
denote the results when the inertia effect is completely 

neglected (Fr = 0), i.e. only the boundary and con- 
vective effects are included. It is shown that, as would 
be expected, the dimensionless tangential velocity 
decreases with increasing values of 5 ; that is, the tan- 
gential velocity decreases with decreasing values of K, 
for a given value of .Y and AT. It is seen that, as the 
value of 5 is large (5 = 20), the velocity profile looks 
similar to that obtained from slip boundary assump- 
tions. It is also seen that the inertia effect decreases 
the maximum tangential velocity and thickens the 
velocity boundary layer. This is because the form drag 
of the porous medium is increased when the inertia 
effect is included. The results also indicate that the 
inertia effect can be neglected as the value of 5 is small. 

The variations of the dimensionless normal com- 
ponent of velocity across the boundary layer are plot- 

ted in Fig. 2 for several different values of 5. It is shown 
that the dimensionless normal component velocity is 
positive (i.e. an outflow) near the surface and negative 
(i.e. an ordinary entrainment effect) in the outer 
region. In fact, this unusual phenomenon of ‘inner 

region normal velocity component reversal’ is com- 
mon to all buoyancy-induced flows adjacent to hori- 
zontal surfaces [22]. It is also seen that as 5 increases, 
the inner region of the normal velocity component 
reversal increases. In addition, this reversal region is 
thicker when the inertia effect is included. 

Representative temperature profiles for different 

values of 5 and for Fr = 20 and 0 are shown in Fig. 3. 
As can be seen from this figure, as 5 increases, the 
temperature boundary layer thickness increases. 
Furthermore, the inertia effect tends to thicken the 
thermal boundary layer. 

Numerical solutions of - Q’(& 0) vs r are shown in 

Fig. 4 for four cases considered, that is, Darcy’s 
model, pure boundary effect, combined boundary and 
convective effects (i.e. Fr = 0, here called two effects) 
and combined inertia, boundary and convective 
effects (here called three effects with Fr = 20). It is 
seen that Darcy’s solution overpredicts the heat trans- 
fer rate and is valid only for large values of <. Com- 
pared with the solution of the pure boundary effect 
with that of two effects, it is found that the convective 
effect is only important if 5 < 2.5. Moreover, com- 
pared with the two effects with the three effects, it is 
seen that the inertia effect reduces the heat transfer 
and its effect is more pronounced when 5 > 0.6. 

0.28 

___ boundary, convective and 1 n ---- Inertia(Fr=20) effects i.rrkM 

boundary and convective(Fr=0) 
included 

0 

0 2 4 6 a 

ri 

FIG. 1. Dimensionless tangential velocity distribution across the boundary layer as a function of ( 
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Fr = 
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-2 [ 
I I I I I I I I I 

0 2 4 6 a 10 
rl 

FIG. 2. Dimensionless normal velocity distribution across the boundary layer as a function of 5. 

0.5 - 

0 

1 

Fr = 20 

- - --Fr=O 

1 
0 2 4 a 

n 
FIG. 3. Dimensionless temperature profile across the boundary layer as a function of 5. 



536 W.-J. CHANG and J.-Y. JANG 

1.5 

1.4 

1.2 

1 

0.8 

-8’ (5,O) 

0.6 

0.4 

0.2 

0 

6.3x104 

lo4 

103 

G 

IO3 

25 

three effects (Fr=ZO) 

\ -.,---two effects (Fr=O) 

\ -------pure boundary effect 
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0.1 0.5 1 5 10 50 100 

FIG. 4. -@'(&O)vs 5 for four cases considered 

two effects 

.Darcy's law 

\ / 
\ . 

/ 
\ , 

\ r, 

. 1 
. 

- H 

I I II 11 f f 11 1 ’ 11 1 
0 1 2 3 3.2 

k 

FIG. 5. Comparison of the neutral stability curves between Darcy’s model and the two effects for selected 
values of 5. 
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- three effects (Fr = 5 ) 

_--- two effects (Fr = 0) 

IO3 

1.6x10 I I I I 1 I I I I I I 

0 0.2 0.4 0.6 0.8 1 1.2 

k 

FIG. 6. Comparison of the neutral stability curves between the two effects and the three effects for selected 
values of l. 
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lo4 

lo3 

G* 
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-- three effects (Fr = 5 ) 

-------two effects 

-- - - -Darcy ’ s law 
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5 

FIG. 7. The critical Grashof number as a function of r for Darcy’s model, two effects and three effects. 
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Therefore, it is concluded that, when Q is small, the 
discrepancy between the Darcy and non-Darcy model 

is primarily due to the boundary and convective 
effects, while as the value of r increases, it is primarily 
due to the inertia effect. 

Figure 5 shows the comparison of the neutral 
stability curves between Darcy’s model and the two 
effects (Fr = 0) for selected values of 4. Note that the 
case of Darcy’s Jaw for a horizontal surface was 
considered by Hsu er al. [ii]. To facilitate such a 
comparison, it is necessary to transform Darcy’s 
model result [I] to (5, q) coordinates such that 

where subscript D denotes Darcy’s solutions and ND 
denotes non-Darcy’s solution. It is shown that as t 
decreases, the two sets of neutral stability curves devi- 
ate more. On the other hand, for { up to 20, these two 
sets of soiutions differ very Iittle. A comparison of 
the neutral stability curves between the two effects 
(Fr = 0) and the three effects (Fr = 5) is plotted in 
Fig. 6. It can be seen that when the inertia effect is 
included, the neutral stability curves shift downward, 
indicating a destabilization of the ffow to the vortex 
instability. 

The critical Grashof numbers (GT,~/~), which mark 
the onset of longitu~nal vortices, are plotted as a 
funct,ion of c in Fig. 7 for Darcy’s modeI, two effects 
(Fr = 0) and three effects (Fr = S), respectively. When 
Darcy’s model and two effects are compared, it is 
found that the combined boundary and convective 
effects stab&e the flow. and these two sets of solutions 
merge only when 5 is very large (;I > 30). Compared 
with Darcy’s model and the three effects, it is seen 
that, as 5 < 6, the critical Grashof numbers of the 
three effects are larger than those of Darcy’s model, 
and as 4 decreases the discrepancy increases. 
However, as 5 > 6, the critical Grashof numbers of 
Darcy’s model are larger than those of the three 
effects, This is because as 5 is small, the stabilizing 
effect (due to the viscous force and convective term) 
dominates the destabilizing effect (due to the inertia 
force>. Therefore, the three effects predict the flow is 
more stable than Dar@ model does. As the value of 
5 increases, the destabilizing effect due to the inertia 
force is more pronounced. Thus the flow predicted by 
the three effects is less stable than that predicted by 
Darcy’s model. 

5. CONCLUSION 

The non-Darcian e%cts on the vortex instability of 
a horizontal natural convection boundary layer in a 
saturated high-porosity medium have been examined 
by a linear stabiiity theory. The numerical results 
demonstrate that the inertia, boundary and con- 
vective effects ail reduce the heat transfer rate. The 
combined boundary and convective effects tend to 
stabilize the fiow- and are more pronounced when g 

is small, while the inertia effect tends to destabilize the 
flow and becomes more significant as the value of c is 
increased. 
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EFFETS NON-DARCIENS SUR L’INSTABILITE TOURBILLONNAIRE D’UN 
ECOULEMENT HORIZONTAL DE CONVECTION NATURELLE DANS UN 

MILIEU POREUX 

R&m&On examine les effets non-darciens, en incluant l’inertie, les effets convectifs et de frontidre, 
sur l’instabilitk d’un tcoulement horizontal de convection naturelle dans un milieu trbs poreux. Dans 
l’6coulement de base, les 6quations de bilan sont r&solues en utilisant une transformation de variables 
et en employant un schema implicite aux diffkrences finies d&velopp& par Keller. L’analyse de stabilitk est 
fond&e sur la thtorie lineaire de stabilitk et les equations qui en rksulte sont rksoluent B partir d’approxi- 
mations de similitude locale. Les rksultats montrent que tous les trois effets rkduisent le transfert de 
chaleur. De plus, les effets combin& convectifs et de frontibre stabilise l’&coulement vers le mode tourbil- 

lonnaire de perturbation, tandis que l’effet d’inertie le stabilise. 

NON-DARCY-EFFEKTE AUF DIE WIRBELINSTABILITAT IN EINER HORIZONTALEN 
NATURLICHEN KONVEKTIONSSTRbMUNG IN EINEM PORt)SEN MEDIUM 

Zusannnenfassung-Die Non-Darcy-Effekte, wie z. B. Trgghheits-, Rand- und konvektive Effekte, auf 
die Striimung und Wirbelinstabilitlt in einer horizontalen natiirlichen Konvektionsstriimung in einem 
hochporijsen Medium werden untersucht. Fiir die HauptstrGmung werden die Erhaltungsgleichungen mit 
einem geeigneten Variablen-Transformations-Verfahren und einem impliziten Finite-Differenzen-Ver- 
fahren von Keller gel&t. Die Stabilititsanalyse beruht auf der linearen Stabilititstheorie, die sich daraus 
ergebenden Gleichungen werden mit ijrtlichen Ahnlichkeitsantitzen gel&t. Die Ergebnisse zeigen, daD alle 
drei genannten Effekte den Wgrmeiibergangskoefienten verringem. Weiterhin stabilisieren die kom- 
binierten Rand- und Konvektions-Effekte die Striimung beziiglich der Wirbelinstabilitiit, w&rend die 

Triigheitseffekte einen destabilisierenden EinfluB haben. 

3ABHCWMOCTb BHXPEBOn HEYCTOftrIklBOCTW I-OPM30HTAJIbHOI’0 
ECTECTBEHHOKOHBEKTHBHOrO TEgEHWII B IIOPMCTOR CPEaE OT 3wEKTOB, 

HE CBIISAHHbIX C 3AKOHOM &4PCM 

iitW---wcCne~yeTCll BJlEfiHHC IiaTcllel5ie II BHX~ByloHeyCTOii'IHBOCTb~OpH30HTUlbHO~OeCTeCT- 

~~~0~0H~t~'ll1~~0~0n0~~0roTe~eH~BnbI~~onop~~o9cpeneTa~xHecBn3aHHbotc38I0~0~ 

AapcH 3t#@enos, xaK HHC~WOH~~I~, rpzumme E KoHBermBHble. Onpene~~muuie ~~-HCHH~ mn 

OCHOBHOTO TeYCHHI pMll~TCff C nOMOIlIbK)COOT~B~~spe06pa30~~nepeMerrHbutHpa3pa- 

6OTaHHOii KCJIJXpOM HCKBHOii KOHC’tHO-pa3HOCTEIOii CKCMbI. lblJIE3 yCTO#WiBOCTH BbIIIOJIHCH B JlEHCii- 

HOM ~H6nHXeHHH, a IIOJlJ’WHHhlC )‘pKEWHHK Lola KO3M)‘lUd PCIIIKIOTCK Ha OCHOBe JlOKUlbHOrO 

npe06pa3o~a~w non06m. Pe3ynbTam IM)K~~wT,,~T~ ice 3~n TpH 3##esTa ~HBXBK)T =H~B- 

mmb TCITJIO~G~H~W. Kpo~e Tore, cMema?mbte I-~KHHWISC H KOIIIICITEBH~IC ~@#ICKTY cra6H~m3~pym 

TCWHHe OTHOCHTCnbHO BaXpeBbXx BO3M~~ B TO BpebUl KKK EHepJJHOHHYii 3@l#W BY3YBaeT CT0 

aema6Hmmum. 


