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Abstract-An experimental investigation of natural convection in liquid saturated confined porous 
medium has shown that the mode and intensity of convective motions are affected by the angle of 
inclination of the medium and certain properties of the saturating fluid. In systems investigated natural 
convection started at a Rayleigh number less than that predicted by the linear theory (i.e. Ra cos B = 4n2) 
and the maximum level of convective motion was attained when the heated side of the cell was at an 
angle of 10 degrees from the horizontal. As the angle of inclination was increased further to 20 and 

30 degrees, the convection patterns approached unicellular configuration. 

Roman letters 

NOMENCLATURE 

heat capacity [m2/s2”K]; 
gravitational acceleration, = 9.807 [m/s’]; 
heat transfer coefficient [kgLj”C s”] ; 
permeability [m’]; 
characteristic length (normal distance between 
the two isothermal surfaces of the cell); 

Nu, Nusselt number [dimensionIess]; 

Ra, Rayleigh number [dimensionless]; 

T, temperature [“Cl; 

AT,, r, - To [‘Cl. 

Greek letters 

B> coeflicient of thermal expansion [“C’j; 

0, angle of inclination with the horizontal [“I; 

Pt density [kg/m3]; 

*, thermal conductivity [kg/“C s3]; 

& fluid viscosity [kg/m s]. 

Subscripts 

A fluid; 

h, at the hot surface; 

; 
sold-fled mixture; 
at the cold surface (reference surface); 

s, solid; 

x, in the direction of x. 

*Present address: C. Itoh and Company Ltd., Crude 
Exploration Team, Energy Development Department, 4-2 
chome, Hon-cho, Nihonbashi, Chuo-ku, Tokyo, Japan. 

Dimensionless numbers 

Nu, Nusselt number, = 3 ; 
A 

1. INTRODUCTION 

NATURAL convection occurs frequently as a result of 
density inversion caused by either the thermal expan- 

sion of a fluid, or the concentration gradients within 
a fluid system. For a simple physical interpretation 
of convection, one may consider a horizontal layer of 
a viscous Auid in which a temperature gradient is set 
up by heating from below. Convective motions will 
commence in such a system as soon as the vertical 

temperature gradient is greater than a given critical 
value. The buoyancy forces now become strong enough 
to overcome the opposing viscous retardation forces 
within the fluid. A theoretical analysis of this problem 
was first attempted by Lord Rayleigh [14]. He derived 
the dimensionless group: 

subsequently named the Rayleigh number, which deter- 
mines the onset and the magnitude of convective 
motions in a fluid. 

Natural convection can also take place in a porous 
medium saturated with a fluid, when the medium is 
heated from below. Lapwood [13] was one of the 
early investigators to recognize this. In more recent 
years Wooding [17], Elder [7], Karra [12], A&z, Hoist 
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and Karra [I], Combarnous [4], Holst [Xl, Holst and 
Aziz [9, lo], Aziz. Kaneko and Mohtadi [2] and 
Bories [3] have extended the study of natural convec- 
tion in porous media. It has generally been found that 
the conditions necessary for the onset of natural con- 
vection in porous media are somewhat complex, due 

to flow restrictions imposed by the solids. Large 
temperature gradients are normally required to start 
convective currents. Darcy’s law must be used to 
describe flow in porous media and Navier-Stokes 
equations for flow in fluid layers. 

Natural convection on very large scale occurs both 
in the atmosphere and within the earth. The phenom- 
enon has long been of interest to geophysicists, astro- 
physicists, meteorologists and petroleum reservoir 
engineers. In petroleum reservoirs, natural convection 

can occur as a consequence of geothermal gradients, 
thermal stimulation of a reservoir by steam or seg- 
regated forward combustion [5]. In all such situations 

it is highly beneficial to be able to predict the onset of 
natural convection within the reservoir and the con- 
tribution of the convective currents to the transfer of 
heat from one region to another. 

The present investigation was motivated mainly by 
the interest of the authors in the possibility of enhanced 
recovery of petroleum from reservoirs by induced 
natural convection. The paper describes an experi- 
mental study of natural convection in porous media 
where the heated sides are either horizontal or inclined. 
The Rayleigh number was varied within the range 
19-162 by appropriate choice of fluid-solid properties. 

2. PREVIOUS WORK 

An extensive review of literature on natural convec- 
tion in porous media presented recently by Holst [8] 

shows that virtually all past investigators have been 
concerned with convection in horizontal porous media 
for which the temperature gradient and the gravi- 
tational field are co-linear. Very few investigations have 

been carried out on natural convection in inclined 
systems. The only published work covering inclined 
systems appears to be by Dirksen [6] and Bories [3]. 
Dirksen found that when the system was inclined more 
than 10 degrees from the horizontal, convection cur- 
rents became visible at Rayleigh numbers much smaller 

than the critical Rayleigh number for horizontal sys- 
tems. Subsequently, Combarnous [5] obtained heat 
transfer data for inclined porous media systems. A 
mathematical solution of the appropriate mass, energy 
and momentum equations led Holst and Aziz [lo] to 
conclude that the level of convection could depend 
strongly on the angle of inclination. These authors 
also concluded that maximum convection should occur 
at an angle of40’ from the vertical, at Rayleigh numbers 
of 50-60, provided that the aspect ratio is one. 

3. EXPERIMENTAL DETAILS 

(a) The model und the muteriuls 

The experimental model used in the present study 

was, basically, that used by Holst [S] and described 
briefly by Holst and Adz [lo]. It consisted of a 
rectangular box measuring 18 in. x 6 in. x 3 in., con- 

structed from lj2in. thick linen base phenolic plastic 
material with 3,18 in. thick copper plates for the top 
and bottom surfaces to ensure isothermal boundary 
conditions. The model was placed on a plywood 
support base which could be elevated on one side in 
order to give the desired degree of inclination within 
the range O-35 degrees from the horizontal. A sche- 
matic diagram of the model is shown in Fig. 1. 

Flutd wlthdrawal 

FIG. I. Schematic diagram of the experimental model. 
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Uniform heating of the lower surface of the box was electric vibrator. This was done to ensure uniform 
provided by means of electric film heaters. The top packing. After completion of packing, the model was 
surface was fitted with a water jacket for cooling. The saturated with the test fluid, using simple suction 

temperature of the hot (lower) and cold (upper) surfaces technique. Heating of the bottom surface and cooling 

of the box was controlled to within 1005°C by of the top surface of the mode1 was now started 

suitable controllers. Up to 55 thermistor probes simultaneously. The change in temperature of the 

(Fenwal Electronics, type GA44LZ) were embedded at saturating fluid caused a change of its volume. This 

various points in the model and 8 probes were attached was compensated for by provision of an appropriate 

to the outside walls of the model. Each probe was tap on the top surface of the model. For each experi- 
inserted into transparent 5/64in. i.d. PVC sh~nkable ment simultaneous temperature measurements were 

tubing. In order to maintain flexibility and satisfactory made at all thermistor points, at frequent intervals of 

insulation, heat was applied to shrink the tubing to a time. This enabled an accurate knowledge to be ob- 

diameter of approximately 1/16in. The thermistor tained of both the transient and steady state tem- 
probes were calibrated prior to their installation in the perature dist~bution within the system for each series 

model. Figure 2 shows the location of probes and their of experiments. Steady conditions were obtained nor- 

channel numbers. mally, after 4-5 h. The reading, recording and process- 

Copper plate (1) 
I IO 1 

60 27 53 38 34 

I If 51 59 39 40 25 36 

2 13 50 33 37 16 29 52 

7 5 3 14 15 I2 57 41 42 48 35 31 30 

56 4 19 55 43 24 20 

a 17 9 I8 47 45 28 

61 6 58 43 44 

Copper 

Plates (2) 

x Heat - control probe 

54 

40 

Film heaters 

FIG. 2. Location of thermistor probes. 

Heptane and ethanol (Fish& Scientific Inc.-995 
per cent purity) were used as the saturating fluids. The 
choice of heptane and ethanol was based on the fact 
that these liquids werenon-toxic, non-corrosive, readily 
available and had the suitable physical properties for 
the planned experiments. 

Two different grades of silica sands with different 
permeabilities were employed as porous media (sand-A 
14/16 mesh and sand-B 12/14 mesh, both supplied by 
Gopher State Silica Inc.). The sand particles were 
essentially spherical in shape and had a narrow size 
distribution. 

(b) Procedure 

Before an experimental run, the model was pressure 
tested for leaks. Sand was then slowly poured into the 
model while the model was being vibrated with an 

ing of experimental data were done with the aid of a 
Hewlett-Packard data acquisition and reduction sys- 

tem. The central element of the system was an HP21 15A 
digital computer with 8K core capacity. The peripheral 
supporting eq~pment consisted of the following: 

HP291 1 Crossbar Scanner 
HP2402A Digital Voltmeter (DVM) 

ASR Model 33 Teletype Printer 
High Speed Paper Tape Reader 
HP3030 Magnetic Tape Unit. 

A schematic sketch of the experimental apparatus and 
the data acquisition system used is shown in Fig. 3. 
A complete description can be found elsewhere [ll]. 
Detailed analysis of results and plotting of figures were 
carried out on an I.B.M. 360/50 digital computer and 
a Calcomp plotter. 
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Pump 

Film heaters 

t_y$ 

I. Lab line model 3322 fefrlgerator 
2.45 gal. temp control both 
3. U.S.I. model temp. controller 

4. Weston portable standard wottmeter 

5. HP 2911 

6. HP 2402 A 

7 HP2115A 

8. HP 3030 

9 ASR 33 

FIG. 3. Schematic sketch of the data acquisition system 

4. RESULTS 

The results reported in this paper pertain to a total 
of 52 experimental runs. Ethanol was used as the 
saturatingfluidin 29 runs and heptane in the remaining 
23 runs. Sand-A, was chosen as the solid medium for 
17 of the 52 experiments. The angle of inclination was 
varied from 0‘ to 30’, from the horizontal and the 
induced temperature difference between the heated and 
cooled surfaces of the model ranged from 17.2’C to 
57,l”C. 

A number of experiments were carried out to obtain 
conduction heat transfer data for the model using 
different combinations of porous media and saturating 
fluids. In some of these experiments the model was 

heated from the top and cooled from the bottom in 
order to eliminate convection effects altogether. Good 
agreement was obtained between the experimentally 
determined thermal conductivities for the system and 
the predicted values [15]. Figure 4 shows a typical 
steady state temperature distribution map obtained for 
ethanol/sand-A system when the heat transfer was 
entirely by conduction. In this figure the dimensionless 
temperature (TEMP) along two isothermal plates is 
plotted against the dimensionless horizontal distance 
(2) in the model. 

The density, viscosity, specific heat and the coefficient 
of thermal expansion of the saturating fluids changed 
appreciably within the temperature range encountered 
in the model. The reference temperature used in the 
calculation of RayIeigh number was the arithmetic 
mean of the hot and cold surfaces of the model in 
each experiment. 

0 86 

0.63 

0 014 0.43 071 I 00 

Z 

FIG. 4. Steady state temperature distribution for the 
system, ethanol/sand-A. 

(a) Natural convection in horizontal systems 
The results of these experiments were compiled in 

terms of the usual dimensionless groups, namely, the 
Nusselt number and the Rayleigh number. Figure 5 
shows the relationship between the steady state Nusselt 
number and the Rayleigh number for the systems in- 
vestigated. The results for heptane/sand-B system agree 
well with the empirical correlation of Elder [7] i.e. 

Nu=$+lOpercent (I) 

shown as the continuous line in Fig. 5. The Nusselt 
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0 Heptane / sand -6 
5- 
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4- A Ethanol/ sand --B 
d/ 

0 
3- 

Raylelgh number, Ro 

FIG. 5. Nusselt number vs Rayleigh number for horizontal systems. 

I 00 

0 88 
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0.63 

E” 050 

I-” 
0 39 
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0 13 

0 0.14 0 43 0 71 

‘? 

FIG. 6. Effect of AT, on temperature distribution for the 
system, heptane/sand-B (AT, = 40°C). 

number in equation (1) is the ratio of effective con- 
ductivity over thermal conductivity of the system. The 
latter can be determined by experiments in which the 
top plate is heated so as to eliminate convection in 
the system. Figure 5 also indicates a critical Rayleigh 
number of approximately 40( -4~~) which is the value 
predicted from the linear theory [8] and confirmed 
experimentally by Combarnous [4] and others. For 
ethanol/sand systems the critical Ra was substantially 
less than that predicted from the linear theory and 
was around 28. 

Run No. 22 
AT,= 50. Theta =O. Heptane 

0 50 

I! 

P 
0 39 

0 25 

. 

\ 

\ 

0 0 14 0.43 0 71 I 00 

z 
FIG. 7. Effect of AT, on temperature distribution for the 

system, heptane/sand-B (AT, = 50°C). 

The effect of induced temperature difference (AT,) on 
the steady state temperature distribution for heptane/ 
sand-B systemis shown in Figs. 6 and 7. Figure 6 shows 
that a 4-cell convection pattern is established at 
AT’ = 40°C. This 4-cell pattern is very stable. At 
AT, = 50°C (Fig. 7), a 5-cell pattern becomes evident 
but the 5-cell configuration is not very stable. Holst 
[8] obtained similar results, with the same model but 
with a different grade of sand. 

Typical steady state temperature distribution for 
ethanol/sand systems are shown in Figs. 8 and 9. These 
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0 63 4 1-------“-x- P-----“--X--- 

0 50 - 

; 
I-” 0 38 - 

0 25 - 

I I I I I I 
0 0 14 0 43 071 I 00 

FIG. 8. Effect of AT, on temperature distribution for the 

system, ethanol/sand-A (AT,, = 55 C). 

figures correspond to Rayleigh numbers of 45 and 64 
respectively. It can be seen that at these Rayleigh 
numbers there is evidently some convection but the 
change in the Nusselt number, as the Rayleigh number 
is increased from 45 to 64, is very small (significantly 
smaller than the corresponding change predicted by 
equation (1)). This suggests an anomaly. Attempts have 
been made to explain this anomaly in terms of the 
temperature dependency of the fluid medium [4,8, 161 

but the explanations are far from adequate. 

8, 
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: 
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Heptane / sand - 0 

I 00 
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088 - sand =- B 

0 75 ~ 
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x 
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. 
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FIG. 9. Effect of AT, on temperature distribution for the 

system. ethrmol ‘sand-B (AT, = 55 CI. 

The effect of angle of inclination on the mode of 
heat transfer in the systems investigated can be inferred 
with reference to Figs. IO and 11. Figure 10 shows a 
plot of experimentally determined Nusselt number 
against Rayleigh number, for heptanekand-B system, 
with the angle of inclination as parameter. Figure 11 
is a similar plot for ethanol/sand-B system. These 
figures reflect the influence of the angle of inclination 

(O), particularly the change of angle from 0’ to IO’, 

2 3 4 5 6 7 8 9 1~10~ 2 3 

Rayleigh number. Ro 

FIG. IO. Effect of angle of inclination on the mode of heat transfer for the system. 

heptaneisand-B. 
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6 
Angle of inclination 

Ethanol / sond -B 

1x10 2 3 4 5 6 7 8 9 IXtO- 2 

Royleigh number. Ru 

FIG. Il. Effect of angle of inclination on the mode of heat transfer for 
the system, ethanol/sand-B. 

resulting in a significant change in the Nusselt number. 
Figure 12 shows the steady state temperature dis- 
tribution for heptane/sand-B system corresponding to 
a temperature difference (AT,) of 50°C and the angle 
of inclination (B) of 10” from the horizontal. It shows 
clearly that a 3-cell pattern is established under these 
conditions. 

A comparison of Fig. 12 and Fig. 7 suggests that the 
thermal stability conditions for the horizontal system 
(0 = 0°) and the inclined system (0 = 10’) are very 

I.00 

0.88 

0 75 

8 
0.90 

t-” 
0 38 

0.25 

Run No. 27 
7.=50, Theto = IO, heptane 

sand - B 

FIG. 12. Temperature distribution for the system, 
heptane/sand-B (0 = IO”, AT, = 50°C). 

different. This difference is even more marked for 
ethanol/sand systems. Figure 13 clearly indicates the 
presence of cellular convective motion when the AT, = 
55°C and the angle of inclina~on is 10” to the 
horizontal. There is a much lower level of convection 
in the same system with the same AT,, when the angle 
of inclination is zero (Fig. 9). This suggests the possi- 
bility of the existence of a lower critical Rayleigh 
number at an angle of 10”. 

When the model is in a more sharply inclined 

0 0.14 o-43 0.71 I 00 

Z 

FIG. 13. Temperature distribution for the system, 
ethanol/sand-B (0 = IO”, AT, = 5S”C). 
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position, the warm fluid adjacent to the lower (heated) 
surface of the model tends to flow upwards while the 

cold fluid adjacent to the upper (cooled) surface tends 
to flow downwards. This results in the appearance of 
a single cell motion as shown in Figs. 14 and 15. A 
plot of steady state Nusselt number as a function of 
the Rayleigh number of heptane/sand and ethanol/ 
sand systems at different angles of inclination (0 = lo’, 

0 0 14 0 43 071 I 00 

7 
L 

FIG. 14. Single cell convective pattern (AT, = 50’ C. 
0 = 20 ) for the heptane,!sand-B system. 

- 
Run No 33 

A G= 50. Theta = 30. heptane 

sand - I3 

J 
.oo 

FIG. 15. Single cell convection pattern (AT, = 5O’C, 
0 = 30”) for the heptanejsand-B system. 

‘Ei - 
6 - l Ethanol sand B. IO”- - 8= 30” 
7 - l Heptane- sand 8. IO”- 8. 30” 
6- 

5- 

4: 3 

2 

./ .m . . . 

. 

, 
I I .f I llllll I I lllllll 
0 2 3 4 56 6100 2 3 4 5 6 6 1000 

/?a, cos 8 

FIG. 16. Nusselt number vs modified Rayleigh number for 
inclined systems. 

20” and 30”) is shown in Fig. 16. The experimental 
results can be represented, with reasonable accuracy, 
by the following expression 

Nfr = 0.082 (Ra cos 0)“‘76. (2) 

5. DISCUSSION 

The bulk QI published work on natural convection 
in porous media relates only to horizontal systems and 
much of this work is theoretical. An attempt is made 
here to compare the present results with those pub- 
lished previously. 

Holst [8] studied. both theoretically and experi- 
mentally, the temperature distribution in a horizontal 
porous medium consisting of 14/16 mesh sand satu- 
rated with heptane. The temperature profile theoreti- 
cally predicted by Hoist is shown in Fig. 17 and his 

experimentally determined profile in Fig. 18. These two 
figures can be compared with the results of the present 
investigation, shown in Fig. 19. The Rayleigh number 

in all three cases was approximately 65. The physical 
model used in the present work was the same as that 
used by Holst. However, Fig. 19 represents results 
obtained for a different grade of sand and for a different 
temperature gradient. The differences between Figs. 18 
and 19 are significant. 

FIG. 17. Theoretical temperature profile of Hoist. 
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I I 

FIG. 18. Experimental temperature profile of Hoist. FIG. 19. Experimental temperature profile-present work. 

Experimental data of this study 

a Heptane I sand- 6 0.35 (porosity) 
v Ethanol / sand- A 0.33 
A Ethanol/sand--B 0.35 

20 Schneiders’ dato 

c 

l Steel /oil 0.39 (porosity) 
l Gloss/ water 0.39 - 0.43 

IO v Glass /oil 0 39 0,43 - I’ 
P’ 

IXIO 2 4 6 8 1x10’ 2 4 6 8 lM03 2 

Rayleigh number. Ro 

FIG. 20. Comparison of present results with those of Schneider (horizontal systems). 

Experimental data of this study 

a Heptane / sond .-B 0 35 (porosity) 

Combarnous’ dota 

v Water/sand 

a Water/ lead 

Ml0 2 3 45 6 7 8 9 1x10’ 2 

Royleigh number, Ro 

Fro. 21. Comparison of present results with those of Combarnous 
(horizontal systems). 
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Schneider [16] and Combarnous [4] investigated 

natural convection in horizontal systems, using sand, 

steel spheres, lead spheres, and glass beads as the porous 

media, and oil and water as the fluid phases. A com- 
parison of the present results with those of Schneider 
and Combarnous is made in Figs. 20 and 21, in which 

Nusselt number is plotted against Rayleigh number 
for each system. The interesting features of these two 

figures are 

1. The close agreement between the results for 
heptane-sand systems obtained in this study and the 
oil-sand, and oil-glass systems obtained previously by 
Combarnous and Schneider. 

2. The similarity between the behavior of ethanol- 
sand system and water-sand, water-lead and oil-steel 

systems. In all such systems the porous media have 
high thermal conductivity (e.g. steel and lead) and/or 
the fluid viscosity is highly temperature dependent 

(water and ethanol). Consequently a higher tempera- 
ture gradient is necessary to induce natural convection 
and the Nusselt number is appreciably lower. 

0 Experimental data of this study 

(heptane sand -B) 

2x10 4 6 8 lx10 2 

Roylelgh number, Ro 

FIG. 22. Comparison of present results with numerical 
predictions (horizontal systems). 

A comparison of the present experimental data with 
numerical predictions of Karra [12], Combarnous [4] 
and Hoist [8] is given in Fig. 22. As shown clearly in 
this figure, there is an excellent agreement between the 
numerical predictions and the experimental results. 

It is interesting to note that the line for 0 = 45’ in 
Fig. 23, intersects the line for 0 = 0’ at a Rayleigh 
number of approximately 75. In addition, the Nusselt 
numbers for 0 = 45” in oil-sand system are significantly 
lower than the corresponding values for 0 = 0” when 
Ra number is greater than 75. A similar trend was 
noted in the present work (see Fig. 10). It is apparent 
from Fig. 24, that the slopes of Nu vs Ra curves for 
the heptanelsand, ethanol/sand and water/sand systems 
are approximately equal but the critical Rayleigh num- 
bers are appreciably different. 

For inclined systems, the only data with which we Bories [3] has recently shown that for inclined 

can compare the present results are those reported by systems the product RacosO must exceed 4x2 before 

Combarnous [4] and Bories [3]. The comparison multi-cellular convection can take place. A comparison 

with Combarnous’ results is shown in Figs. 23 and 24. of the present results with those obtained by Bories 

Present results e 

4 0 Heptane / sand -0 20’ , 

0 Heptane / sand -B 30’ .o*.* 

I I I 
100 I50 200 

RoyleIgh number. Ro 

FIG. 23. Comparison of present results for the system hep- 
tane/sand-B (0 = 20‘ and 30’) with the system oil/sand 

(0 = 0’) of Combarnous. 

30 
Present results e 

0 Heptone/ sand - B 
V Ethanol / sand -A 

D Ethanol / sand - B 

Combarnous’ results 

0 Water/ sand 

0 20 40 60 80 100 120 140 

Roylelgh number. Ro 

FIG. 24. Comparison of present results for the systems 
ethanol/sand and heptanejsand (0 = 20”) with the system 

water/sand (0 = 225”) of Combarnous. 
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is shown in Fig. 16. The solid line in this figure 

represents the best tit for Bories’ results. It can be seen 
that the present experimental values are closely 
grouped around Bories’ results. unfortunately Bories 

gives no information on the nature of the porous media 
and the fluids used in his work. 

2. K. Aziz, T. Kaneko and M. F. Mohtadi, Natural con- 
vection in confined porous media, paper no 17B, First 
Pacific Chemical Engineering Congress, Kyoto, Japan, 
October IO-14 (1972). 

3. S. Bories and L. ~onferran, Condition de stabilite et 
echange thermique par convection naturelle dans une 
couche poreuse inclinee de grande extension, C.R. Hehd. 
S&mc. Acad. Sci.. Paris 214.4-l (1972). 

4. M. Combarnous, Convection naturelle et convection 
mixte en milieu poreux, Ph.D. Thesis, The University 
of Paris (1970). 

CONCLUSIONS 

1. For heptane/sand systems maintained in the hori- 
zontal position the critical Rayleigh number for the 
onset of natural convection can be predicted from the 

linear theory. Above this critical value, the Nusselt 
number and Rayleigh number can be correlated by 
equation (1). For ethanol,sand systems, the critical 
Rayleigh number is appreciably smaller than the pre- 

dicted value. Sufficient data are not available for de- 
velopment of a correlation between Ra and Nu for 

this system. 
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2. The maximum number of convective cells appears 
to occur at an angle of 10’ from the horizontal. With 
further increase in the angle of inclination, the muhi- 

cellular motion is transformed to a unicellular pattern. 
For the systems studied, Nu and Ra cos M are correlated 
by equation (2). 

3. Physical properties of the system, in particular the 
thermal conductivity of the disperse solid phase and 
the viscosity and the coefficient of thermal expansion 
of the fluid phase seem to influence the mode and 
intensity of convective currents. 
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ETUDE EXP~~I~ENTALE DE LA CONVECTION NATURELLE 
DANS DES MILIEUX POREUX INCLINES 

Resume Une recherche experimentale sur la convection naturelle dans un milieux poreux sature de 
liquide montre que le mode et I’intensite des mouvements de convection sont sensibles & l’inclinaison 
du milieu et g certaines proprietis du tluide. Dans les systtmes ttudits, la convection naturelle commence 
a un nombre de Rayleigh inferieur h celui qui est prevu par la theorie lintaire (soit Races 0 = 471~) et 
le niveau maximal du mouvement convectif est atteint quand le coti chauffe de la cellule fait un angle 
de 10 degres avec I’horizontale. Lorsque I’angle ~inctinaison augmente jusqu’8 20. 30 degres, la con- 

figuration de la convection s’approche du type unicellulaire. 
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EINE EXPERIMENTELLE UNTERSUCHUNG DER FREIEN 
KONVEKTION IN GENEIGTEN POROSEN STOFFEN 

Zusammenfassung -Eine experimentelle Untersuchung freier Konvektion in einem fliissigkeitsgesattigten, 
begrenzten porosen Staff hat gezeigt. da0 die Art und die Intensitat der Konvektionsbewegungen vom 
Neigungungswinkel des Stoffes und von gewissen Eigenschaften der Stittigungsfliissigkeiten abhlngt. In 
den untersuchten Systemen setzt die freie Konvektion bei einer Rayleigh-Zahl ein, die kleiner war als 
von der linearen Theorie vorausgesagt (d.h. RtrCosil = 4n’). Die hijchsten Werte der Konvektions- 
bewegung wurden ereicht, wenn die beheizte Seite der Zelle einen Winked von 10. zur IIorizonta~en 
bifdete. Wenn die Neigungswinkel auf 20 und 30 erhiiht wurden, nlherten sich die Konvektionsformen 

einer einrelhgen Anordnung. 

3KC~EP~MEHTAnbHOE HCCJIEAOBAHME ECTECTBEHHOB KOHBEKHMH 
B HA~~OHHbIX ~OP~CTbIX CPE,QAX 

AtoiOTaUHr-3KCrrepRMeHTaRbHOe E(CCJEeAOBaHHe eCTeCTBeHHOi"l KOHBeKUAII B HaCbllUeHHO& XCEfR- 
KOCTblOO~paHWieHHOii IIOpWTO~Cpe~eIIOKa3WlO,YTO )'rOJl HaKflOHaCpe~bl~HeKOTOpbIeCBOfiCTBa 

HaCbILUaKWefi XWAKOCTH BIIUIIIOT Ha TnII n HHTeHCEiBHOCTb KOHBeKTHBHbIX jlBWKeHii&'i. B liCCJIen)'- 
eMbIXCMCTeMaXeCTeCTBeHHWl KOHBeKUnIl B03H)IKiiJla IIpll WCfle PeneSI, 3HaWHFie KOTOPOrO MeHbIUe 
PaCCWiTaHHOrO II0 JInHeiHOti TeOpUU (T. e. Ra COS @= 4579, a MLiKCRMNIbHblfi YpOBeHb KOHBeKTBB- 
HOBO ,iwmeHm nocrnrancs n rorvf cnysae, korna narperaa croporia meiKn HaxoLlmacb noq 
YIYJIOM 10" K I-OPH30HT&%i. npU ~a~bHe~~eM yBeJlHYeHHtR )'rJEi HaKJIOHa 110 20 It 30” CTpyKTypa 


