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Abstract—A theory developed previously has shown that a similarity relationship can be formed between
natural convection heat transfer in a porous bed with a single fluid, and a similar system where the particles
are wet and the interstitial mixture contains vapour and a second non-condensing gas. In this paper, data
from a bed of glass spheres, bounded by horizontal, isothermal plates and with several gas and vapour
mixtures, is reported. The enhancement in heat transfer rates forecast by the theory for large increases in gas
to vapour molecular weight differences is shown by comparing water/air and water/Freon 12, The decrease
in heat transfer rates forecast by the theory when the gas molecular weight is less than that of the vapour, is
shown by comparing ethanol/air and ethanol/Freon 12. The validity of the similarity relationship is
established by comparing these data plus a set from a different apparatus, with data for a water saturated bed
of glass spheres. Heat transfer rates from the ethanol/air experiment are higher than predicted from models
of heat transfer in stagnant packed beds. It appears that the system may be convecting in spite of an
unfavourable density gradient.
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1. INTRODUCTION

THIs paper describes results obtained from a study of
natural convection in porous beds when the surfaces of
the particles are wetted with a liquid and the pores are
filled with a mixture of the liquid vapour and a second
non-condensing gas.

Interest in this phenomenon arose from a desire to
increase the charge and discharge rates of packed-bed
thermal energy stores [1].

The conventional two-dimensional model of the
system is shown in Fig. 1, and the apparatus to achieve
it is shown in Fig. 2. To ensure that the particles are
wet, a pool of liquid is maintained at the bottom where
the heating surface is located. While Figs. 1 and 2 show
horizontal cooling surfaces at the top, this is not a
necessity. However, the liquid supply should be
located at the highest temperature point or surface to
ensure that condensation on all the particle surfaces
can occur. An alternative method would be to spray or
in some other way ensure that the particle surfaces are
wet.

The simple method used to achieve wet porous beds
means that the phenomenon may occur elsewhere, for
example in partially saturated soils, offshore gas wells
and the like. It may also have relevance to heat transfer
in wet insulation and to moisture movement in grains
and other adsorbing materials.

To date, a theory of the behaviour of these beds has
been developed [2] and support for its conclusions has
been provided by Davidson[3], who has solved a set of
equations similar to the model in ref. [2] and also
shown the effects of the variable system properties on
the critical Rayleigh number, and the flow and
temperature fields. Further verification has been

sought from experimental data and the procedure
adopted and results from the experiments are the
subject of this paper.

2. THEORY

The theory developed for this physical system has
been presented elsewhere [2], so that only a summary
will be given here.

A simple model of natural convection in a porous
medium saturated with a single-phase fluid is well
known (see for example Combarnous and Bories [4])
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Fi1G. 1. Diagram of system used to analyse natural
convection in porous media.
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enthalpy of gas/vapour mixture, per
unit mass of non-condensing
component [J kg™ ']

hy, latent heat of vaporization [J kg™ !]

h enthalpy of liquid [J kg ']

k effective conductivity of packed bed
(Wm™'K™]

k* effective conductivity of stagnant
packed bed with no mass transfer
Wm™'K™1]

k** effective thermal conductivity of
packed bed with coupled mass
transfer defined in equation (9)

[Wm™ K]

L convection cell horizontal dimension
[m]

M, molecular weight of condensing
component [kg (kg mol) 1]

M, molecular weight of non-condensing
component [kg (kg mol)~']

m mass ratio of condensing to non-

condensing component [—]
N buoyancy ratio, f.Ac/BAT [—]
Nu* Nusselt number with no mass
transfer, k/k* [—]
Nu**  Nusselt number with coupled mass
transfer, k/k** [—]
0, total surface area in packed bed [m?]
R universal gas constant
Jkgmol 'K 1]

NOMENCLATURE
Cq specific heat of non-condensing Ra* Rayleigh number with no mass
component or of single fluid transfer, gf(pC,/vp)xc/k*)ATH [—]
Dkg K] Ra**  Rayleigh number with coupled mass
Ck Kozeney—Carman constant [—] transfer,
C specific heat of liquid [JTkg~! K 1] 9B (pa C* /v, )k /k**)ATH [—]
Cc* equivalent specific heat defined in Ra, critical Rayleigh number [—]
equation (7) [Jkg ' K™'] T temperature [K]
¢ concentration of condensing Ty reference temperature [K]
component [kgm™ 3] T,, T, isothermal surface temperatures [K]
D diffusivity of gas/vapour mixture T (T-T)/(T,—-T,) [—] ,
[m?s™1] u superficial fluid velocity in x direction
D* diffusivity of gas/vapour mixture in [ms™1]
packed bed [m2s~!] u' Pl C uH [k*) [—]
d, hydraulic diameter of flow passages in u" pa(C*uH /k**) []
packed bed [m] v superficial fluid velocity [ms™1]
g gravitational acceleration [ms~ 2] V. total void volume of packed bed [m?]
H height of packed bed [m] w superficial fluid velocity in z direction
h

[ms™'] l

w' pm(C,wL/k*) [—] |
W' pa(C*wL/k**) [—] ‘
x horizontal coordinate [m] i
x’ x/L [—] "
z vertical coordinate [m] i
z z/H [—].
Greek symbols
B coefficient of volumetric
expansion [K ™!]
4 B{1—[m/(1+m)}(M.~Mhy/RT}
(K]
ﬁc _(1/pm)(apm/ac)T [m3kg~1]
€ void fraction [—]
v streamfunction, u’ = dy/dz’,
w' = —oy/ox’ [—]
Y’ streamfunction, u” = dy'/dz,
w' = —0y'/ox" [—]
Vo kinematic viscosity of fluid or mixture
(m?s™]
p density [kgm™ %]
P4 density of non-condensing component
in mixture [kgm ™3]
P density of mixture [kg m ™3]
K permeability [m?]
Ac concentration difference [kg m~?]
AT I-T, [K]
AT, temperature difference corresponding
to Ra, [K].

and makes the assumptions

(i) The Boussinesq approximation holds.

(ii) Fluid and solid properties are constant and an
isotropic effective bed conductivity k* accounts
for heat transfer by conduction within the
medium.

(iii) (v-grad)v terms are neglected.

(iv) Darcy’s law holds.

(v} Rate coefficients between fluid and solid are high
enough to assume local temperature equality.

The resulting dimensionless equations for steady
state, and with a streamfunction  introduced are,
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F1G. 2. Diagram of experimental apparatus.

from [5]
H\2*T' ﬁzT’ oT’ orT’
Y e = 1
(L). ox'? + 077 ( % W z') 0 m
oy % H orT’
( ) 6x’2+ z,2+LRa e =0. (2

For the case of isothermal boundaries asin Fig. 1,a
Nusselt number is introduced with
1 ’
Nu*=f ~6ld +—J w T dx'. 3)
0

While it is clear from data in refs. [4,6,7] that the
dimensional groups Ra* and H/L are insufficient to
describe the process, and various authors, for example
refs. [6-8] have attempted to improve the model,
equations (1)}-(3) form a useful starting point and
conceptual framework for the phenomenon.

In a process where the particles are wet and the
interstitial fluid is a mixture of vapour and a second
non-condensing gas, then further assumptions are
made. They are:

(vi) The fluid comprises an inert gas and a
condensing vapour with perfect gas properties
{for example air and water vapour), and the
properties of the mixture and its components are
assumed constant.

The surfaces of the packing are covered with
liquid which flows vertically downwards through
the packing and has no influence on the
applicability of Darcy’s law.

(viii) Following (v) above and Eckert and Faghri [9],
there is local equality between the liquid vapour
pressure and the vapour partial pressure, both
equal to the vapour pressure of pure liquid at the
local temperature.

The local liquid flow rate downwards equals the
vapour flow rate upwards.

(vii)

(ix)

The last assumption is hard to justify since it takes
no account of liquid flow mechanisms. Fortunately,

HMT 29:10-F

liquid enthalpy flows are small compared with vapour
enthalpy flows, so any errors introduced should be
small.

Then, as shown in ref. [2], the conservation of
energy and momentum yield

29T 8T LeT oT
. L =0 (4
(L) ax? + az? ( ox’ T oz’ ) 0@
L W
= — Ra** =0 5
(L) w2 T TR )

and for the case of isothermal boundaries, a Nusselt
number is introduced with

toar

Nu** zf ——dx +~J w'T dx'.  (6)
o 3

The new properties introduced are

dh dm

C=ahgr 0]

B = ﬁ[l——(M -My) "‘*] )

sk _ g Py G m
o= ke O Dy (T ©)
*
Ra** = g ﬁg-;zsm (10)

m

It is clear that the equation set (1}~(3) resembles the
set (4)-(6). However, several properties in the latter set
show considerable variability with temperature: for
example C*, ' and k**.

To use data from single fluid experiments, which are
expressed in terms of equations (1)-(3), to forecast the
behaviour of wet porous beds requires that the
properties be constant, or nearly so. This implies that
temperature differences across the wet porous bed
should be small. The analysis by Davidson [3]
indicates that the analogy holds for small temperature
differences.

From the assumptions, it is clear that the
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gas/vapour mixture in the voids is saturated.
Consequently C* is easily obtained from the
properties of saturated gas/vapour mixtures. From
Obert [10], the mixture enthalpy k is given by

T T
h=f cdd:r+mU C,dT+hrg:|
To To

and since for a saturated mixture m = m(T)

dh

d dm[ 7
Fo Cd+m(c,+a?hfg)+a[ﬁo CldT+hfg].

The term h(dm/d T) in C* is a correction term for the
liquid trickling back down the bed and, as shown in
ref. [2], is relatively small compared with d4/d T. Since
C* accounts for the energy involved in evaporating
and condensing vapour it is considerably larger than
C,, particularly near the liquid boiling point where it is
in the order of hy,.

The effective buoyancy f’ includes the effect of the
concentration variation on the mixture density. Of
interest is the possibility of reversing the buoyancy
forces depending on the molecular weights of the
condensing and non-condensing components. If
M, > M, then a neutral buoyancy temperature exists.
This separates buoyancy forces in one direction from
buoyancy forces in the other. Phenomena such as this
have been observed elsewhere, for example [11-14],
but these studies have focused on boundary-layer
cases rather than the packed beds where an
assumption of the fluid mixture being saturated is
appropriate. In principle, §’ can be positive or negative
and under certain conditions much larger than f fora
gas mixture.

Of interest is the recent paper by Trevisan and Bejan
[15] who investigate the simultaneous effects of
concentration and temperature effects on natural
convection in a porous bed. The imposed
temperatures and concentrations are on the vertical
boundaries, and the concentration and temperature
are not coupled as is the case here. They show that
convection is suppressed when N = B Ac/fAT = — 1.
This corresponds to the neutral buoyancy case §’ =0
in (8) above.

The effective conductivity k** includes the mass
diffusion contribution (p2/p)D*hy(d/dT)[m/(1+m)]
and is well known in studies of moisture diffusion in
porous media (see, for example, ref. [9]). This form
differs from that used in ref. [2] where the gradient
used was dm/dT and where p,, occurred instead of
p2/py. While a satisfactory approximation for low
concentrations of vapour, use of the gradient dm/d T is
inappropriate for high concentrations as occur near
the vapour boiling point. The multiplier p2/p, occurs
because with the interdiffusion of the gas and vapour,
the problem resembles that dealt with by Eckert and
Drake [16]. Vapour diffusion has a sink in that it
condenses and flows down through the bed but there is
no such sink for the non-condensing component. An
effective velocity of the mixture is postulated, where
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the flow of the mixture counters the diffusion of the
non-condensing component. This effective velocity of
the mixture results in an increase in vapour diffusion
which is reflected in the multiplier p?2/p, as compared
to pp,. k** differs little from k* at low concentrations of
vapour but can be much larger near the vapour boiling
point.

It should be noted that whereas in the definition of
Ra* the term pC, appears, the equivalent grouping in
Ra** is p,C*. As the temperatures in a bed approach
the vapour boiling point, C* increases but p,
decreases. Hence the product increases considerably
more slowly than does C*. However, values of p,C*
for air and water vapour are still around 200 times
those for dry air at 90°C.

Some important conclusions from the theoretical
study include:

(i) Significant increases in the effective conductivity
under convecting conditions can be achieved
using the same vapour but changing the non-
condensing gas to one with a higher molecular
weight. Conversely convection can be suppressed
using a gas having a lower molecular weight than
the vapour.

(i) Convection generally occurs at much smaller

temperature differences, lower bed heights, or

smaller particle diameters with the wet porous
bed case than for a single gas having the same
density, viscosity and thermal conductivity.

Convection can occur in the upside down (hot

top, cold bottom) mode with mixtures where the

gas molecular weight is lower than that of the
vapour.

(i)

The experimental program has dealt primarily with
(i), and (ii) can be inferred from the results. Limitations
in the experimental apparatus, in that a free or nearly
free liquid surface could not be maintained at the top
of the bed, prevented experiments verifying (iii) from
being performed.

3. EXPERIMENTAL APPARATUS
AND PROCEDURE

A diagram of the apparatus used is shown in Fig. 2.
It is approximately a cube (300 mm side length), with
water-heated and water-cooled plates at top and
bottom, and guard heaters on the sides. At the base,
the water-heated plate is separated from a 12.5-mm-
thick aluminium base plate by three heat flux meters
and thin cardboard having the same thickness as the
meters, and an electric heating element encased in
laminated plastic sheets. The element is supplied by a
variable transformer,

The dimensions of the vessel were chosen so that
glass spheres of about 29mm diameter could be
packed in an array as shown in Fig. 3. This allowed the
geometry of the bed to be specified.

To keep the system at constant pressure an
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FiG. 3. Diagram showing packed bed array geometry
viewed from above.

aluminized plastic bag was connected to a tube at the
top of the container. As the volume increased with the
increased temperature in the container, the bag
inflated and if necessary, gas was released from it.
Liquid was added to the container through a tube
connected at the bottom.

The guard heaters were three independent heating
pads separated from the container walls by 25 mm of
insulation, and mounted on an aluminium sheet which
was slotted to isolate one zone from the other. One
further guard heater, a single wire, was located on the
extension block of the lower isothermal plate (see Fig.
2). The heaters were controlled by differential
controllers sensing the difference between the
container wall and the guard plate. Measurements
showed these differences to be of the order of 0.4°C.

Nu
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To perform the experiments, the liquid to be used
was poured into the base of the container and the level
measured. Then the gas to be used, if other than air,
was introduced. If lighter than the gas in the container
it was introduced from the top; if heavier than the gas
in the container, it was introduced into the bottom.
When Freon 12 was the gas to be used, it was slowly
bled into the container and a Freon 12 detector placed
at the outlet tube. When the detector suddenly
indicated a high concentration of Freon 12, the
introduction of the gas was continued for a further
5min. In the case of air displacing Freon 12, the
detector was used and the vessel was assumed full of
air when no Freon 12 could be detected.

The apparatus was also checked by comparing the
Nu vs Ra relationship using only air and without
spheres. The measured data are shown in Fig. 4
compared with the data of Buchberg et al. [17] and the
correlation of Hollands [18]. The agreement with ref.
{177 is within 5%, and also agrees to within 5%, with
independent measurements made at our laboratory by
Lam [19].

4. EXPERIMENTAL METHOD

Following placement of the spheres, gas and liquid
in the container, a pair of hot and cold plate
temperatures and the power input were chosen,
estimates of these being made using the theory given in
Section 2.

A maximum output of the three heat flux meters
connected in series of 100 uV, was used as a guide to

BUCHBERG et al. [17]
HOLLANDS [18]

L 1

103 104

5 [
10 10 Ra

FiG. 4. Experimental data from apparatus compared with results from Buchberg et al. [17] and
Hollands et al. [18].
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when satisfactory stability had occurred. This
corresponds to a flux of 0.02 W between the heater
plate and the water heated plate, considering the
relative thermal conductivities of the heat flux meters
and cardboard. The final tuning of the apparatus to
steady state was achieved by adjusting the
temperature of the water bath supplying the hot plate.
Adjustments of the order of 0.001°C could be
obtained.

Steady state was assumed and the experiment
terminated when over a period of 1 h the heat flux
meter output remained within the bounds described
above, or an adjustment 0f 0.001°C produced a change
from a negative to a positive output over the same
period. In the second case, sometimes used to speed up
the equilibrating process, the difference between the
two effective conductivities measured was negligible,
being of the order of 1%.

Measurements of thermocouple output and heater
voltage were made on calibrated digital voltmeters,
and the thermocouple wire had been calibrated prior
to the experiments.

The uncertainties in temperature are £0.1 K andin
heater power, 0.03 W.

5. EXPERIMENTAL RESULTS

Four gas/vapour mixtures were used in the
experiment, namely water/air, water/Freon 12, ethyl
alcohol azeotrope/Freon 12 and ethyl alcohol
azeotrope/air.

The measured effective bed thermal conductivities
are plotted in Fig. 5 as functions of the mean bed
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temperature 7. As shown later, the data can be
condensed onto a Nusselt number vs Rayleigh number
plot, but some important points can be drawn from
Fig. 5.

The comparison between the water/air and
water/Freon 12 data sets clearly shows the effect of
changing the gas molecular weight. The temperature
differences used for the water/Freon 12 mixture were
in the approximate range 74-124 K whereas the
range for the water/air mixture was approximately
9.3-10.4 K. Hence the difference cannot be explained
by using different temperature differences in the two
cases. In changing the non-condensing gas from air to
Freon 12, the theory developed in ref. [2] predicted a
large increase in k and this is observed, the primary
reason being the change in the effective buoyancy #/
and the decrease in the mixture viscosity.

In the case of the ethyl alcohol-water azeotrope
with either air or Freon 12, the theory predicts
suppression of convection with air but not with Freon
12. While some doubt exists, as discussed in later
sections, as to whether complete suppression has
occurred when using air, a very large reduction is
shown.

The large increase in conductivity as the mixture
approaches the vapour boiling point for three of the
cases was forecast in ref. [2] and is attributed primarily
to the increases in §' and C* with temperature.

Of interest is the temperature difference at which
convection would occur in the same bed and with a gas
having the same density, viscosity and thermal
conductivity as the saturated mixtures used, and a
specific heat corresponding to a change in mixture

15 T T T T T T T T
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FiG. 5. Measured effective conductivities of a bed of glass spheres saturated with various gas/vapour
mixtures.
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Table 1. Temperature differences AT, corresponding to Ra,
for gas mixtures but no mass transfer

AT
Mixture (K)
Air/water 128
Freon 12/water 18.9
Air/ethyl alcohol 39
Freon 12/ethyl alcohol 4.7

temperature only. Assuming a value of 472 for the
critical Rayleigh number, then the corresponding
values of AT are shown in Table 1 for a mean
temperature of 70°C.

Particularly in the case of the air/water vapour
mixture and for Freon 12/water, the evidence from
Fig. 5 indicates very strongly that both are convecting
whereas from Table 1 there would be no convection
with no evaporation. Note that the temperature
differences used in the experiment varied between 7.4
and 12.4K. For Freon 12/ethyl alcohol only weak
convection corresponding to Rayleigh numbers of 2 or
3 times critical should occur, whereas Fig. 5 again
shows strong convection. The case of air/ethyl alcohol
is of course different as discussed earlier, in that
convection is not expected to occur in this case.

6. ANALYSIS OF RESULTS AND DISCUSSION

The theory presented in ref. [2] and summarised in
Section 2 above requires that the modified Rayleigh
number Ra** be determined.

The azeotrope was assumed to be ethyl alcohol only
in these calculations.

The basic fluid properties were obtained from refs.
[20,21]. In the case of the mixture viscosity and
conductivity these were calculated from the method in
Bird et al. [22], and for the diffusivities of the
water/Freon 12, alcohol/Freon 12 and alcohol/air, a
procedure in ref. [20] was employed. For Freon 12
only, a compressibility function was determined from
properties of the saturated gas, and the buoyancy g’
determined from the basic relationship

1 dp,

F=nar

rather than from (8). All other gases and vapours were
assumed perfect. All properties were curve fitted to
better than 19 accuracy using polynomial fits, except
for those cases where curve fits already existed.

The value of k** used to normalise both Nu** and
Ra** was calculated from (9) using a value of
D* = 0.2D where D is the diffusivity for the gas vapour
pair, for-example, see Eckert and Faghri [9].

To calculate the permeability the method employed
is that given by Schneider [26] with

d2

i
K= {se—
G
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where d, = 4V, /0, and C, = 4.94. This was used by
Buretta [24] and Close et al. [27].

One further piece of data required was the quantity
of liquid. The assumption was made that all the liquid
remained in the bottom of the container, and this
allowed the height of liquid, the net height of the bed,
surface area and finally the permeability to be
determined. How valid this assumption is, is presently
not known.

Plots of Nu** vs Ra** for three of the mixtures used
are shown in Fig. 6. Values taken from a separate and
much larger apparatus using the same glass spheres
and with air/water as the mixture are also shown. This
experiment, described elsewhere [23] was performed
in a 1.75-m-diameter, 0.5-m-high cylinder and with a
lower boundary condition closer to a constant flux
than isothermal surface, and lends support to the
results presented here. These data have been
recalculated for this paper using (9) for k**. In ref.
[23], p,, rather than p2/py was used in the vapour
diffusion term.

If the similarity hypothesis advanced in Section 2
has validity, then the data should resemble those for a
heat transfer only case. That this is so, is shown by the
comparison between these data and data from Buretta
[24] for glass spheres and liquid water.

There is not complete agreement between the three
gas/vapour mixtures when the results are plotted in
this way, since the theory in Section 2 requires much
further refinement. Also there will be some effect from
assuming that the azeotrope was alcohol only.
However, the scatter in data is no greater than has
been observed in heat transfer only cases, for example
as shown in the data of Combarnous [25] in liquid-
saturated beds. The situation regarding the
alcohol/air case is of interest as the bed should have
been stagnant during this series of experiments.
However when the conductivity calculated according
to equation (9) is compared with the data, then a
significant discrepancy occurs. This is shown in Fig. 7.

Higher effective bed conductivities can be explained
by two mechanisms, both plausible in this context.
There will be liquid menisci between the particles, so
increasing the thermal conductance between them as
compared to the situation where gas only exists.
Further, the menisci may not be stagnant.

To see whether these mechanisms can explain the
discrepancy between (9) and the data, k** has been
recalculated for the extreme case of no interparticle
resistance. As shown in Fig. 7, this does not explain the
high conductivities above about 50°C. However, if the
interparticle resistance is a function of the vapour
diffusion rate, increasing as the mean temperature
increases, then improved agreement between theory
and experiment can be obtained.

Other possible causes for the discrepancy, are the
non-linear nature of the conduction process due to the
variability of k** with temperature and the influence
of experimental errors. Neither are large enough to
explain the difference and, as shown in Fig. 8, the
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FiG. 6. Nu** vs Ra** data for a bed of glass spheres saturated with various gas/vapour mixtures, compared
with Nu* vs Ra* data for a water saturated bed of glass spheres from ref. [24].
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F1G. 7. Measured effective thermal conductivity of a bed of glass spheres saturated with an alcohol/air
mixture compared with various conduction models.
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FiG. 8. Calculated values of the densities of saturated mixtures of ethyl alcohol/air and ethyl alcohol and
water azeotrope/air as functions of temperature. Mixture pressure 1atm.

densities of azeotrope/air and pure ethyl alcohol/air
mixtures are nearly the same so use of the azeotrope is
not a likely cause.

Whether the explanation lies in deficiencies in the
stagnant conduction model or in the assumption of
stagnant conditions is not presently known and
further work is obviously necessary here.

Of some concern is the use of k** from equation (9)
in the normalisation of Nu** and Ra**.

If the effective stagnant conductivity is not
adequately described by (9), then some changes occur
in the plots in Fig. 6, with the slopes of the curves
somewhat lower but the points remaining almost
unaffected near values of Nu** = 1.

Sufficient work has been done on beds saturated
with a single fluid, to show that the simple model
contained in equations (1) and (2) is not a complete
description of the process, for example refs. [4-8]. It is
certain that similar inadequacies will apply in this
coupled mass transfer case. A more detailed theory is
presently being developed.

7. CONCLUSIONS

The primary thrust of this work was to provide
support for the theory advanced in ref. [2].

The predicted trends have been followed,
particularly those relating to the effect of relative
molecular weights of gas and vapour and mixture
properties, on the total heat transfer rate.

In addition, there is very good agreement between

these data and Nu* vs Ra* data for water-saturated
beds of glass spheres further supporting the general
validity of the similarity relationships in equations
(4)-(6).

Presently the results for the alcohol water
azeotrope/air mixture cannot be explained in terms of
the models used to set up the theory. The most likely
explanation for this is that convection persists even
though the buoyancy forces appear to ensure stagnant
conditions.

A more sophisticated apparatus is being
constructed, able to answer more of these questions.
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DETERMINATION EXPERIMENTALE DU COMPORTEMENT DE LITS POREUX
HUMIDES A L’INTERIEUR DESQUELS REGNE LA CONVECTION NATURELLE

Résumé—Une théorie développée précédemment a montré qu’une relation de similitude peut étre établie
entre le transfert par convection naturelle dans un lit poreux avec un fluide unique et un systéme semblable
ou les particules sont humides et le mélange intersticiel contient de la vapeur et un gaz non condensable.
Dans cet article, on décrit des expériences avec un lit de sphéres de verre limité par des plaques horizontales
et isothermes et avec quelques mélanges de gaz et de vapeur. L’accroissement de transfert thermique prévu
par la théorie pour des grandes différences de masses moléculaires de la vapeur et du gaz est montré en
comparant vapeur d’eau/air et vapeur d’eau/Freon 12. La décroissance du transfert thermique prévue par
la théorie quand la masse moléculaire du gaz est moindre que celle de la vapeur est montrée en comparant
ethanol/air et ethanol/Freon 12. La validité de la relation de similitude est établie en comparant des
données, et celles obtenues, avec un appareil différent, avec des données pour un lit de sphéres de verre
saturé d’eau. Les flux thermiques dans 'expérience éthanol/air sont plus grands que prévus par les modéles
de lits fixes stagnants. Il apparait que le systéme peut étre convectant en dépit d’un gradient défavorable
de masse volumique.

NATURLICHE KONVEKTION IN FLUSSIGKEITSGESATTIGTEN POROSEN BETTEN

Zusammenfassung—Eine friiher entwickelte Theorie zeigte die Moglichkeit zur Formulierung einer Ahn-
lichkeitsbeziehung fir den Wiarmetransport bei natiirlicher Konvektion einerseits in einem pordsen Bett,
welches ein reines Fluid enthilt, und einem dhnlichen System andererseits, bei dem die Partikel benetzt
sind und sich in den Zwischenriumen Dampf und ein zweites nicht kondensierendes Gas befinden. In dieser
Arbeit werden Ergebnisse fiir ein mit horizontalen isothermen Platten abgegrenztes Bett aus Glaskugeln mit
unterschiedlichen Gas- und Dampfgemischen vorgestellt. Die mit der Theorie abgeschitzte Erhéhung des
Wiirmeiibergangs fiir ein groBes Anwachsen des Unterschieds zwischen den Molekulargewichten von Gas
und Dampf wird durch einen Vergleich der Gemische Wasser/Luft und Wasser/Freon 12 gezeigt. Das mit
der Theorie vorhergesagte Absinken des Wirmeiibergangs, wenn das Molekulargewicht des Gases kleiner
ist als das des Dampfes, wird durch den Vergleich der Gemische Athanol/Luft und Athanol/Freon 12
gezeigt. Die Giiltigkeit der Ahnlichkeitsbeziehung wird durch einen Vergleich der Ergebnisse besttigt,
welche an dieser und einer anderen Anlage mit Daten fir ein wassergesittigtes Glaskugelbett ermittelt
worden sind. Die gemessenen Wirmeiibergangskoeffizienten beim Athanol/Luft- Expenmcnt sind hoéher
als die fiir ruhende Festbetten berechneten. Es scheint, daB das System ungeachtet eines ungiinstigen
Dichtegradienten eine Konvektionsbewegung ausfithrt.
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ECTECTBEHHAA KOHBEKHHNSA BO BJIAXHbBIX MMOPUCTBIX CIIOAX

Aunoraumn—Panee TeopeTHuecky OBINIO NOKA3IAHO, YTO MOXHO NPOBECTH AHATOTHIO MEKIY Temyonepe-
HOCOM €CTeCTBeHHO! KOHBeKIMel B MOPHCTOM HACHINEHHOM OXHOG(AIHOH KHAKOCTBIO CJIOE H AHAJO-
rHYHOM CHCTEMOIA, conepxalieii BlaXHbIe YaCTHLbI, MPOMEXKYTKH MEXIY KOTOPHMH 3aI0JIHEHB CMECHIO
K3 f1apa ¥ HCKOHIXCHCHPYIOUIETOCH rasa. Hpuaomﬂ'ex PEIYALTATH ONBITOB CO CHIOCM U3 CTCKISHHBIX
IIAPHKOB, OTPAaHHYCHHOTO TOPH3OHTANbLHEIMH H3OTCPMAYCCKHMH IUIACTHHAMH, M CMECAMH U3 1a’a H
napa. IIpesickasannoe TeopHelt BO3pacTaHHe HHTCHCHBHOCTH TEIUIOOOMEHA NPH YBEJHYCHHH Pa3HOCTH
MEXKIY MOJIEKYJAPHBIMHM BECAMH Tal3a M 11apa HUNIOCTPAPYETCH Ha NPHMEPE CHCTEM BOJA-BO3AYX B
sopa—®peon 12. CHmXeHne MHTCHCHBHOCTH TENI0OOMEHA, PacCYMTAHHOC TEOPETHYCCKH ANA Ciydas,
KOra MOJICKYJIAPHBIA BeC ra3a MeHbllle, ¥eM Yy 1apa, NORTBEPKIACTCH IKCIIEPUMEHTAMH ¢ CHCTEMaMH
3TAHOJ-BO3AYX ¥ TaHon~Ppeon 12. M3 cpaBHeHna 3THX RAHHKIX ¥ NAHHBIX, MONYYEHHBIX JUIA JPYTHX
CHCTEM, C PE3YJIbTATAMH JKCIEPHMEHTOB CO COEM CTEK/ISHHBIX HIAPUKOB, HaCHIUCHHBIM BOJOH, yCcTa-
HOBJIEH KpuTepHil nonobus. MHTeHCHBHOCTD TewIooOMeHa B ONBITAX ¢ CHCTEMOM 3TaHOJ-BOAA BBIIle
3HAYCHHSA, PACCUIMTAHHOIO M3 MOJENH TEIUIOOOMEHa B HEMOABHXHBIX MUIOTHLIX ciosx. [Tosuaumomy,
HECMOTDH Ha mpnua?e:xbauii TPAAHCHT IVIOTHOCTH, B TaKOH CHCTEME MOXET MMETh MECTO KOHBCKTHB-
HOE JBHXEHHE.
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