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Abstract—This paper reports the experimental determination of the critical Rayleigh numbers governing
the stability of horizontal, vertical and inclined air layers in the conduction regime. The experimental
method consists of measuring the heat flux in the immediate neighbourhood of the instability and extra-
polating this data to the state of pure conduction. The measured critical Rayleigh number for the horizontal
case is within 1 per cent of the accepted value (1708). In the vertical case, the measured value of the critical
Grashof number is 11 000 + 510, which is in very close agreement to the value of 11 024 predicted by Unny.
In the inclined case results are presented at angles from the horizontal 15, 30, 45, 60, 75, 80 and 85 degrees.
The results are in agreement with the predictions of Unny and Hart to within a maximum deviation of
about 20 per cent.
The Nusselt number in the neighbourhood of the instability is also reported.

NOMENCLATURE

aspect ratio of inclined slot = H/L
[dimensionless] ;

specific heat of air [Btu/lb F1:
emf of heat flux meter [mV];
Grashof number = Ra/Pr [dimen-
sionless] ;

critical Grashof number [dimen-
sionless] ;

acceleration of gravity [ft/h?];
length of inclined slot, as defined in
Fig. 1 [ft];

constant in equation (5) [dimen-
sionless] ;

constants in equations {6) and (7)
respectively [dimensionless] ;
thermal conductivity of air [Btu/
fth F];

width of tilted
Fig. 1 [ft];
Nusselt number = g, L/ATk [di-
mensionless] ;

Prandtl number of air;

slot, defined in
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D,
9

9o

Ra,

AT,

X, Y, Z,

pressure of air [1by/ft?] ;

total heat flux from lower to upper
plate = g, + q,, [Btu/ft? h];

heat flux transported across air
layer by conduction and natural
convection [Btu/ft? h] ;

heat flux transported across air
layer by radiation [Btu/ft> h];

rate of electrical heating supplied to
heat plate, expressed as a flux
[Btu/ft? h];

gas constant for air [ft Ib;/R];
Rayleigh number ;

2BATE C
= g—p% [dimensionless] ;

critical Raylelgh number ;

absolute temperature of air [R];
temperature  difference applied
across the air layer (Fig. 1) [F];
co-ordinates, defined in Fig. 1 [ft];
calibration constant of heat flux
meter [Btu/ft> h mV];
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B, volumetric thermal expansion co-
efficient of air [R™!];
8, angle of tilt of air layer, defined in
Fig. 1 [degree] ;
U, viscosity of air [Ib, s/ft?]:
0, density of air [Ib_/ft3].
INTRODUCTION

THE PROBLEM of stability and convective motion
of a horizontal fluid layer heated from below has
gained a considerable and growing attention
over the last two decades; so has the problem of
stability and convective motion in a long vertical
slot heated from one side. However, very little
has been done to bridge the gap between these
two separate problems, although, if one con-
siders the general case of a differentially heated,
inclined fluid layer (Fig. 1), they are each
special cases of a single problem.

In the first of the above-mentioned problems
(the Benard problem) [1], the instability is
associated with what may be called a ““top-
heavy” situation. For the Rayleigh number less
than critical {Ra < 1708) the fluid is completely
stationary and heat is transferred across the
layer by the conduction mechanism alone. The
type of motion in the neighbourhood of the
instability has been subject of considerable
study but is now generally thought to be roll-
like [2]. Once convective motion has begun,
heat transfer across the fluid layer increases.

N4
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FiG. 1. Sketch of an inclined fluid layer.
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In the second problem—the long vertical slot
heated from one side—there exists (as opposed
to the first problem), fluid motion for any finite
Rayleigh number. However, provided the Ray-
leigh number is sufficiently small the motion
is relatively simple, consisting of one large cell
which fills the whole slot, the fluid rising on the
hot wall, falling down the cold wall and turning
at the opposite ends of the slot. This flow, first
described by Batchelor [3] will be called here the
“base-flow”. Except in the extreme regions near
the ends of the slot where the fluid turns, the
base-flow vertical velocity profile is cubic, and
the horizontal velocity is zero. No convective
heat transfer is caused by this motion and heat
is transferred across the gap by conduction
only. The stability of this base flow has been
analyzed in a number of studies [4-9]. The
class of instability is physically different from
that applying in the Benard problem: the
instability appears to be brought on by
the hydrodynamic breakdown on the base
flow as opposed to any top-heavy situation.
Vest and Arpaci [7] found that the critical con-
dition is dependent only on the Grashof number
and independent of the Prandtl number, and
gave a critical Grashof number of 7880. All
other studies have found a slight but significant
dependence of the critical Grashof number on
the Prandtl number. For Pr = 0-71 all studies
obtain a critical Grashof number of approxi-
mately 8000 except Unny [8] who obtained
11024

It is of importance at this point to indicate
what aspect ratio constitutes a “long” vertical
slot for the purposes of the present study. A
classification of the regimes of instability in a
vertical slot has been given by Gill and Davey
[10]. They concluded that analyses based on
assuming the aspect ratio is infinity (i.e. assuming
the base flow defined earlier) are valid provided
that the aspect ratio is greater than a certain
value, which depends on the Prandtl number.
The region on Rayleigh number vs aspect ratio
plane where this assumption is valid is called the
conduction regime. This regime is bounded,
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according to Gill and Davey by the relation:
log, o (Gr, Pr/A) < 2:5. 1)

The critical Grashof number, as obtained by
Rudokov, Unny or Vest and Arpaci is approxi-
mately 10* so that to ensure the base flow is in
the conduction regime: we must have, approxi-
mately,

A > 30 Pr. (2)

A long slot, for the purposes of this paper, is
defined as one satisfying this inequality.

The more general case of a tilted, differentially
heated from below, long fluid slot or layer
(Fig. 1) has been analyzed by Gershuni and
Zhukhovitskii [6], Unny [8], Hart [9], Liang
and Acrivos [11] and Birikh et al. [12]. As in the
case of the vertical slot, provided the fluid layer
has a finite angle of tilt, 0, there exists a base
flow for any finite Rayleigh number. The tilted
layer is therefore in general subject to two
types of instability, the static top-heavy type
instability associated with the horizontal (Be-
nard) problem, and the dynamic type which
applies the vertical slot. At low angles of tilt the
former type comes into play first, and at angles
of tilt near the vertical and beyond, the latter
type. At some intermediate angle, 6, there is a
crossover from one class of instability to the
other. For 8 < 0, the instability is characterized
by a critical Rayleigh number, independent of
the Prandtl number, and given by:

Ra_cos 6 = 1708. (3)

For 0 > 6, it is characterized by a critical
Grashof number, largely independent of the
Prandtl number. The angle 6, is therefore a
strong function of the Prandtl number. The type
of flow at the point of instability is roll-like with
axis (referring to Fig. 1) in the x-direction for
0 < 6, and in the y-direction for 6 > 6. The
crossover angle, 6, for air (Pr = 0-71) is given
by Hart to be 72°, and by Unny to be 78°.
Although there are ample experimental veri-
fications of the critical condition for the hori-
zontal layer, there are very few for the vertical
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and inclined layer, particularly if one restricts
oneself to layers that are long by the criterion of
equation (2). Vest and Arpaci [7] determined
Gr, for a long vertical air layer using a flow visu-
alization technique and obtained Gr, = 8600 +
10 per cent. The recent experimental results of
Hart [9], although strictly not carried out on
layers which were long on-the basis of equation
(2), are extensive and important to the present
study. Using water (Pr = 6-7) as the fluid, layers
with aspect ratios of 25 and 37, and a flow
visualization technique, his experiments confirm
his theoretical stability analysis (which covers
both long and moderate aspect ratio slots),
for 8 < 6, However, for 8 > 0, ie. near the
vertical, measured critical Rayleigh numbers
are from 17 to 80 per cent larger than predicted.
Hart puts this discrepancy down as being due
partly to the experimental difficulty of detecting
very weak flows, and partly due to the non-
parallel nature of the base flow.

This .paper presents an experimental deter-
mination of the critical Rayleigh number for
angles of tilt, 6 from 0 to 90°. The fluid used is
air (Pr ~ 0-72) and the aspect ratio is 44; the
slot is consequently assumed “long”, and the
conduction regime is therefore assumed to
prevail throughout the study.

Briefly stated, the experimental method con-
sisted of maintaining a constant temperature
difference and spacing across the tilted air
layer, and passing through the point of in-
stability by slowly increasing the air pressure
by steps, measuring the heat flux_at each step.
As has been pointed out, in the “base flow”
region below the critical condition, heat is
transferred across the gap by conduction alone,
and hence the measured heat flux is invariant
with pressure (Rayleigh number) until the
critical condition is reached. From this point
onward, subsequent increases in pressure pro-
duce increases in the measured heat transfer.
By plotting the data in the neighbourhood of the
critical condition, it is possible to arrive at a
close estimate of the critical condition. A
similar method was used by Thompson and
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Sogin [13] for a horizontal gas layer. The heat
flux was measured by a combination of the
heat flux meter and guarded hot plate principles,
permitting an absolute determination (as op-

nosed to the Thomnean_Saoin methady Thi
PpOoSEG W0 1l AOMPSON—S0gIn meinocG). 1118

paper therefore reports both the measured
critical Rayleigh numbers, and the WNusselt
number in the neighbourhood of the critical
condition.

DETAILS OF THE EXPERIMENT

Figure 2 shows a sketch of the apparatus. It
consists essentially of two parallel copper
plates, each 22in. by 24in. by 3-8in. thick
mounted in a pressure {or vacuum) vessel whose
pressure can be varied from a few mm Hg up to
100 psia. The plates are maintained at uniform
(but different) temperatures by means of two
water streams passing through copper tubes
soldered to the back of the plates. The warm
stream (-80F) passing through the lower
plate is maintained at constant temperature
by recirculation through a constant temperature
bath. The cool stream (~60F) is drawn from the
main-water line and allowed to run to drain.
The whole system (including the pressure vessel)
can be rotated about a horizontal axis so as to
produce any desired degree of tilt of the two

Pressure vessel
. Tube grid header
Aluminium foil

Tuhe grids

¥ in. thick copper plotes
Air layer
Thermocouples

Machine screws {support
plates)
- Supporting frame
:

Fic. 2. The experimental apparatus.

Rollers

Hot water (~80°F)

-Cold woter (~60°F)
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plates. The spacing between the plates can be
adjusted from O to 5in. and maintained con-
stant over the plate surfaces to within +0-0025
in. The air space between the two plates is
closed at the periphery by means of aluminium
foil attached from one plate to the other.
This foil maintains a linear temperature rise
from the cold to hot plate.

The temperature difference between the two
plates were determined from eight copper-
constantan thermocouple junctions, four im-
bedded in each of the copper plates and con-
nected in thermopile. The mean air temperature
for evaluation of the fluid properties of air was
determined as the average of two thermometers,
one in each of the circulating water lines. The
air pressure was determined from two precision
pressure gauges, one reading from O to 15 psia,
the other from atmospheric pressure to 100 psia.
The spacing between the plates was determined
from telescoping gauges and a micrometer.
Further details of the apparatus may be found
in [14] and [15].

The method of measuring the heat flux is
sketched in Fig. 3. A recess 5 in. by Sin. by 1 in.
deep machined into the lower plate contains
a heat flux meter and a } in. copper plate (heater
plate) in which a nichrome resistance wire of
known resistance is imbedded. The heat flux
meter consists of a polyvinylchloride disc
+ in. thick by 4 in. dia with approximately
600 thermocouples connected in thermopile and
woven into the disc so as to measure the tem-
perature difference across it. The principle of

-5x5x1/8 heater plate

; Electric heater wire

- Recess
174 x 5x5

£ Heat flux meter 4 dig.x 1/8

Circulating
water tubes
Dimensions in inches

FiG. 3. Sectional view of lower plate showing assembly of
heater plate and heat flux meter in recess (not to scale).
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the method used is the same as the guarded hot
plate principle in that when the heat current has
been varied until the heater plate is at the same
temperature as the lower plate, all of the elec-
trical heating supplied to the heat plate goes into
the air layer above, and hence the heat flux
through the air layer can be determined directly.
The condition for equality of temperature of the
heater plate and lower plate is obviously met
when the heat flux meter emf is zero. By using the
heat flux meter to determine the condition for
equality of the two temperatures rather than
say, a thermocouple imbedded in each plate, a
much higher degree of sensitivity is gained in
the heat flux measurement.

In practice the heater current was not adjusted
until the heat flux meter emf was exactly zero
since due to the thermal inertia of the system,
this required too long a time. Rather the current
was adjusted until the heat flux meter emf was
within +1-2mV of zero corresponding to a
temperature difference between the heater plate
and the lower plate of +0-1 F°. The heat flux
into the air layer g was then determined from:

q=4qg + ae

where gy is the electrical heating supplied to the
heater plate, e is the heat flux emf and a is a
constant; this assumes that the heat transfer from
the heater plate to the lower plate is proportional
to the heat flux meter e.m.f. The quantity «, the
calibration constant of the heat flux meter in situ
was determined by a calibration procedure which
involved setting g = 0 by adjusting upper and
lower plate to the same temperature and by
varying the heater current obtain a graph of
qg Vs e, the slope of this graph being a. (Of
course once « had been determined, g could
have been measured by having no heater
current (g = 0), measuring e, and using the
resultant equation, g = xe. However, such a
procedure would have resulted in a signifi-
cant temperature difference between the heater
and lower plates. Since an important require-
ment of the experimental apparatus was an
isothermal lower boundary surface for the
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air layer such a situation was obviously

‘unacceptable.)

The experimental procedure was started by
setting the angle of tilt of the plates, flushing the
pressure vessel with dry air, drawing a vacuum of
approximately 1 mm Hg and taking a complete
set of measurements. The pressure was then
raised to about 80 per cent of the calculated
critical pressure corresponding to the estimated
critical Rayleigh number for the angle under test,
on the basis of Unny’s predictions. Although this
involved a considerable change in pressure,
without exception, no significant change in the
heat flux was observed. The pressure was then
increased approximately in 5 per cent steps,
readings being taken at each step. At one step
in this process, the heat flux, having previously
remained constant, independent of the pressure,
would increase, corresponding to the critical
condition. Subsequent increases in pressure
would then result in increased heat transfer.

In processing the data, it was necessary to
subtract from the measured heat transfer the
radiative heat exchange between the plates. This
was determined from the very first reading taken
at approximately 1 mm Hg. At this condition,
the air layer was known to be stagnant. From
the known thermal conductivity of air, the
component of this low pressure heat transfer
associated with conduction through the air
could be calculated and subtracted from the total
low pressure heat transfer, leaving only radiation
heat transfer. The latter was assumed constant
with respect to pressure and subtracted from all
subsequent heat transfer measurements in that
run. The radiation correction never involved
more than 10 per cent of the total heat transfer.

Assuming air obeys the ideal gas law, the
Rayleigh number can be written as:

p’ATgL C,

R T3 kp
Over the pressure range of interest puk and
C, are independent of pressure. They were

evaluated, using the data of Glassman and
Bonilla [16], at the mean of the two plate

Ra =
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temperatures; the latter was also used for the
evaluation of T.

As a preliminary check on the apparatus, the
thermal conductivity of air was measured using
the apparatus. The heat flux was measured at
low pressure for various plate spacings and the
resultant heat transfer coefficients were plotted
against the inverse of the spacing. The thermal
conductivity, as determined from the slope of this
graph, was within 1 per cent of the literature
value. The details are given in [14].

RESULTS FOR HORIZONTAL CASE
The behaviour of the heat transfer, for the
case of a horizontal fluid layer, in the immediate
vicinity of the critical condition is known on
theoretical grounds to be given by:

Nu=1 Ra < Ra, 4)
R

Nu=1+1<<1——"£> Ra> Ra, (5)
Ra

where K is a constant. (The latter equation was
first given by Malkus and Veronis [17], and
has been shown to be exact in the limit Ra —
Ra, + 0 by Platzman [18].) Therefore, if one
plots the experimental points in the immediate
vicinity of the critical condition in the form
Nu — 1 vs 1/Ra the result should be a straight
line which intercepts K and 1/Ra,. In this
manner the values of K and Ra, were de-
termined for the horizontal layer in four
independent experiments using plate spacings of
0-5, 0-75, 10 and 20 in. respectively. Figure 4
shows the plot for the case where the spacing
was 0-75 in. and Table 1 summarizes the results
for all four spacings. The value of Ra, and K
were arrived at by the best (least square) fits to
the data points. The theoretical value of Ra, is,
of course, 1708, and for K, 1-44(5) (Platzman [18]
and Hollands [19]). These values are within
1 and 3 per cent of the average of the experimen-
tal values respectively. The results are one of the
most precise experimental determinations of
Ra, reported to date and present a good ex-
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F1G. 4. Plot of heat transfer data in vicinity of critical
condition for horizontal air layer: also shown in best
straight line-fit to the data.

perimental verification of equation (5). (The
data of Schmidt and Saunders [20] have also
been shown to be in agreement with this equa-
tion [19]) These results also represent an
excellent preliminary check on the apparatus
before entering into the tilted and vertical layer
determinations.

Table 1. Measured values of Ra, and K for horizontal case

Spacing Temperature

L difference, AT Ra, K
(in.) (deg F)
0-500 27 1718 1-305
0750 33 1717 1:372
1-000 20 1738 1-398
2-000 34 1725 1-499
Average 17245 1-391

[-445

Theoretical 1708

RESULTS FOR TILTED AND VERTICAL CASES

Data were obtained near the critical condition
for angles of tilt, (angle 0 in Fig. 1) of 15, 30, 45,
60, 75, 80, 85 and 90 degrees. All data were
obtained using a plate spacing of 0-50 in. and a
temperature difference of 20F, Figure 5 shows
the results plotted in the form Nu — | vs
1/Ra, the same form used in the horizontal case.
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Legend
© 90° 80°, 609, 30°
o 85% 759 45°, 15°

8=0°, equation
(5)

Fic. 5. Plot of heat transfer data in vicinity of critical
condition for inclined air layers; also shown is best straight
line fit to the data for each angle, 0.

As in the horizontal case, the best (least square)
straight line was passed through the data, so as
to fit an equation of the form of equation (5).
The resultant values of Ra, and K are given in
Table 2 which also gives the uncertainties in
Ra, as determined in the usual way from
least-square analysis of data on a 95 per cent
confidence basis.

Some difficulties were experienced in mea-
suring the heat transfer in the inclined position,
particularly at angles of 30° and 45°, and this
helps to explain why there is greater uncertainty
in the values of Ra, in the tilted case compared to
the horizontal case. The difficulty arose out of
the unsteady nature of the heat transfer which
was observed at pressures slightly greater than

Table 2. Measured values of Ra_and K for tilted case, (based
on flitting data to equation (5)

Angle 6
(deg) Ra, K K Ra,
i5 1911 4 49 1-515 2900
30 2126 + 194 0987 2100
45 2890 + 183 0911 2640
60 3761 + 219 0-687 2582
75 6215 + 487 0952 5920
80 6547 + 761 0-821 5380
85 6942 + 178 0-760 5270
90 7861 + 363 0-431 3397
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critical. The heat flux, as measured by the heat
flux meter, (whose e.m.f. was displayed on a
millivolt recorder) performed an oscillation with
a period which varied, but which was of the
order of minutes. The heat fluxes were averaged
over a period of approximately 15 min and
it is these average values which are reported in
the Nusselt numbers plotted in Fig. 5. This
averaging process was subject to some error and
the values of the Nusselt number therefore have
a greater scatter than in the horizontal case.

The fitting of straight lines to the data of
Fig. 5 implicitly assumed that the behaviour of
the heat transport near the instability is given
by equation (5). Although the data appear to fit
a straight line reasonably well, this assumption
may not in fact be valid for the tilted case, and
may produce an error in the estimation of the
Rayleigh number; (the actual behaviour of the
heat transport near instability is not known for
the tilted case). To investigate this possibility,
the following straight lines were fitted to the
same data as in Fig. 5,—a linear fit:

Ra
Nu—-1=K,[— -1
u 1 ( Ra, ) (6)
and a logarithmetic fit:
Ra
Nu—1=K,log|— 7
u 2 log (Rac) U

and the resultant values of Ra, so determined ;
they are given in Table 3, with their corres-

Table 3. Dependence of the critical Rayleigh number (as
measured) on the equation used to fit the data near the

instability
Ra_ as estimated using:
Angle 8
(deg) Equation(5) Equation(6) Equation(7)
(inverse fit) (linear fit) (log fit)

15 1911 + 49 1885 + 51 1900 + 55
30 2126 + 194 1865 + 404 2041 4 196
45 2890 + 183 2461 + 625 2742 + 302
60 3761 + 219 3239 £ 219 3578 + 302
75 6215 + 487 5561 + 653 5990 4 506
80 6547 + 761 5974 £ 562 6330 + 833
85 6942 + 178 6454 + 819 6750 + 383
90 7861 + 363 7370 + 365 7664 + 446
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ponding uncertainties for the same (95 per cent)
confidence limits. Considerable (up to 15 per
cent) differences are to be seen depending on the
assumed fit. However, the uncertainty in all
but one case, is less for the inverse fit (equation
{5)) than for the other two fits, indicating that the
data agree with this fit best. In comparing the
measured critical Rayleigh numbers with theore-
tical, therefore the values based on the inverse
fit will be used.

Figure 6 shows the comparison of these mea-
sured critical Rayleigh numbers with those
predicted by Unny [8] and Hart [9] for Pr =
0-71. The general form of the dependence of
Ra, on 6 predicted by these works agrees well
with the data. In particular there appears to be an
abrupt change in the trend of the data at
approximately 75°, indicating a changeover
from one class of instability to another, as
predicted. The data for angle  greater than the
changeover angle are bracketed above and
below by the predictions of Unny and Hart.

o Experiment , based on equation (5}
00 ® Experiment, based on equation (6]
oG Thecry due to Unny | 8]
T 7 Theory due to Hart | 9]
.
70 §
. L]
L]
. ——"'7' -
/
50 /
/
” /
o 4
= /
< /e
@ 3D o //
. Ve
»
7
rd
//
20 v __ e

FiGg. 6. Comparison of experimentally determined critical
Rayleigh numbers with those predicted by Unny [8] and
Hart [9].
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In the case of the vertical layer (8 = 90°) the
results are much closer to the predictions of
Unny than for Hart and other workers [5-9] ; the
experimental value Gr, is 11000 + 510, which
compares favourably with Unny’s value of
11 024. However, it should be noted that Hart's
experimental critical Rayleigh numbers were
also greater than those predicted by his analysis.

With respect to the heat transfer it is of
interest to note in Fig. 5 that the changeover at
75° shows up as a change in slope of this graph
as well. The fitted straight lines through the data
for 8 < 75" are all approximately parallel to the
theoretical line at 6 = 0, ie. to equation (5)
with K = 1-445 and Ra, = 1708. This implies
that, if the tilted data are assumed to fit equation
{5), with Ra, and K considered functions of 8,
then it is found experimentally that:

K(6)- Ra_.(f) —~ constant = 1-445 x 1708
or

K(0) - Ra,(6) -~ 2460 0 < 60.

Values of K Ra, for the various angles are given
in Table 2.

CONCLUSIONS

1. Precise measurements have been carried out
on the stability of a horizontal air layer
heated from below and the results fit the
equation of Malkus (equation (5)) very closely.

2. Measurements of the critical Grashof number
for air in vertical slot of large aspect ratio
have given a value of 11000 + 510 which is
in very close agreement with the prediction of
Unny.

3. Measurements of the critical Rayleigh number
of inclined air layers of large aspect ratio
agree with the predictions of Unny within a
maximum deviation of 21 per cent and an
average deviation of 10 per cent. Slightly
larger deviations are found with the predic-
tions of Hart. Their predictions are recom-
mended for engineering calculations.

4. For angles of tilt 8, of 60° or less the heat
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transfer in the neighbourhood of the in-
stability can be represented approximately
by equation (5) with K = 2460/Ra..
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ETUDE EXPERIMENTALE DE LA STABILITE D’UNE COUCHE D’AIR INCLINEE ET
DIFFERENTIELLEMENT CHAUFFEE

Résumé—Cet article décrit la détermination expérimentale des nombres critiques de Rayleigh marquant
la stabilité de couches d’air horizontales, verticales ou inclinées, dans le régime de conduction. La méthode
expérimentale consiste en une mesure du flux thermique au voisinage immédiat de I'instabilité et en une
extrapolation de ce résultat 4 I'état de conduction pure. Le nombre critique de Rayleigh mesuré pour le
cas horizontal approche 4 un pour cent la valeur acceptée (1708). Dans le cas vertical, la valeur mesurée
du nombre critique de Grashof est de 11 000 + 510 ce qui est en trés bon accord avec la valeur de 11 204
estimée par Unny. Dans le cas incliné, les résultats sont présentés pour des angles égaux, par rapport 4
I'horizontale, 4 15, 30, 45, 60, 75, 80 et 85 degrés. Les résultats concordent avec les estimations de Unny
et Hart avec un écart maximal de 20 pour cent. On donne aussi le nombre de Nusselt au voisinage de

I'instabilité.

EXPERIMENTELLE UNTERSUCHUNG DER STABILITAT EINER UNTERSCHIEDLICH
BEHEIZTEN, GENEIGTEN LUFTSCHICHT

Zusammenfassung—Es wird iiber die experimentelle Bestimmung der kritischen Rayleigh-Zahlen fiir
die Stabilitit von horizontalen, vertikalen und geneigten Luftschichten im Bereich der Wirmeleitung
berichtet. Bei dieser experimentellen Methode wird der Wirmestrom in der Nihe der Stabilititsgrenze
gemessen. Mit diesen Daten wird dann bis zum Zustand reiner Warmeleitung extrapoliert.

Die gemessene kritische Rayleigh-Zahl fiir die horizontale Luftschicht stimmt bis auf 1% mit dem

bekannten Wert von 1708 iiberein.
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Fiir die vertikale Luftschicht betrdgt der Wert der gemessenen kritischen Grashof-Zahl 11 000 + 510,
in sehr guter Ubereinstimmung mit dem von Unny angegebenen Wert von 11 024. Fiir geneigte Luft-
schichten sind die Ergebnisse fiir Neigungswinkel, gemessen zur Horizontalen, von 15. 30, 45, 60, 75, 80 und
85° angegeben.

Die Ergebnisse stimmen mit den Werten von Unny und Hart bis auf eine maximale Abweichung von

207 iberein. Die Nusselt-Zahlen in der Nihe der Stabilititsgrenze sind ebenfalls angegeben.

DHRCHEPHMENTAJBHOE UCCTEAOBAHUE VCTOHYMBOCTH
AN DEPERIITAIBHO HATPEBAEMBIX HAKJOHHDBIX TLTACTOB BO3AY XA

AHHOTAIUGI—DB CTUTLE NPUBOANTCA DRCHCDIMEHTAIBLIOC OIPEACICHHe BPHTIHHCCKIN THee
Peqies, HUiRE KOTOPBIX 00CCICUNBALTCSA VOTOHUNBOCTE PeHiMa TEUIONPOBOIHOCTI B FOPHBOH-
TAALHBIX, BOPTHRAIBLHBIX. ¥ HAKJIOHHDIX CAOAX BOBAVXA, DRCOEPUMEHTAIBILIL M CTO L COCTONT
B UBMEPEHIN TEeITOBOrO NHOTOKd BOAM3U 0OMACTH HEVCTOHYMBOCTH B DKCTPAHOINPOBAHIN
ATUX l@HHBIN HA CJIVYAL 4UCTOH TemaonpoBoduocTn. BMEPCHHOE KPHTHUCCLROC YHC10
PeiiHOIbACA A1 FOPHBOHTABIIONO ¢itos cocTarader 19, ot ofmenpudaroro snavemus (1708).
B cayaae BEPTHRAIBHOUO (JIOF H3MEPEHHOC KpHTHUecKoe dneao Tpacroa Haxojures B
npeaeaax 11000 + 510, uro odens Huausio cootnercrayer suaiennio 11024, npeaerasangony
I0uuu. a8 HAKIOHHBIX CJIOEB PEe3VALTATLL BHeACTAICHH 151 yraon Hawsona 15, 30, 45,
60, 80, 75 u 85°. Oun coorseTeTRYOT pacyeTam IOHHI-NapTa ¢ MAKCHMAIbHLIM OTRIOHEHHeM
a0 20%,. HpuBogaarcn Takoke smadennd dncia HycerabTa B nenocpeaeriennoil Hansocr or
0fmacTH ecTaduabHOCTY,



