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Abstract—An experimental investigation on laminar free convection from a heated vertical flat plate
immersed in carbon dioxide near its critical point is described. The test space was viewed with a
Zehnder-Mach interferometer, thus giving an instantaneous picture of the distribution of refractive
index. Use of the Lorenz-Lorentz equation, and equilibrium property data enabled the temperature
field to be inferred, permitting the calculation of the heat-transfer coefficient and the thermal con-

ductivity of the fluid.

Very low rates of heating were used, the temperature differences being of the order of 0-001-
0-01°C, so that the constant property situation was closely approximated.
High values of the thermal conductivity and the heat-transfer coefficient were detected in the critical
region, both parameters showing a dependence on the heat rate.
An engineering correlation for the heat-transfer coefficient was developed. The critical Grashof
number for transition from laminar to turbulent flow was shown to be a function
of the Prandtl number for the tests considered.

NOMENCLATURE

heat capacity at constant pressure;
gravitational constant;
— )3
Grashof number = g_(p_oi 2Pw) Li ;
w

heat-transfer coefficient;

thermal conductivity;

reference thermal conductivity = 12-7
cal/cm s degC;

constant in Lorenz-Lorentz equation
(1);

distance from leading edge to point
halfway up plate;

refractive index;

pressure;

Prandtl number = pcp/ko;

heat rate per unit area;

Rayleigh number = Gr Pr,;
temperature;

critical temperature;

specific volume;

co-ordinate along plate;

co-ordinate normal to plate;

density;

critical density;

coeflicient of dynamic viscosity;

2X—H.M.

8, angle of light to optical axis;
,  boundary layer thickness;
L, length of heated surface.

Subscripts
¢,  at critical state;
o,  with reference conductivity;
Ds at constant pressure;
w, atwall;
oo, in fluid outside of boundary layer;
i, at first edge of heated plate encountered
by light ray X = 0;
e, at X = L.

INTRODUCTION
IN RECENT years, interest has been stimulated in
heat transfer occurring in a fluid near its critical
state by the high heat-transfer coefficients
which have been measured in this region. This
makes fluids near the critical point very promis-
ing coolants for various engineering applica-
tions. Heat transfer in laminar and turbulent
forced convection has been studied as well as
under free convection conditions [1, 2]. The
present investigation is an attempt to utilize the
Zehnder-Mach interferometer for such a study.
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The interferometer as a tool offers the advantage
that the critical condition can be approached
closer and that in particular much smaller tem-
perature differences can be investigated than was
possible in previous heat-transfer studies. On
the other hand, various problems are encountered
in the evaluation procedure, the most prominent
being that information on thermodynamic and
transport properties is required. Substances
near the critical region, however, exhibit un-
usual phenomena which have not been adequately
determined either theoretically or experimen-
tally. Especially the behavior of their properties
was found perplexing, as it appears that values
obtained in various investigations are dependent
on the apparatus used, on the history of handling
of the fluid, and on the presence of impurities
[3, 4, 5].

The present study was undertaken to examine
laminar free convection on simple model
configurations at temperatures slightly above
the critical, and at near critical pressures [6].
The results discussed in this paper are for a
vertical plate immersed in carbon dioxide, This
fluid was chosen for convenience as its critical
temperature, 31:04 °C, is not too different
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more, the critical pressure, 72-85 atm.* 13 easily
obtainable. The critical density is 0-467 gjcm®.

APPARATUS

The present paper reports on one of the
geometries investigated, namely a vertical plate
arranged in a cylindrical test chamber. The
plate, a nichrome sheet, and the test chamber
can be seen in the photograph (Fig. 1), and the
test chamber itself is shown once more in Fig. 2.
The chamber has an internal length of 4 in and
an internal diameter of 6-5 in. Glass windows of
optical quality are arranged in each of the two
end plates. The windows are held in the chamber
by the internal pressure only and rest on a
ground plate with small elongated opening. In this
way, the bending of the windows with resultant
distortion of the interference fringes was kept
small. Carbon dioxide was supplied from a
50 1b commercial bottle equipped with a siphon
tube and is introduced into the test chamber by
the tube shown on top of the chamber cylinder.
The purity of the carbon dioxide in one of the
bottles was checked on a mass spectrometer.
Contamination by 0-07 per cent of air and

from the usual ambient temperature. Further- * 1 atm = 760 mm mercury column 101325 Nym2.
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FiG. 2. Scale drawing of test chamber,



FiG. 1. Test chamber with cover removed, showing flat plate model.
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F1G. 9. Stepped gradients as occurring during heat- Fii. 10. Stepped gradients as occurring durin
ing. (T — 34-85°C, P = 77-1 atm, duration about establishment of equilibrium after pressure release
158.) (T ~ 32:10°C, P = 74-40 atm, duration a few

seconds.)



Fi1G6. 11. Typical interferogram. (7 = 32-14°C, FiG. 12. Transition to turbulence. Model colder
P = 75-49 atm, g = 0-0328 cal/h em?) than fluid. {7 = 32:1°C, P — 75-2 atm.)
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0-08 per cent of nitrogen was measured. It is,
however, possible that part of this contaminant
was introduced while taking the sample.

The temperature in the working fluid was
measured by five copper constantan thermo-
couples connected in series and arranged in a
line parallel to the cylinder axis and adjacent
to the model (Fig. 1). The output from the
thermocouples was registered by a self-balancing
potentiometer which was frequently re-calibrated
against a Wenner potentiometer. The thermo-
couples were calibrated against a platinum
resistance thermometer which in turn has been
calibrated by the National Bureau of Standards
with an additional check using the sodium
sulfate transition point. On this basis it is
estimated that the absolute temperature could
be measured to 0-01°C. Much smaller tempera-
ture differences were obtained from the inter-
ferograms.

Temperature control was achieved by im-
mersing the entire test chamber into a thermo-
statically controlled water bath, the primary
control coming from a Hoeppler thermostat.
The stability of the temperature in the test
chamber depended on fluctuations in the
ambient conditions and at most underwent a
slow change of about 0-03°C in 10 min.

Pressure measurements were made with a
precision dead-weight gage having an accuracy
better than 0-04 per cent.

The test chamber was placed in one of the
two light beams of a Zehnder-Mach interfero-
meter. A variable width water chamber was
placed in the second beam to provide adjustment
for equal optical path length in both beams.
The interferometer has glass plates with 6 in
diameter. A detailed description of the instru-
ment is found in [7]. The light beam traversing
the test chamber did not pass through the water
bath because the test chamber was connected
through the tubes and rubber seals, indicated
in Fig. 2, with the vertical walls of the bath.

The flat plate model was constructed from a
nichrome ribbon 2-5 in long in vertical direction,
1:5 in wide in light beam direction, and 0-002 in
thick, the ribbon being held taut and flat by the
spring seen in Fig. 1. A storage battery provided
direct current heating. The current was deter-
mined by measuring the voltage drop across an
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accurately determined resistance in series with the
model., The measurement of the heat rate
leaving the plate should not be in error by more
than -+2 per cent.

EXPERIMENTAL PROCEDURE

Prior to filling, the test chamber was flushed
out with carbon dioxide from the supply
bottlé. It was then filled to high pressure and
exhausted several times. The final filling was
assisted by packing ice around the chamber
and opening the supply line as rapidly as pos-
sible, thus filling the test space completely with
liquid carbon dioxide. As the apparatus was not
equipped with a stirrer, the fluid was first
heated to several degrees above the critical tem-
perature to avoid any persistence of the meniscus
region generally associated with passage through
the critical point. The test conditions were then
approached, 4-6 h being required for the
attainment of equilibrium. In certain cases,
this equilibrium was easily maintained whereas
in others, particularly near the critical point,
equilibrium was a fleeting situation and only
endured for a few minutes at a time. In such
instances, the remaining test procedure was
conducted as quickly as possible and with
frequent repetitions. Even this condition could
not be obtained closer than to about 1 degC to
the critical point. In adjustments closer to the
critical condition, circulations in the fluid as
detected by the interferometer could not be
avoided.

After setting the heating rate and on attain-
ment of steady conditions, photographs were
taken with the camera focused on the vertical
center plane of the plate and on a plane 2-3 in
distant from the first one. The second photo-
graph was used to assist in the evaluation of the
refraction error which will be discussed later on.

The state of the fluid was varied either by
changing the temperature at constant density
or by releasing fluid from the chamber, varying
in this way the density, and then returning to the
original temperature. Due to the large thermal
capacity involved, the latter procedure proved
to be the most convenient one.

Limitations on the rate of heating were
imposed by the fluid behavior. If too low, a
slow pulsating: instability was evident in the
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boundary layer and if too high, early transition
to turbulence occurred. The temperature dif-
ferences between the plate and the fluid outside
the boundary layers were between 0-001 and
0-01°C.

ANALYSIS
The evaluation of an interferogram gives
directly information on the refractive index
field in the fluid. This can be changed into
a density distribution by use of the Lorenz—
Lorentz equation.

n? - )

EET I
The value of the constant K for carbon dioxide
was taken from [8]. It appears that this para-
meter exhibits no unusual behavior near the
critical condition. The density difference across
the boundary layer adjacent to the heated plate
surface and the density gradient at the wall
surface were evaluated specifically.

A number of corrections have to be made in
the evaluation of an interferogram. They are
well described in the literature [9]. The inter-
ferometer integrates all density variations en-
countered by a light ray as it travels through the
working section. Near the heated surface, the
light ray is bent as a consequence of the trans-
verse density gradient. On a heated surface, as
in the present investigation, the light ray is
bent away from the surface. This effect gives
rise to a displacement error as the plate surface
appears in the photo at a location slightly
different from its actual position. This shift
may be determined by comparison with a
photo of the unheated plate when the optical
system is focused on the same plane as for the
heated plate. The bending of the light beam also
causes it to travel through regions of varying
density. For an evaluation of this effect. the
path of a light ray was calculated using Fermat’s
principle and assuming a parabolic density
distribution within the boundary layer. The
resulting difference between the density read
from a local evaluation of the interferogram
and the value obtained by integration along the
light path can then be determined if either
the emergent height at the plate end of a ray
initially grazing the surface or the boundary

(1)
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layer thickness is known. The first value was
determined with the help of a photograph taken
with the camera focused on a plane 2 or 3 in
from the center plane of the plate. The second
value was measured from the interferogram
taken with the camera focused at the center
plane. The calculation of the refraction correc-
tion from both values offered a possibility to
check the accuracy of this evaluation. The
boundary layers become extremely thin as the
critical condition is approached and, accordingly,
the refraction correction may assume values of
considerable magnitude. It amounted up to
25 per cent in the determination of the density
difference as well as of the density gradient.
It is estimated that the uncertainty in this
correction causes a possible error up to i-4 per
cent.

Figs. 3 and 4 present the difference between
the density po. of the fluid outside of the boun-
dary layer and the fluid density p, at the wall
surface as well as the density gradient (dp/éy),.
at the wall surface. The density p outside the
boundary layer* is used as abscissa, and the

* The index = is left off the property values where
they do not appear as differences, since the variation
throughout the boundary layer is negligibly small.
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Fici. 3. Density difference across boundary layer
against density in the test chamber.
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F1c. 4. Density gradient at the plate surface against
density in the test chamber.

heat transferred from the plate surface
into the fluid per unit time and area is kept
constant on the individual curves. The test
points are identified by the corresponding test
numbers and Table 1 gives the corresponding

Table 1
Test No. Toc P P q
°C) (atm)*  (g/em® (cal/h cm?)
1 30-47 88-49 0-741 00724
2 30-47 88-49 0741 03263
3 31-60 82:37 0-696 00724
4 3198 79-12 0660 00724
5 3198 79-12 0-660 0-1310
6 3230 7814 0638 00320
7 32-30 7814 0-638 00724
8 32-30 78-14 0-638 0-1310
9 32-13 75-50 0-573 0-0724
10 32:13 75-50 0575 0-0496
i1 3212 74-91 0-528 00496
12 3212 7461 0-454 0-0320
13 3212 74-61 0-454 0-0496
14 3224 76:00 0-330 0-0320
15 33-65 76-84 0-421 0-0320
16. 33-55 7777 0-533 0-0320
17 3045 88-49 0-741 01520
18 31-63 82:36 0-696 0-1290
19 32-14 75-49 0-575 0-0328
20 3212 7461 0454 0-0182
21 3212 74-90 0-528 0-0182
22 3212 7490 . 0528 0-0328

* 1 atm = 101325 N/m? = 760 Torr
Te = 31-04°C, pe = 72-85 atm, ¢ = (-468 g/cm?®,
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test conditions. The evaluations were made at a
distance from the plate leading edge halfway up
the plate.

Heat transfer is conventionally described by
a heat-transfer coefficient obtained by dividing
the heat flux g leaving the wall surface per unit
area and time by an appropriate temperature

potential:

@

This then requires, in the present study, a
knowledge of the temperature field, which
presupposes the existence of information on the
equation of state of the fluid. The results of
measurements to determine the thermodynamic
properties of carbon dioxide in the critical
region are contained in the literature [10, 11].
However, the accent is on temperatures closer
to the critical value than in the present work.
Interpolation into the region of the present
study was carried out graphically through the
use of a pv vs. v diagram. The isotherms in such
a diagram are almost straight lines. Since the
temperature differences Ty — T are extremely
small (between 0-01 and 0-001°C} in the present
study, equation (2) could be transformed into
the relation

_ q
= on = p) @TTep)y S

The measurement of the density gradient at the
plate surface made it also possible to determine
the thermal conductivity appearing in Fourier’s

equation
ar
1=~ k(3) @
by use of the relation (5):
—— 1
X
oy} w\%p)p

The differential quotient (87/8p), was obtained
from the interpolated values of the state para-
meters. This again introduces a certain error,
particularly near the critical condition where
the isotherms are very flat. It is estimated that
this error may be as large as -4 per cent. Even
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the determination of the density in the fluid
from the temperature and the pressure measure-
ments is made difficult near the critical condition.
An independent check, however, was available
in that the width of the water in the compensat-
ing chamber, adjusted for maximum clarity of
the fringes, was proportional to the density in
the test chamber. A calibration was initially
established at a temperature several degrees
above the critical where the isotherm slope has
conveniently large values. No remarkable devia-
tions of the density as determined by the two
methods were observed and it is estimated that
the density was measured accurate to -2 per
cent in the whole range.

Figs. 5 and 6 present the heat-transfer co-
efficient and the thermal conductivity as de-
termined in the way described above. From the
discussion, it will have become clear that
uncertainties in values presented in both figures
as caused by the evaluation, increase with the
approach to the critical condition. A conserva-
tive estimate of the overall errors is given in
the following Table 2 for three of the test
points,

It may be observed that the heat-transfer
coefficient as well as the heat conductivity
values peak as the critical density is approached.
This is a consequence of the behavior of the
parameter (67/2p), which also exhibits a large
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Fia. 5. Heat-transfer coefficient calculated from
equation (3) against density in the test chamber.
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Fi. 6. Thermal conductivity of fluid calculated
from equation {53) against density in the test chamber.

Table 2
Test No. Percent k& Percent 2
13 220 P45
135 25
10 1S

PR

3 i

decrease with approach to the critical state,
large enough to over-compensate the increase
in the density difference or in the density
gradient, respectively, which, according to Figs.
3 and 4 also occurs near the critical condition.
Fig. 6 exhibits a remarkable feature of the
thermal conductivity. All of the dashed lines
in this diagram except for the lowest one have
been measured at the same temperature, 32-12°C,
but at different heating rates, and it can be
observed that the thermal conductivity as
defined by (5) is a function of the heat rate or
consequently of the local temperature gradient
in addition to the state parameters density
and temperature. Its value increases with
increasing heat rate. Fig. 7 is a cross plot in
which the thermal conductivity is presented
for two density values dgalmt the heat rate ¢.
The conductivity appears 1o increase approxi-
mately linearly with heat rate and extrapolation
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FiG. 7. Thermal conductivity against heat rate for
two densities close to the critical value.

to a heat rate zero leads to values which approxi-
mately agree with the values measured at a
temperature of 34:0°C and presented in Fig. 6
by the lowest dashed curve. The peculiar
dependence of the heat conductivity on the
heat rate appears, therefore, to be restricted to
the proximity of the critical state and to dis-
appear with decreasing heat rate. Similar
observations have already been made in previous
measurements of the thermal conductivity. They
were usually ascribed to the occurrence of free
convection currents. Such currents, however,
have to be excluded in the present investigation
since they would have been detected on the
screen exhibiting the interferograms. The pecu-
liar behavior of fluids near their critical condition
is in the literature connected with the possibility
of cluster formation. One might argue that the
formation and break up of such clusters near
the heated plate surface through the shear
within the boundary layer is the cause of the
dependence of the thermal conductivity on heat
rate. Fig. 6 contains as a solid curve values for
the thermal conductivity as determined by
Guildner [12]. These values were again obtained
from measurements at various heat rates by
extrapolation to the heat rate zero. However,
the measurements have been made at tempera-
ture differences which are by orders of magnitude
larger than the ones used in the present investiga-
tion, and it is understandable that an extrapola-
tion of -such measurements would lead to a
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result different from ours. New careful measure-
ments of the thermal conductivity of carbon
dioxide near its critical pressure using small
temperature gradients [16] resulted in values
which appeared independent of temperature
gradient and exhibited a pronounced peak
near the critical point. At a temperature of
32:1°C, the values in [16] are close to those in
Fig. 6 measured at a heat flow rate of 0-0182
cal/h cm? The particular behavior of the ther-
mal conductivity raises some doubt about the
justification of the conventional evaluation of
heat-transfer experiments close to the critical
state which is based on equilibrium thermo-
dynamic and transport properties. Obviously
more detailed studies have to be made in order
to answer this question.

Various attempts have been made to find a
correlation which describes for engineering
purposes the heat flux as obtained in the present
tests. The following relation proved most
successful :

ql \/]T— TCI . 9 Rao
"'*‘V‘T,c—" =325 x 10 \71—)—"0 (6)

T jery
Pcko (%)p

The value 12-7 cal/cm s degC has been introduced
for the thermal conductivity k, in this equation

10° T 117 P A P
&_"w | Ag=12-7cal fem!s deg C
T 3 N
o p. = 488 g /em O i
.7 - 304-04°K i T J
il { ! ; fe) ‘ :
R B o
‘ L o i
‘9 102 ’ I | ‘1 J u |
1 R A - S
A
d RN N
e : ! 1] j ]
i\:\ﬂ- __,‘Jf i ; ‘ Q ,j»“ u‘g;y
o e T ]
CY AL S v 708 B ﬂ“% a——
° ! L | N ;
R T - T
A | ’ | \‘ {
? T
. ; i
| il T
NI
10 . L 1 ‘ 1 ! .
10 ) 07
Ra; x 107°
v FPry

FiG. 8. Correlation of test results.



688 H. A. SIMON and

E. R. G. ECKERT

1007 N T T T ‘ B
| PN L L !
i \\Q\ ; }
N ‘
N ;
AN
i : \
o R RN i
s - - ——r
x . \ :
£ N o
\u | : \ ‘ ‘
S 100+ + N e v
Lo N
j N j
-t - — e — T N i
r ! o Mo '
S S A A
1 f L
10 10 100 ‘_
Pr
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to avoid the dependance on heat flux. Values
for viscosity and specific heat were taken from
[13, 14, 15]. Fig. 8 indicates to what the degree
experimental values agree with the equation (6)
presented by the solid line.

Figs. 9-12 are reproductions of interference
photos.

The peculiar behavior of the fluid near the
critical state is also evidenced by the fact that
occasionally stepped gradients, as shown in
Figs. 9 and 10, rapidly appeared and disappeared
during periods of adjustment of the test chamber
conditions. These might again be connected
with the formation and sedimentation of clusters.
The heat-transfer models in these photos are a
horizontal cylinder and a vertical plate of
different construction.

It has been mentioned before that it was
necessary to keep the heat rate below certain
values in order to prevent transition to turbulence
in the boundary layer. A few observations of
the transition process have been made and the
critical Grashof number for transition obtained
in these is plotted against the fluid Prandtl
number in Fig. 13. The critical length in the
Grashof number was taken as that distance
from the lower plate end at which the amplitude
of the boundary layer oscillation had grown to
the same order of magnitude as the boundary
layer thickness. A photograph of such a transi-
tion phenomenon is shown in Fig. 12 whereas

Fig. 1l represents laminar boundary layers.
It is felt that the information in Fig. 13 should
not be applied to other fluids without further
confirmation.

On several of the interferograms, for instance
in Fig. 11, a hook in the fringes is apparent at
the outer edge of the boundary layer which.
in the evaluation as presented before, would
mean that the density goes through a maximum
and the temperature of the fluid through a
minimum in a region close to the outer edge
of the boundary layer. No satisfactory explana-
tion of this observation can be offered at
present.
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APPENDIX

Refraction error

A light ray traversing the boundary layer i
refracted away from the heated surface. Thus it
passes through a region of varying density near
the heated surface, and passes through subsequent
constant density regions at an angle to the
optical axis. Errors in the indicated density
field due to the latter effect are easily allowed
for once the angle of the light ray is known [6, 9].
The method used to estimate the refraction error
due to the light ray traversing a varying density
region is indicated below.

Applying Fermat’s principle to the path of a
light ray, provided the angle of deflection is
small, gives the following equation:

1 dn dé
ndy  dx
Assuming that n ~ 1 so that the Gladstone—
Dale equation is applicable gives:
Kdp df dp
I’Id}: d){ deydzftn~1

Taking the density profile in the boundary
layer to be parabolic, and given by

(p — pw) = (po — puw) 2n — %) N

where

=7 i
=75 and S—L
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one obtains

dp
dy = Apa — puw) (1 — 7).

The differential equation of the light path is
then
82 d2y
2pw — pu) (1 —m) = 2K dgr

Let

212
2 = 5 K(po — Pw)o

a constant for a particular location on a steadily
heated surface.

Applying the boundary conditions & = 0 at
£ =0,and » = 9 at £ = 1 leads to the following
equation for the light path:

(77 e l)cos
T cosy/Q @)

The angle to the optical axis at which the light
ray emerges from the heated surface is given by:

v, |

8
B = i V(&) (1 — ne) tan /0. %)
Combining equations (7) and (8) gives p as a
function of » and ¢.
The average density along the light path is

given by

pav = [i p(€) d§, for small 6.
This gives
pav — p (m —? [ siny/(£) cos /2
po — pu 2 Ve

where 7 = #; at £
density at £ = 0,

= 0 and p is the actual

Forn; =0
pav—p sin /(%) cos v/
P — Pw 2[1 \/'Q ‘ (10)

Analysis of the interferograms including other
optical corrections gives a value {(po — pw)*.

Also
pav — P)
- 11
oo (1

(po = pu)* = (poo — pu) ( 1=
Poo
for the light ray incident on the surface.
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The above equations can now be used to
estimate the refraction error if either 8 or y, are
known.

Both of these parameters could be estimated
from the photographs taken and in general
cach led to a different value of the error. This
was mainly due to the fact that the density
profile was not in fact parabolic, but also
because neither & nor y, could be measured
accurately. For convenience the solution was
conducted graphically using both & and j..
The arithmetic mean of the two corrections
obtained was used.

The maximum error applied was never more

H. A. SIMON and E. R. G.
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than about 25 per cent, and the maximum range
bracketted by using 8 and y, was about -{-15 per
cent of this correction or about -+ 4 per cent on
{ P ,016')-

The procedure adopted was: (i) measure h’
and (p pe)’. Use equations (11) and (12
and the equation defining 2 to determine S),
(p o) and ('p,” fud po. )y (i)
measure ve and (pe  pp)’. Use equations (8)
withyand ¢ -0, (11)yand (12) and the equation
defining 2 to determine 8, £2, (px ) and

(pyy M pa pud. Finally since @ s a
constant, (10} can be used to determine the

error for any ;.

Résumé—On décrit ici une recherche expérimentale sur la convection libre faminaire a partiv d'une
plaque plane verticale chauffée, immergé dans du gaz carbonique au voisinage du point critique. La
visualisation, faite avec un interférométre de Zehnder-Mach, permet d’avoir une image instantanée de

la distribution de lindice de réfraction.

Lrutilisation de "équation Lorenz-Lorenz et les données

relatives aux propriétés d’équilibre permettent de déterminer le champ des températures et.
par suite, le calcul du coefficient d'échange thermique et de la conductivité thermique du fluide.

On a utilisé des flux de chauffage trés faibles, les différences de température étant de Pordre de
0,001-0,01°C, de sorte que I'on est trés prés des conditions ou les propriétés restent constuantes.

On a trouvé, dans [a zone critique, des valeurs élevées de la conductivité thermique ct du ceefficient
d’échange, ces deux paramétres ayant une influence sur le flux de chaleur.

On a étudié une application technique du coefficient d"échange thermique. Dans lcs essais considérés.,
le nombre de Grashof critique pour la transition de I'écoulement laminaire a 'écoulement turbulent

¢st fonction du nombre de Prandtl.

Zusammenfassung—Es wird eine experimentelle Untersuchung der laminaren freien Konvektion
beschrieben an einer beheizten senkrechien ebenen Platte in Kohlendioxyd nahe dem Kritischen

Punkt. Der Versuchsraum wurde mit cinem Zehnder-Mach-Interferometer beobachtet,

wis gin

unmittelbares Bild der Brechungsindexverteilung lieferte. Mit Hilfe der Lorenz-Lorenz-Gleichung
und den Gleichgewichtsstoffwerten erhilt man das Temperaturfeld und damit den Wirme-{ibergangs
koeflizienten und die Warmeleitfdhigkeit der Fliissigkeit.
Mit sehr kleinen Warmestromdichten bei Temperaturdifferenzen in der Grossenordnung 0,001~
0,01°C wurde der Fall konstanter Eigenschaften weitgehend angendhert.
Fur die Warmeleitfihigkeit und den Wirmeiibergangskoeffizienten ergaben sich im kritischen
Bereich grosse Werte, wobei beide Parameter eine Abhéingigkeit von der Wirmestromdichte zeigten.
Fiir den Wirmeiibergangskoeffizienten wurde eine Gebrauchsgleichung entwickelt. Die kritische
Grashofzah! fiir den Ubergang von laminarer in turbulente Strémungsform less sich in den
vorliegenden Versuchen als Funktion der Prandtizahl darstellen.

Anporanua—(nucpBaercs

HRCHCPUA CHTRIL IO
HONBEKHHH OT HATPETON BePTURAALHON ILTOCKGHT NIFaCTHUBL,

Hee e oBarine gdaaauapyoii epodoanoi
HOTPYHEERHIONH B NTUIeRACHOTY

BhnsY I\pn’l‘ll‘l@(‘{x()ll tours. Halneesns 3a ihiﬂﬂ‘{ll\l VHACTHROM NPROHABOAHICH ¢ HOMOIILIO
uH're})(i)epmu”)‘pa Maxa- ]l(“!\,i(‘ Ve, WO ABATO MPROBCHHY IO RADTHHY DacHpeiedenis BHANeHmit

TOKARATEAA  (TPCITOMICHU, Heroomaesanue

YpagHenus

Hdopeuna~lopentia o @QHHBX ©

PABNORECHONM COCTORHHI 1O B3ROJUAC CLETATH BBBOY OTHOCATEIBHO TeMUepaTypuora nois,
hO’lOpb{U AAeT BOBMOMHOOTL DRCCHHTATH i ()’){i}(b{llu!(‘“ THE TEIOODMOHA 11 Ten, TOHPOBOANOCTH

epenl,

IIJI‘[)(’B&HLIU HPOMCXOMNIID ¢ 09€Hb He DOTBLIIMH ROPpOCTAME .,

4 PABHOCTL Tewneparyp

Oblita nopaia 0,001-0,01°C, tar 916 8 paceMATRUBALNOT OFIACTIE dRanvecine cROHCTRA

AR OAU3KH K TIOCTOHHHLIV .

B kpurniec kol ofIacmit Haid AEHe L BRCORIe 3Hadenin RonQQuiieHron Teimorpoe.ii-
OOTH E TEILTOOOM IR, TPH HeN 000 BOHIMIHBE HAXO,HICh B 3ABHERMOCTI 07T CHOPOCTit narpena,
Haifena pacueruan gOppessiius U onpetedenst sosdpQuienta renioodyena. Hum—
3AHO, HTO B VEAOBUITX OFLITOR LI VEPeXOLHOT0 POAHNA (07 JAMITHAPHOTD K TY POV eHTHoN N
RprTHYCCROe ueno pacroda wpaaeren gyisipedll e Hpaug'r'm



