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Abstract-Free convective heat transfer to mixtures of ethane and n-heptane are studied experimentally. 
A horizontal platinum wire is used in the investigations. During the measurements the pressure is kept 
above the critical pressure, and the bulk temperature below the critical temperature of the mixture. For 
pressures below the maximum pressure of the phase envelope, i.e. in the region where retrograde con- 
densation could occur, a strong increase of the heat transfer coefficient is observed coinciding with the 
onset of retrograde condensation. Visual observations show highly turbulent boiling-like behaviour of the 
flow pattern at the wire during this mode of heat transfer. For high-temperature differences the heat transfer 
mechanism is found to be similar to film boiling for pressures not too close to the critical point. If the 
pressure is close to the critical point the heat transfer mechanism for high-temperature differences changes 

and resembles turbulent free convective heat transfer. 

INTRODUCTION 

FREE CONVECTIVE heat transfer to pure fluids close to 
the critical point has been investigated in numerous 
studies [l-7]. Reviews are given by Hendricks er ul. 
[8] and Hall [9]. Theoretical investigations [IO] for 

laminar free convection confirmed the influence of 

fluid properties on the heat transfer enhancement at 
the critical point. In recent investigations [l l-141 
forced and free convective heat transfer to binary 

mixtures were studied. Jump and Marshall [ 131 used 
azeotropic refrigerant mixtures in their studies. Simi- 
lar to pure fluids an increase of the heat transfer coeffi- 
cient for small temperature differences was found. Jones 
rt al. [l4] performed experiments with mixtures of 
carbon dioxide and n-decane. In all experiments 
an enhancement of the heat transfer was observed. 

In the present investigation free convective heat 
transfer to mixtures of ethane-n-heptane in the critical 
region was studied. A thin wire was used in the 
measurements. The goal of the experiments was to 
investigate the enhancement of heat transfer at the 
critical point and the influence of retrograde con- 
densation. 

FUNDAMENTALS 

Similar to pure fluids the fluid properties of binary 

mixtures exhibit strong changes or peaks close to the 
critical point of the mixture. For each given com- 
position of a binary fluid a critical point exists. There- 
fore, as shown in Fig. 1. the critical points of a binary 
mixture represent the critical locus line if plotted in a 
p-T diagram. For most mixtures the critical locus line 
runs continuously between the critical points of the 
pure components which are the end points of the 
vapour pressure curves of the pure components [S]. It 

should be noted that critical points of the mixture can 
be at pressures or temperatures which are higher than 
the critical pressure or temperature of the pure com- 
ponents. Additionally, Fig. 1 shows the phase envel- 
ope of a mixture with given composition x,. The two- 
phase region is bounded by the dew-point line and the 
boiling-point line which meet at the critical point c, 
of the mixture. For pure fluids no vapour-liquid phase 

transitions are possible for pressures above the critical 
pressure and for temperatures above the critical tem- 
perature. As can easily be seen from Fig. 1, for a 
mixture with given composition x, two phases can 
coexist for pressures up to prnax and for temperatures 

UP to T,,, which are above the critical pressure and 

temperature of the mixture. Therefore, in contrast to 
pure fluids in mixtures two phases can coexist above 
the critical point. 

These properties of mixtures cause so-called retro- 
grade phenomena which were first described in detail 

Temperature 1 

FIG. 1. Schematic phase diagram of a binary mixture in the 
p- T plane. 
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NOMENCLATURE 

isobaric specific heat capacity 

[kJ kgg’ K -‘I 
exponent defined by equation (2) 

l-1 
pressure [bar] 
heat flux [W m ‘J 

temperature difference [K]. 

Subscripts 

b bulk 

C critical 
m mixture 
1TlLiX maximum value 
W wire. 

Greek symbol 
r heat transfer coefficient defined by 

equation (I) [W me2 K ‘I. 

by Kuenen [16]. Retrograde condensation occurs if. 
as shown in Fig. I, the temperature of a mixture is 
increased at constant pressure from point 1 to point 
4. At point I a single phase exists. Increasing the 
temperature of the mixture the dew-point line is 
reached. When at point 2 the dew-point line is tra- 
versed from the single phase to the two-phase region, 
a liquid phase occurs. Increasing the temperature 
further, the dew-point line is traversed again at point 
3. now from the two-phase to the single phase region. 

Therefore, the liquid phase disappears and again only 
a single phase exists. While continuously increasing 

the temperature first a liquid phase occurs which later 
disappears again on further increasing temperature. 
The phenomenon of retrograde condensation can also 
occur in heat transfer processes. If the bulk condition 
of a binary mixture is such that the temperature and 

pressure of the mixture are represented by point I in 
Fig. I and the condition at a heated surface by point 
4, retrograde condensation occurs in the thermal 
boundary layer. In this case a twofold phase change 
occurs in the thermal boundary layer. This should 
introduce disturbances and therefore enhance the heat 
transfer. 

In Fig. 1 the locus of the maximum value of the 
specific heat capacity c’,,,,,_ in the p--T plane is also 
plotted schematically as a broken line. The curve 
which is also called the pseudocritical curve originates 
at the critical point of the mixture and exhibits a 
positive slope and curvature [17]. This behaviour is 
similar to pure fluids where the pseudocritical curve is 
a smooth continuation of the vapour-pressure curve. 
The maximum values of the coefficient of thermal 
expansion have an analogous behaviour. Therefore. 
density decreases rapidly for temperatures above the 
pseudocritical temperature. 

An estimate of the critical data of the ethanee 
n-heptane mixtures used in the investigation yielded 
T, = 46 C, pL = 57 bar and P,,,,,~ = 63 bar for a mole 
fraction of 97.3% ethane and T, = 45 C. pc = 55.5 
bar and p.,;,, = 61 bar for a mole fraction of 97.6% 
ethane. Although vapour-liquid equilibrium data for 
the binary mixture ethanc-n-heptane exist [ 18. 191 a 

quantitative description of all mixture properties in 

the critical region, needed for heat transfer calcu- 
lations, is difficult. Using correlations or equations 
of state for calculating fluid properties yield unsat- 
isfactory results mainly due to insufficient exper- 
imental property data. Nevertheless, the qualitative 
description of the fluid properties of ethane- 
n-heptane as given in Fig. I is satisfactory to describe 
the observed heat transfer phenomena. 

EXPERIMENTAL APPARATUS AND 

PROCEDURES 

The experiments were carried out with an apparatus 
shown schematically in Fig. 2. The main components 
of the apparatus are a pressure cell with a thin wire 

mounted horizontally inside the cell. 
The pressure cell has a volume of about 1.3 I and is 

built of stainless steel. It consists of two cylinders, a 
horizontal cylinder upon which a second cylinder is 
welded vertically. The vertical cylinder houses a piston 
which can be moved from the outside with an ele- 
vating screw. In the flanges of the horizontal cylinder 
two Pyrex windows are installed to allow for visual 
observation of the wire. 

In the horizontal part of the pressure cell an elec- 
trically heated platinum wire of 0.1 mm diameter is 
mounted horizontally serving as a heating surface. As 
an electrical source a high current d.c. power supply 

is used. The pressure in the cell is measured with a high 
precision Bourdon manometer and with a pressure 
transducer. The bulk temperature in the cell is deter- 
mined with a platinum resistance thermometer. The 
fluid in the cell can be stirred with a magnetic stirrer. 

The cell is insulated and can be thermostated with 
air. Capillary tubes connect the cell with valves used 
for evacuating and filling the cell with the test mixture. 
After evacuating the cell, each of the components was 
filled in separately. To facilitate the filling the cell 
can be cooled below the ambient temperature with 
a cryostat. The amount of substance filled in was 
determined by weighing the sample vessels before and 
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FIG. 2. Experimental apparatus : 1, pressure cell ; 2, platinum wire : 3, piston to change volume of cell ; 4, 
stirrer: 5, with air thermostated enclosure; 6. sample vessel : 7, sample vessel ; 8, air supply: 9. air heater : 

10, air heat exchanger ; 11, cryostat : 12. vacuum. 

after filling. The composition could then be deter- 
mined with an estimated accuracy of 0.05%. 

After filling the test cell with the mixture, the tem- 
perature of the cell was adjusted to a value below the 
critical temperature of the mixture. When steady state 
was reached the pressure in the cell could be set to a 
value above the critical pressure of the mixture. This 
was accomplished by changing the volume of the test 
cell by moving the piston in the cell with the elevating 

screw. 
Measurements were taken at constant pressure. The 

electrical power input was increased in steps up to 150 
kW m- 2. Because of the low wire surface the overall 
heat input was small in relation to the large volume 

of the test mixture so that the change of temperature 
and pressure in the cell could be neglected. 

The reported heat transfer coefficients are cal- 
culated from 

4 
u=T,-T,. (1) 

Assuming no heat losses, the electrical power input 
equals the heat transferred from the wire to the 
mixture. The electrical power input was determined 
from the voltage drop across the wire and across a 
precision resistor. The bulk temperature Tb is mea- 
sured with a platinum resistance thermometer. The 
wire temperature T, was calculated from the resist- 
ance of the wire at bulk temperature and the known 
coefficient of resistivity for platinum. Errors in the 
heat transfer coefficient were estimated to be less than 
4% for temperature differences of 20 K. The errors 

increase for smaller temperature differences and reach 
12% for temperature differences of 1 K. 

EXPERIMENTAL RESULTS AND DISCUSSION 

Heat tram@ with retrograde condensation 
Experimental results for a mixture of 97.6% ethane 

and 2.4% n-heptane are shown in Fig. 3. The bulk 
temperature was 38S’C, the pressure in the cell 56.6 
bar. The data points were taken at constant current 

through the wire which was increased in steps. For 
each heat flux from the wire to the mixture one data 
point was taken. In Fig. 3 the heat flux is plotted as a 
function of the temperature difference between the 
wire and bulk temperature. Three different charac- 

teristics of the dependency of the heat flux on the 
temperature difference can be distinguished. For small 
heat flux values the temperature difference increases 
proportional to the heat flux. From a heat flux of 
25 kW mm’ on, the temperature difference remains 
constant at 9 K up to a heat flux of 50 kW mm ‘. 
For high heat flux values the temperature difference 
increases again. 

The different functional dependencies of the heat 
flux on the temperature difference can be explained 
when the corresponding phase behaviour of the mix- 
ture is taken into consideration. Together with the 
visual observations made during the measurements, 
the phenomena can be made clear. In Fig. I the state 
transition from point 1 to point 4 shows schematically 
the state of the fluid at the wire surface during the 
measurements. When the wire is not heated, pressure 
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FIG. 3. Heat flux vs temperature difference. 

and temperature are resembled by point I. When a 
current is applied to the wire, the condition at the wire 
surface moves along an isobar from point I to point 
4. As soon as the wire temperature is at point 7 retro- 
grade condensation can occur. Between point 3 and 
point 3 retrograde condensation occurs which 
enhances the heat transfer drastically. Therefore. as 
shown in Fig. 3 the temperature difference remains at 
9 K even when the heat flux is increased. The heat 
transfer is enhanced for the data points in Fig. 3 where 
the wire temperature corresponds with the tem- 
peratures between points 2 and 3 in Fig. I. 

The enhancement of heat transfer for temperature 
differences between 9 and 7_0 K due to retrograde 
condensation was confirmed by visual observations 
of the flow pattern. The enhancement coincided with 
a sudden change of the flow pattern as shown in Fig. 
9. The left part of the photograph shows a highly 
agitated Aow pattern above the dark horizontal line 
representing the wire. The agitated flow pattern was 
observed when retrograde condensation occurred. 
The right part of the photograph shows a region above 
the wire with no turbulence. It should be mentioned 
that the photograph does not show a stable condition. 
The transition zone between laminar and turbulent 
flow moved from left to right along the wire when 
the photograph was taken. The agitated flow pattern 
started at a single point and then proliferated along 

the wire in analogy to boiling which can also start at 
a single nucleation site and subsequently spread over 
the heated surface. Boiling-like phenomena were 
reported earlier by Nishikawa et ul. [6] and by Knapp 
and Sabersky [5] for pure substances above their criti- 
cal point. The photographs for boiling-like flow in 
the work of Nishikawa PT al. [6] and of Knapp and 
Sabersky [5] show a close resemblance to Fig. 4. 

The enhancement of heat transfer in the tem- 
perature range where retrograde condensation occurs. 
can be seen in Fig. 4 where the heat transfer coefficient 
is plotted as a function of the wire temperature. The 
same dependencies can be observed as in Fig. 3. For 
the first data points the heat transfer coefhcicnt 
increases with wire temperature, then for a tem- 
perature range corresponding to the temperatures of 
points 7 and 3 in Fig. 1 the heat transfer coefficient 
reaches peak values above 4000 W m - ’ K ’ For 
high wire temperatures the heat transfer coefficient 
decreases slowly with the wire temperatures. 

In Fig. 5 results are plotted for different system 
pressures. The ethane-n-heptane mixture contained 
Q7.6% ethane. The bulk temperature was 38.5,-C. The 
pressure levels cover a range from pressures where 
retrograde condensation can occur to pressures where 

xc2 i 0.976 
I, = 38S°C 
,Y = 56.6 bar , 
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FIG. 4. Flow pattern at wire. 
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FIG. 5. Heat transfer coefficient vs wire temperature. 

no phase change is possible. For the data points at 
pressures of 55:9 and 57.3 bar retrograde con- 

densation occurs. The curves for these two pressures 
are similar to the curve in Fig. 3. For pressures of 
57.9, 65.4 and 70.7 bar no retrograde condensation 
occurs. As shown in Fig. 6, the data points can be 

approximated by straight lines. For temperature 
differences up to 20 K the heat flux depends on the 
pressure, whereas for temperature differences above 
20 K the data points can be approximated by a single 
line. For pressures where retrograde condensation 

occurs, the data points for temperature differences 
below and above the retrograde region show a similar 
behaviour to the data points with no retrograde con- 
densation. 

The slope of the lines in Fig. 5 change at tem- 
perature differences between 10 and 20 K which is 
attributed to the fact that the pseudocritical tem- 
perature is reached where fluid properties change 
strongly. In analogy to the c,,,, curve in Fig. 1 the 

change of slope occurs for higher pressures at higher 
temperatures. In free convection and pool boiling heat 
transfer the dependency of the heat flux on the tem- 
perature difference can be described by power laws of 
the type 

d-AT (2) 

where the exponent n depends on the mode of heat 

transfer. Therefore, calculating the exponent n from 
the lines shown in Fig. 5 the mode of heat transfer 

can be deduced. A least squares fit of the data points 
(line I) with temperature differences above 20 K yields 
n = 0.86. This value is close ton = 4/5 which is found 
in the literature for film boiling [20]. The sudden 
decrease of density for wire temperatures above the 

pseudocritical temperatures could explain the for- 
mation of a low density layer around the wire anal- 
ogous to a layer of vapour formed in film boiling. This 

explanation was confirmed by the visual observation 
which showed turbulence only at a distance above the 
wire and no turbulence at the wire. The data points 
on line II are below the pseudocritical temperature. 
Therefore, values of the specific heat capacity and 
density are much higher than for the data points on 
curve I. A least squares fit for line II yields n = I .3 
which is close to the value of n = 4/3 for turbulent 
free convection. 

For the same data points as in Fig. 5 the heat 
transfer coefficient is plotted as a function of the wire 

temperature in Fig. 6. For the pressures where retro- 
grade condensation occurs a strong increase of the 
heat transfer coefficient can be observed. For press- 
ures of 57.9, 65.4 and 70.7 bar no phase change 
occurs. The heat transfer coefficient reaches a 
maximum and decreases slowly for higher tem- 
peratures of the wire. The temperature for which the 
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FIG. 6. Heat flux vs temperature difference 
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FIG. 7. Heat transfer coefficient vs wire temperature 

maximum heat transfer coefficient occurs is a function 
of the system pressure analogous to the behaviour of 

the pseudocritical temperature. 

Heut tram& close to the critical pressure 
Figure 7 shows measurements for three different 

pressure levels for a mixture of 97.3% ethane and 
2.7% n-heptane. The bulk temperature was 43.5~‘C 
for all three data series. The heat flux density is plotted 
as a function of the temperature difference. As before 
different types of dependencies of the heat flux on the 
temperature difference can be distinguished. The data 
series at a pressure of 57.9 and 58.8 bar are similar to 
those in Fig. 5. The curve for a pressure of 57.3 bar is 
above these data points for temperature differences 

above 10 K. For temperature differences up to 9 K 
the curves show the same behaviour. 

Approximating the data points for high-tem- 
perature differences with the straight lines I and II the 
mode of heat transfer can be concluded from their 
slope. The slope of curve I yields values for II of the 

order of 4/5 as in Fig. 5. The slope of curve II is of 
the order of 1.35 which is close to the value of 4/3 
observed in turbulent free convection, i.e. the tur- 
bulent flow pattern observed when the wire tem- 

perature is in the retrograde region is extended to 
higher wire temperatures. This turbulent free con- 
vection occurred for pressures close to the critical 

point. The visual observation showed a turbulent flow 
pattern at the wire. For a pressure of 57.3 bar the 
heat transfer coefficient increases with the temperature 

difference as can be seen in Fig. 8 where the heat 
transfer coefficient is plotted as a function of the wire 
temperature. At pressures of 57.9 and 58.8 bar the 
data series are analogous to the data shown in Fig. 7. 

When the wire temperature has a value in the phase 
envelope a strong increase of the heat transfer 
coefficient is observed. For a pressure of 57.3 bar the 
heat transfer coefficient increases to over 
4500 Wrn-’ Km’. 

Visual obserzjations 
Several authors [12, 141 reported liquid flowing 

down from the wire. In the investigation reported here 

for mixtures of ethane-n-heptane no downward flow 
was observed. Although. downward puffs from the 
wire were seen occasionally as reported by Hernandez 
and Marshall [12]. In some of the measurements drop- 
lets forming at the bottom of the wire and dis- 
appearing again could be seen. It can be assumed that 
the occurrence of liquid flowing downward depends 
on the amount of liquid formed during retrograde 
condensation. This in turn would depend on the phase 
behaviour of the binary mixture used. Therefore. 
more accurate fluid property data would allow the 
study of this phenomena. 

1000’ I I I I I 
30 LO 50 60 70 80 OC 103 

Temperature Iw 

FIG. 8. Heat flux vs temperature difference. 
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FIG. 9. Heat transfer coefficient vs wire temperature. 

SUMMARY AND CONCLUSIONS 

Free convective heat transfer to binary mixtures 
above their critical pressure was studied exper- 
imentally. A more than twofold enhancement of the 

heat transfer coefficient to values over 4000 W me2 
K- ’ at temperature differences of 5 K was found due 
to the occurrence of retrograde condensation. Visual 
observations showing boiling-like phenomena con- 

firmed the influence of retrograde condensation. 
When the wire temperature reaches the retrograde 

region, a sudden change of the flow pattern from 
laminar to turbulent boiling-like flow is observed. 

For high-temperature differences and pressures 
above prnax two heat transfer modes were found. If the 
wire temperature is below the pseudocritical tem- 

perature, the dependency of the heat flux on the tem- 
perature difference resembles turbulent free convec- 
tion. For wire temperatures above the pseudocritical 

temperature the heat transfer mechanism is similar to 
film boiling. The strong decrease of density at the 
pseudocritical temperature causes the formation of a 
low density layer around the wire analogous to a 
layer of vapour formed in film boiling. The visual 
observations showed turbulence starting at a distance 
above the wire with no turbulence at the wire. 

Close to the critical point the heat transfer phenom- 
ena were found to be similar to turbulent free convec- 
tion. In this case the turbulent flow pattern observed 
in the retrograde region was extended to higher tem- 
perature differences, i.e. the turbulence induced by 
retrograde condensation persisted for wire tem- 
peratures above the retrograde region. The heat trans- 
fer coefficient increased with the temperature differ- 
ence and reached values of over 4500 W m - ’ K _ ’ In 

order to describe the observed phenomena quan- 
titatively, a better understanding of the fluid prop- 
erties of binary mixtures in the critical region would 
be necessary. 

Acknon,le&ement-We gratefully acknowledge the financial 
support by the Bundesminister fiir Wirtschaft (BMWi)/ 
Arbeitsgemeinschaft industrieller Forschung (AIF)/For- 
schungs-Gesellschaft Vefahrens-Technik e.V (GVT). 

REFERENCES 

E. Schmidt, Warmeiibertragung durch natiirhche Kon- 
vektion in starken Fliehkraftfeldern bei der Kiihlung 
von Gasturbinen, Abh. Braunschw. Wiss. Ges. I, 109- 
155 (1949). 

2. D. L. Doughty and R. M. Drake, Free-convection heat 
transfer from a horizontal right circular cylinder to 
Freon 12 near the critical state, Trans. ASME 78, 1843- 
1850 (1956). 

3. U. Gross und E. Hahne, Der Einfluss des Druckes 
auf den Wgrmeiibergang in einem geneigten geschlos- 
senen Thermosyphon, Chemie-lngr-Tech. 54(10), 921 
(1982). 

4. H. A. Simon and E. R. G. Eckert, Laminar free con- 
vection in CO, near its critical point, Inf. J. Heut MUSS 
Transfer 6,681-690 (1963). 

5. K. K. Knapp and R. H. Sabersky, Free convection heat 
transfer to carbon dioxide near the critical point, Int. J. 
Heat Muss Transfer 9,41-51 (1966). 

6. K. Nishikawa, T. Ito and H. Yamashita, Free-convective 
heat transfer to a supercritical fluid, J. Heat Tramfer 95, 
187-191 (1973). 

7. R. J. Neumann and E. W. P. Hahne, Free convective 
heat transfer to supercritical carbon dioxide, Inr. J. Heut 
Mass Transfer 23, 1643- I652 ( 1980). 

8. R. C. Hendricks, R. J. Simoneau and R. V. Smith. Survey 
of heat transfer to near-critical fluids, NASA Technical 
Note NASA TN-D-5886, Washington, DC (1970). 



2lt-l H. ETILI: and K. 

9. W. B. Hall. Heat transfer near the critical point. A&. 
&a( Trun~fer 7, 1-86 (1971). 

IO. K. Steohan. M. Durst and R. Wind&h. Warme- IS 
iibergang be; freier Stromung im iiberkritischen Gcbict 
reiner Fluide. M’i%m- r/rrti Sto/fiihrrtr. 19, 1X7 194 16 
( 1985). 
M. Durst and K. Stephan, Heat transfer in the critical 
region of binary mixtures, Pruc. N.1TO .-i Fi, ~Vutnr-r,i 17 
C~~trecti~/t. Izmir. Turkey. Hemisphere, New York 
(1985). 
S. Hernandez and E. Marshall, The rlfects of varying 
composition on heat transfer in the critical region of 18 
binary fluid misturcs, Irri. C’rm7rtrwt, Hmt i2frm Tromfi~r 

16, 305314 (1989). 
D. Jump and E. Marshall. Free convection heat transfer I9 
in the critical region of binary fluid mixtures. Pro{,. E&&/t 
Irrt. Hcur Trumftir Cor$. San Francisco. pp. I329 1334. 
Hemisphere, New York (1986). 20 
M. C. Jones, P. J. Giarratano and L. A. Powers, Retro- 
gradecondensation ofcarbondioxidein-decanemixtures 

on horizontal cylinders. .l./.C’h.E. SFIII~. Ser. X3(2571. 
115-121 (1987). 
J. S. Rowlinson. Liytrids crrttl Licluirl ,njli.v/urc.u (2nd Edn 1. 
Butterworth. London ( I97 I ). 

J. P. Kuenen. T/wwic~ dm i ‘(,~~~~~}~~/~~~7~/ trrtd ~‘~,~/~jis,~~~~~/t~t 
t-on ~~~i.~~he~ und der ~~~~ti~~njerten ~~.~t~~~uti#n. Johann 
Ambrosius Barth, Leipzig ( 1906). 
V. F. Yesavage. A. E. Mather. D. L. Katz and J. E. 
Powers. Enthalpies of fluids at clcvnted pressures and 
low temperatures, ltd. Ef~yri,q C/fcw~. 59( I I). 35 52 
(1967). 
W. B. Kay. Liquid- vapor phase equilibrium relation in 
the cth~~ne~n-h~ptanc system. ltrri. Drotr{/ C’fic!rz. 30(4). 
459 564 ( 1938). 
V. S. Mehra and G. Thodos. Vapor liquid equilibrium 
in the ethane n-heptane system. J. C’lretrr. E~z,q/7g Drrrcr 

IO(j), 21 I-215 (1965). 
Verein Deutscher Ingenieure. In b.I)f- W’iir7mwtlu.r. p. 
Ha30. 5.Auflage. VDI-Verlag. Dusseldorf (198X). 

INFLUENCE DES PHENOMENES CRITIQUES SUR LE TRANSFERT THERMIQUE 
DANS LES MELANGES BINAIRES 

R&urn&On &die exp~rimen~dl~ment la convection tbermique naturclle dans des mklangcs d’ethane et 
de n-heptane. Un fit horizontal de platinc est utilise. Pendant Ies mcsurcs la pression reste au dessus de la 
pression critique et la temperature moyenne au dessous de la temperature critique du melange. Pour des 
pressions inferieures a la prcssion maximale de l’enveloppe de phase, par exemple dans la region ou la 
condensation retrograde peut apparaitre, un fort accroissement du coefficient de transfert est observe en 
meme temps que la condensation retrograde. Des observations optiques montrent une ebullition fortement 
turbulente autour du fil pendant ce mode de transfert. Pour des differences de temperature &levees le 
mtcanisme de transfert de chaleur est semblable a I’ebullition en film pour des pressions pas trop proches 
du point critique. Si la pression est voisine du point critique, le mecanisme de transfert therm~qu~ pour les 
grdndes differences de temperature change et ressemble au transfert thermique turbulent de convection 

naturcilc. 

EINFLUD KRITISCHER PHANOMENE AUF DEN W~RME~BERGANG BINARER 
GEMISCHE 

Zusammenfassung-Der konvektive Whrmeubergang an binlre Ethan n-Heptan Gemische wurde exper- 
imentell untersucht. In den Versuchen wurde ein horizontaler Platindraht als Meizfllche verwendet. Wah- 
rend der Messungen war der Druck grol3er als des kritische Druck des Gemisches. die Temperatur des 
ungestiirten Fluids war unterhalb dcr kritischen Temperatur des Gemisches. Fur Driicke unterhalb dcs 
maximalen Druckes der Phasengrenzlinie, d.h. innerhalb des retrograden Gebietes, wurde gleichzeitig mit 
dem Auftreten von retrograder Kondensation eine starke Erhiihung des W~rme~bergangs beobachtet. 
Visuelle Beo~dchtungen zeigten eine hoch turbuleilte siede~hniiche Str~mungsform am Draht wihrend 
dieses Vorgangs. Bei sehr hohen Temperaturdifferenzen zwischen Drdht und Fluid Zndertc sich der Wlr- 
meiibergangsmechanismus und ahneltc Filmsicden. solange der Druck nicht allzu nahe am kritischen 
Druck lag. Fur Driicke nahe am kritischen Druck ergab sich ein Wlrmeiibergangsverhalten wie bei 

turbulentcr freier Konvektion. 

BJIMHHE KPHTH9ECKHX RBJIEHHH HA HEPEHOC TEHJIA B BHHAPHbIX CMEC5iX 

AmioTPlps-_3ncaepwewa.nbHo mzcnenyew~ Komen~mabB nepemc mma B c~ecnx 3TaHa H H- 

rerrwta. B ziccne&osaHmx ~cnom~ye~ca ropn3oHTarrbHaa nnaTmionan npoaonorra. B xone ri3~epe~~B 
naaneririe coxparrnercn nocTo_ cnhmre rcpennecuoro, a cpenrie~ccoeaa rehmeparypa--HsiXce 
KpHT~ecXOii TeMnepaTypbr CMecH. IIpJr AaBJteHHIiX risixe MaKCHMaJibHOTO aaBJI?HHB, CO~T~~TCTB~~O- 

wehfy pansoaemm myx +a3 ztaimo& cMecB, T.e. B oiinacrsf,me Mozuer npo~cxomwb pcrp0rpamaa 

Ko~ex~4 Ha6monamcn csinb~oe ywnwtemze Ko3f&iwieziTa Tennoo6hrIeHa, co~na,a&zo114ee c 803- 
HKKAOBeHEeN peTporpamio% Kofi,uelx!aIwi. rIpSi BX3y&tJrbHbIX Ha6nwnemxx 06HapyrCeHO BbICOK0_ryp- 

6yJIeHTHOe KKfIeHEe, aeanorwuioe czpy~ype Teqemin y UpOBOnOKH IlpH AaHHOM PxHMe 

TennonepeHoca. B cnysae 6o~~u~x piueocreii TeMnepaTyp Mexami3M TermonepeHoca oxasonaercn 
CXOJmbtM c IuIeuo’MbIM PweHaeM npa narsnemfnx, BJWm OTJIli¶ibIX 01 tZIXiTE¶~KOi TOWCH. l?um xe 

AaaTIemie np~6~1uxme~cr I ~~ETEWCICO~ Tose, r+texaimw wu~onpe~oca r&m ~OJTE.IREX paswownx ‘rew 
IIepaTyp H3MeHWTen, H OH CTaHOBETCa I-tOXOXGiM Ha Ty@yJIeHm CBO6OaHOKOH5ZKTliBHb. 


