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Abstract-Post burnout heat transfer has been investigated ~mparativeIy in straight and coiled tubes, in 
order to study the influence of the geometric parameter. Freon 12 has been employed, up to supercritical 
pressures. 

An improved two-phase flow heat transfer has been discovered in coiled than in straight ducts: higher 
burn-out heat fluxes, smoother and lower wall temperature rises at the dry-out point. In post burnout 
heat transfer a wall tem~ra~re difference between the internal and the external side of the coil (with 
respect to the helix axis) is set up. 

This temperature difference remains almost constant with quality downward from the dry-out point, 
depends on flow centrifugal acceleration and pressure, and remains at moderate values up to supercritical 

pressures. 

NOMENCLATURE 
inner diameter of the tube : 
diameter of the coil : 
specific mass flowrate ; 
Nusselt number ; 
pressure ; 
Prandtl number : 
radius of the coil = D,,it12 : 
Reynolds number ; 
slope of the wall temperature pro- 
file after the dry-out point, = 
@T~~z : 
quality : 
abscissa along the test section : 
wall temperature rise at the dry- 
out point : 
difference in the wall tempera- 
tures between two opposite sides 
in the coil : 
surface heat flux : 
reduced pressure (p/p,,); 
density ; 
thermal power : 

‘I: temperature. 

Suffixes 
B.O. 

cr, 

ST 
k 
tn. 
sat, 

V, 

burn-out or dry-out point : 
critical : 
film : 
liquid : 
mixture : 
saturation : 
vapour : 
wall : 
bulk. 

REVIEW OF THE EXISTING ~~~~~ 

HEAT transfer in coiled tubes has been studied 
rather sporadically and with few geometries, 
mainly with gases and water in single phase 
flow. A few measurements in two-phase tlow 
have been recently made, disclosing very inter- 
esting results. 

In the helical flow through a coiled tube there 
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are centrifugal forces and body forces due to 
gravity, which have a separating effect, due 
to the differences in density, in the case of a 
two-phase flow. There is also a spiraling 
secondary flow, which is superimposed on the 
primary flow, following the helicoidal axis. 

In a two-phase flow, the presence of secondary 
How counteracts the separating effects of the 
phases and tends to make the mixture uniform 
for all azimuthal locations in the cross section of 
the coiled tubes. The azimuthal pressure 
distribution within the cross section (Fig. 1) is 

numbers obtained from measurements of the 
velocity and temperature distributions in an air 
flow through curved pipes are in good agreement 
with the theoretical results. They show that the 
secondary flows cause a larger amount of 
pressure drop and heat transfer rate than those 
for straight pipes, and, furthermore, that the 
effect of curvature is far less evident in a turbulent 
flow than in a laminar flow. 

For single-phase, turbulent tlow, McAdams 
[2] cites the results of Jeschke for air in curved 
tubes, for which the heat transfer coefficient 

FIG. 1. Sketch of the azimuthal pressure distribution and the secondary flow within a coiled tube 

not uniform, due to the centrifugal effect, and 
the secondary flow, transverse to the main flow, 
follows loop lines (Fig. 1) which bring coolant 
from the external side to the internal side of the 
coil, thus counteracting the centrifugal field. 

The relative importance of the two separating 
effects (centrifugal and gravity force) in a two- 
phase flow depends, obviously, on the specific 
mass flowrate: buoyancy forces would be felt 
more at lower mass velocities, due to less 
turbulence. 

A precise description of the flow field in a 
diabatic flow is very difficult even for a single 
phase fluid. The difficulty is enormously in- 
creased for a two-phase fluid, and a basic insight 
into the phenomenon would be of great help. 

The most complete analytical treatise of a 
single phase, helical, turbulent flow comes from 
Y. Mori and W. Nakayama [l]. The Nusselt 

exceeded that for a straight tube, at the same 
Reynolds number, by the factor : 

1 + 3.5 *. 
co11 

Seban and McLaughlin [31, for the same situation 
of turbulent flow (water) have deduced, within 
f 5 per cent of experimental error, the following 
empirical correlation : 

Nu = 0.023 Re0’8 Pr0’4 p& wo($yO] 

where the fluid properties have to be evaluated 
at the film temperature. 

Forced convection heat transfer appears 
slightly increased due to the superimposed 
rotational flow which enhances eddy diffusivities 

r4i. 
Considering two-phase flows, major contri- 
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butions come from [5-121. From these refer- 
ences it appears that the main differences 
between coiled (vertical axis of the coil) and 
straight tubes are the following : 

Departure from nucleate boiling (DNB)* 
in coiled tubes occurs at different vapour 
qualities for different positions around the 
circumference of the tube. whereas, for a 
straight vertical tube, DNB occurs around the 
complete circumference of the tube at one 
vapour quality [6, 91. 
Coiled tubes have higher average DNB 
vapour qualities than do straight vertical 
tubes [5-121. 
In the transition from nucleate boiling to 
film boiling (DNB) the surface temperature 
fluctuations are much lower [6]. 
Coiled tubes have some portion of the inside 
surface around the circumference of the tube 
operating under film boiling and adjacent 
surfaces operating under nucleate boiling 
for several doTen diameters along the length 
of the tube 191. 
The rise of tube wall temperature accompany- 
ing DNB in a coiled tube is much smaller and 
more gradual than in a straight vertical 
tube [6]. 
Stratitication in bubble flow can be expected 
through the coil: however the presence of 
nucleate boiling and of transverse circulation 
in the stream facilitates mass transfer in the 
flow to such an extent that sufficient wetting 
of the tube perimeter with water is ensured. 
until the inception of DNB [7. 81. 
In post burnout? there is an increase in the 
heat transfer coefficient (in coiled tubes). due 
to the wetting ofthe tube walls by liquid drops. 
Apparently. in the presence of transverse 

* DNB, burn-out, dry-out arc terms employed in- 
differently in the paper as synonyms. 

t Throughout the paper, the words “burn-out” and 
“dry-out” will be used indifferently, well understanding that 
“dry-out” is a smooth “bum-out” without destructive 
effects, downward from which in the heated duct begins the 
post burnout two-phase flow region, with dry heated walls. 

circulation, the liquid drops suspended in the 
flow have a greater probability of reaching 
the walls than in straight tubes. where no 
intensive transverse circulation is present 

r71. 
Increasing the specific mass flowrate. the 
point of inception of dry-out moves from the 
top side to the internal side (with respect to the 
helix axis) of the tube cross-section [9]. 
At the lowest pressures the inception of dry- 
out takes place almost at the same point 
throughout the periphery of the tube cross 
section (at the same quality): at the same 
surface heat flux, an increase of the llowrate 
corresponds to an increase of the peripheral 
dissymmetry of the dry-out front of inception 

[91. 
Generally. in coiled tubes the heat transfer 
coefficients and the friction factors increase 
during the heating of the fluid and decrease 
during cooling. as the ratio dtubelDcoi, is 
increased [7]. 
The “entrance length” for heat transfer, 
beyond which heat transfer becomes assessed, 
is approximately proportional to the diameter 
of the coil and to the square root of the tube 
diameter [ 71. 
Adiabatic two-phase flow experiments have 
shown that the ratio of two-phase to single- 
phase pressure drop for a coil is approximately 
equal to that for a vertical straight tube with 
the same fluid at the same mass flow and 
quality (for single phase flow in coils it has 
been established [12] that the frictional 
pressure drop is greater in coils than in tubes). 
For practical designs the helical coil has the 
advantage that the centrifugal forces are 
controlling the phase distribution consistently 
throughout the systems. If straight tubes are 
used there is inevitably a change in direction 
which necessitates bends which introduce 
random changes in phase distribution, usually 
deleterious and furthermore extremely difti- 
cult to predict [ 121. 
For the film boiling (post burnout) of water 
(98 < p < 215 bars: 10 < G < 200 g/cm2 s) 
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Miropolski and Pikus [7] have suggested the 
following expression : 

Nuf = cRe”“*. Prz” 8. z 
where : Re" - Gdtube P "Sat 

z=y X+Pvsat [ 1 
0.8 pI (1-X) sat y _ Plsat _ Plsat - Pvsatxo.2 [ I c~:.i;7(* + 1:r:,! 1 

and where the physical properties in the vapor 
Prandtl number are evaluated at the wall 
temperature. 

Finally, Owhadi, Bell and Crain [8], experi- 
menting with water at atmospheric pressure, 
have found a complete wetting of the tube wall 
up to high qualities (99 ‘A), and attribute this to 
the secondary flow in the vapor core which 
exerts a drag on the liquid phase and forces it to 
flow to the surface closest to the helix axis. 

OBJECTIVES OF THE PRESENT RESEARCH 

Now, the aim of the present research is to give 
a systematic insight into heat transfer in a coil 
by comparison with heat transfer in a straight 
tube, having particular regard to heat transfer 
in post burnout at various pressures, up to the 
critical pressure. 

We have seen in the literature review that 
there are two main counteracting factors which 
act in a post burnout mixture cooling a heated 
coil : the centrifugal force which tends to separate 
the two phases and the pressure which, in- 
creasing, tends to make the mixture uniform. 
Thus, these two factors have been chosen as the 
most representative parameters in post burnout 
heat transfer in coils (gravity force, in our 
applications. is 2 or 3 orders of magnitude less 
than the centrifugal force). 

The ability of our experimental apparatus to 
vary the pressure (up to critical), the specific 

mass flowrate and the surface heat flux enhances 
the exploitation of many other physical aspects 
of the phenomena, besides the preceding re- 
viewed aspects. 

EXPERIMENTAL APPARATUS 

The experimental apparatus consists mainly 
of a S.S. freon loop, referred to as CFl, an 
extensive description of which is available in 

[131. 
It consists of the loop sketched in Fig. 2 

whose main characteristics are the following : 
maximum flowrate : 200 I/h 

(flowrate is measured with an error of +05 

l/h) 
maximum pressure: 70 kgf/cm2 

(pressure is measured with an error of kO.25 
kgf/cm2) 

maximum heating power: 10 kW, supplied 
as d.c. 

with a maximum voltage of20 V (the overall 
computed error in the determination of 
surface heat fluxes ranges from 5% to 
about 8%). 

Test sections are two tubular ducts of the 
same tube (S.S., heated length = 200 cm: outlet 
dia. = 6.35 mm ; inlet dia. = 4.75 mm) of which 
one is curved in a coil with a radius of 90 mm 
and placed with vertical axis (upward flow of the 
coolant) and the other is straight vertical 
(upward flow), both electrically heated. 

The coil is placed within an insulated box 
and is instrumented by 20 chrome-alumel 
thermocouples, 0.5 mm in diameter, inserted 
in the holes in the tube wall and placed 10 
cm away from each other on the two opposite 
sides of the coil (internal and external, see Fig. 
3). So it is possible to have the wall temperature 
profiles along the internal and the external 
sides, to detect, in the case of temperature 
differences, the presence ofcentrifugation effects. 
A similar instrumentation, but only on one side, 
is placed on the straight test section. 

The two test sections are mounted in parallel, 
in such a way that it is possible to reproduce the 
same inlet conditions of the coolant temper- 
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Thermal insulation 

I, Preheater 

2 1 

FIG. 2. Sketch of the experimental loop with the two test sections. 

4 Discharge 

chm,,,d-dun( D = O-5 mm 

FIG. 3. Sketch of the straight and coiled test sections with the disposition of thermocouples. 
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ature, tlowrate and pressure) and to inject the 
same heating power with the same surface heat 
flux, so that the geometry factor (curvature of 
the tube) is completely separated. Inlet and 
outlet temperatures are measured and recorded : 
so are the inlet and outlet pressures. Temper- 
tures, flowrates, electric currents, voltage and 
pressures are all recorded in a data logger 
system. As coolant, Freon 12 has been selected 
for two main reasons: a good knowledge of 
physical properties [14] and low critical para- 
meters (critical temperature : 111.5”C : critical 
pressure: 40.87 kgf/cm2) and latent heat of 
vaporization. 

The two test sections have been calibrated. 
calculating the heat loss through the external 
insulation at different temperature levels, and 
the wall thermocouples have been compared 
and calibrated in a similar way. Typical errors 
in the wall temperatures are of the +0.5”C. 

A simple computer program has been set up 
to take account of the temperature distribution 
within the heated walls of the tube. to deduce 
finally the internal wall temperature T,. 
Obviously this code takes into account the 
injected and dispersed thermal power. the 
variation of electric resistivity with temperature 
and the geometric variation of the external 
and internal wall thickness, due to bending. 
This last factor, particularly. induces a small 
variation in the external and internal wall heat 
fluxes. When the temperature differences between 
the two sides are studied. with respect to the 
centrifugal effects, the heat flux variations would 
induce an error. So we have measured directly, 
in this case. which are the temperature ditfer- 
ences due to the heat flux differences, operating 
in single (liquid) phase. forced convection flow 
and have subtracted these temperature 
differences, in dependence on the heat flux 
levels, from the overall temperature differences, 
thus separating the centrifugal effects from the 
other, superimposed cause. 

Magnitied cross sections of the coil have 
been measured to deduce the geometric shape 
of the cross section itself. 

Theoretical and experimental calibration 
agreed perfectly. and so the experimental pro- 
gram started. In every run. the heat flux protile 
along the test sections has been kept constant. 
injecting electric current through the two 
extremity clamps. Once the thermohydraulic 
conditions were stabilized, all the data were re- 
corded. Different runs were obtained varying the 
pressurelevel, fromareducedpressurerc = pip,, = 
0.3 up to a hypercritical pressure rc = 1.1. Inde- 
pendently, the specilic mass flowrates were 
varied from G = 50 to G = 180g!cm2s. and 
also the heat flux 4. up to _ 12 Wicm2. 

BURNOUT POWERS AND POST BURNOUT 

HEAT TRANSFER 

Typical wall-temperature profiles are col- 
lected in the diagrams of Figs. 4-7. The dia- 
grams of Figs. 4, 5 and 7 refer to subcritical 
conditions (i.e. 71 < 1). while the diagrams of 
Fig. 6 refer to critical (rc 2: 1) and supercritical 
(n > 1) conditions. Figure 7 contains a number 
of comparisons between straight and coiled 
tubes. Looking through the diagrams, first of all. 
it is evident that increasing the pressure and 
crossing the thermodynamic critical point the 
dry-out phenomenon disappears and no tem- 
perature jump occurs along the heated walls. 

Another evident feature is the difference in 
wall temperatures which occurs after the dry-out 
point between the internal side (i.e. the side 
nearer to the helix axis) and the external side of 
the coil. This temperature difference con- 
stitutes one of the particular features of the 
coils in comparison with the straight ducts. 

Downward from the dry-out point the 
temperature difference remains almost constant 
with the quality, so that it is characterised only. 
for a given coil, by the surface heat flux, the 
pressure and the specific mass fowrate. Even the 
dry-out point is not always at the same quality 
along the internal and external side of the coil. 
being anticipated in the internal side which. 
downward from the dry-out, is all at higher 
temperatures. Even at critical and supercritical 
pressures the two side temperatures remain 
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differentiated, but their difference is less than in 
sub-critical, post burnout conditions. 

An overall idea of the comparison between 
straight and coiled ducts is provided by the 
diagrams of Fig. 7, in which wall temperature 
profiles for the same thermal and dynamic 
situations have been superimposed. At a first 
glance it appears that in straight ducts, in 
contrast to coils, the dry-out takes place at 
lower qualities (in correspondence to lower 
burn-out powers) and that the wall temperature 
rise at the dry-out is sharper and higher, thus 

The increase is really considerable. 
Figure 8 gives an idea of this, reporting the 

ratio %~.oco~~%Los~ of the burnout powers in 
the two test sections. The burnout powers are 
conventionally computed as the thermal powers 
injected into the test section in the heated length 
between the point in which the quality is X = 0 
and the point of dry-out (X = XB.o.), the so- 
called “boiling length”. 

The power ratio increases with the specific 
mass tlowrate and with the pressure (between 
rt = 05 and a = 0.7 only, the values for rc = 0.9 

100 I 
OL 
50 60 m 60 90 100 110 120 130 . 

G, g/cm’s 

0 

FIG. 8. Increase of burn-out power in coiled tubes (W B.o coil) with respect to straight 

tubes ( W,.,. ,,I 

indicating a quicker and worse deterioration in 
post burnout heat transfer. 

The data collected in Figs. 4-7 are 
representative of a wider set of experimental 
data, from which the following conclusions 
have been drawn. 

Let us consider, first of all, the increase in 
burn-out power which is achieved with the 
employment of coiled tubes in place of straight 
tubes. This increase is clearly due to the geometric 
effect of curvature, all other parameters being 
unchanged. 

being lower). The values reached are very high, 
up to 500 and 600 per cent, thus showing that in 
heat exchangers the increase of the power 
exchanged along the boiling lengths (often an 
important fraction of the total power exchanged) 
is much higher in the coils, which offer a much 
more compact geometry. The increase in the 
burnout power is due obviously to a more 
extended boiling length. 

This last increase is indicated, for some 
particular Situations, by the graph of Fig. 9, 
which shows the relative gain in the burnout 
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FIG. 9. Relative gain in the burn-out quality in coils with respect to straight tubes. 

quality, (XB.~. coil - XB.~. ,~/XB.~. St vs. the speci- 
fit mass flowrate for some different pressures. 

While no precise statement may be deduced 
from the trend versus G, it may be said that this 
gain is of the order of some hundreds per cent 
(up to 500 per cent) and that, between R = 05 
and 71 = 0.7, it increases markedly with pressure. 

Another important point of comparison be- 
tween coiled and straight heat exchangers is the 
temperature rise at the burn-out (or dry-out) 
point. It is well known that in once-through 
heat exchangers this temperature rise represents 
one of the most serious drawbacks. This 
parameter is another point in favour of coils, in 
the sense that the reduction in the dry-out 
temperature rise in the coils with respect to 
straight tubes (all other parameters being the 
same) is very considerable. 

Figure 10 provides quantitative examples, 
giving the relative reduction, (AOB.o.st - 
A&.o. coiJlA&.o. St> slightly increasing with the 
specific mass flowrate and the pressure (only 
between z = 0.5 and 71 = 0.7). In the cases 
cited in Fig. 10, the relative reduction ranges 
between 40 and 80 per cent. This comparison is 

done taking always the maximum temperature 
rise in the coil, i.e. that referring to the internal 
side. 

The increase in the wall temperature, through 
the dry-out point, is the more dangerous (for 
the mechanical stresses it induces with the 
relative thermal expansion of the duct, con- 
centrated corrosion, etc.) the sharper is the 
temperature rise, i.e. the more restricted is the 
length of channel of temperature rise. So, an 
important parameter is the slope of the curve 
representing the wall temperature with respect 
to the channel’s longitudinal abscissa, Sl. In a 
general comparison of the thermal performances 
of coiled and straight tubes, the parameter SI 
has also to be taken in consideration. 

Figure 11 provides such a comparison, refer- 
riilg the relative differences in the slopes for the 
two cases, (Sl,, - SZ,,i,)/Sl,t vs. the specific mass 
flowrate and for different pressures. The trends 
show an increase of the “gain” with G and with 
R, for 0.3 i 71 < 0.7, the values ranging from 
30 to 90 per cent. As for the temperature in- 
creases AeB,o., the values of the slopes of the wall 
temperature profiles have been deduced, for 
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FIG. 10. Reduction of the post dry-out wall superheating in coils. 
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FIG. 11. Reduction of the slope of the wall temperature proiile at dry-out in coils. 

the coil, for the internal side temperatures whose point and the post dry-out region. The diagrams 
profiles show sharper increases at the dry-out of Figs. 4-7 clearly show the wall temperature 
point, i.e. for the worse situation. profiles along the internal side and the external 

Let us consider now the diabatic two-phase side of the coil. It is interesting to see what is the 
flow in the coils and particularly the dry-out distance between the dry-out points along the 
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internal and external sides (when this detach- constant throughout the test section. So AT,, 
ment is experimentally revealed, the distance is a significant parameter as regard the difference 
between two ad_jacent thermocouples being in cooling due to the bending of the tube. Now it 
IO cm). is interesting to see how AT,, depends on the 

In terms of hydraulic diameters this distance two main parameters which would be expected 
ranges from 10 to 40; in terms of quality, the to influence the difference in internal and external 

50 60 70 00 90 7rn lw 120 130 110 

G, o/cm 5 

Rc. 12. Difference of dry-out qualities along the external and internal sides of the 
CO& 

difference of the qualities at the dry-out points 
along the internal and external sides, AX,,, is 
reported in the diagram of Fig. 12. 

AXn.o. decreases monotical~y versus the 
specific mass Rowrate, and increases with 
pressure (for 7c ranging from 0.35 to 0.7) ; the 
corresponding values are small. On this profile, 
the results suggest that the secondary flow 
(which tends to make the flow situation near 
the internal and external sides uniform) plays 
an increasing role with the flowrate, in spite of 
the centrifugal action of separation, and with the 
decrease in pressure. 

After the dry-out points, the internal and 
external side wall temperatures increase to 
different levels; even if these levels are not 
constant, the temperature ditference between 
the two opposite sides, AT,,, remains almost 

side heat transfer, namely the centrifugal 
acceleration of the mixture : 

G2 
CZ=r 

pm Rcoit 

(where p,,, = density of the mixture, R = radius 
of the coil) and the reduced pressure n. 

The mixture density p, is often represented 
by the vapour density pO, without an appreciable 
error, as the quahties of post burnout are 
very high. But it is difficult to compute pV when 
the vapour superheats, as pV varies appreciably 
with the degree of superheating. To simplify 
this calculation, a linear bulk temperature 
profile has been assumed between the point of 
dry-out and the outlet section (the bulk outlet 
temperature is recorded). 
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Figure 13 collects the measured AT,, (the 
experimental values have been corrected ac- 
cording to what has been reported in the pre- 
ceding paragraph) versus the centrifugal 
acceleration. 

Grouping the data at the same pressure, same 
mean heat flux and quality, it is possible to see 
that AT,, first increases with the centrifugal 
acceleration, reaches a maximum (lO-20°C 
in our cases) then decreases again. This means 

Let us consider now what happens when the 
critical pressure (71 = 1) and the critical tempera- 
ture are reached and surpassed through the 
test section (Fig. 6). Gathering three experimental 
values of AT,, deduced at n = 1 and Tb = T,,, 
we obtain the graph of Fig. 15, which shows a 
linear increase of AT,, with G. 

It has to be concluded that even in the thermo- 
dynamic critical point there is a tempera- 
ture difference due to the bending of the tube, 

04 
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FIG. 13. Post dry-out temperature difference between the internal and external 
side of the coil versus the centrifugal acceleration of the mixture. 

that the separating action of the centrifugal 
acceleration prevails against the contrary action 
of the secondary flow, which tends to make the 
mixture uniform, only for limited values of the 
acceleration (i.e. the flowrate) itself. 

Increasing the flowrate, the secondary flow 
action (between the opposite sides) prevails, 
until AT,, disappears. Regarding the influence 
of pressure, Fig. 14 clearly shows the decrease of 
AT,, with z. Increasing n the difference between 
the liquid and the vapour phase gradually 
disappears, making the mixture uniform. 

probably due to the presence of molecular 
clusters of different density and physical pro- 
perties which are separated by the centrifuge 
action. However this temperature difference is 
relatively small if compared with that of the 
sub-critical two-phase flow. 

The same trend appears at super-critical 
pressures (rt = l.l-Fig. 6). 

Finally a remark about the Miropolski and 
Pikus [7] post burnout heat transfer correlation 
for water. Figure 16 gives a comparison between 
experimental and computed data with Freon 12: 
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FIG. 14. Post dry-out temperature difference between the internal and external side of the 
coil versus the reduced pressure. 
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FIG. 15. Post dry-out temperature difference AT, near the thermodynamic critical 
point. 
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FIG. 16. Comparison of the Miropolski-Pikus post burn-out heat-transfer correlation for 
water with freon experimental data. 

even employing the water empirical constants the flow; it decreases monotonically with 
the scatter between theoretical and experimental pressure but is maintained, at critical and super- 
Nusselt numbers is not very great and decreases critical pressures, at a moderate level. 
increasing the absolute values of Nu. 
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INFLUENCE DE LA COURBURE SUR LE TRANSFERT THERMIQUE APRI?S 
ASSeCHEMENT 

RCum&Le transfert thermique aprks Cal&faction a ttt ttudid comparativement dans des tubes droits et 
spiral& de faGon B dCterminer I’influence du paramttre gbom8trique. Du frbon 12 a ktt, employ& jusqu’8 
des pressions supercritiques. 

On a dtcouvert un accroissement du transfert thermique en bcoulement biphasique dans les tubes 
spiral& par rapport aux tubes droits, des llux thermiques de Cal&faction plus tlevts, des tltvations de 
temgrature parittale plus deuces et plus basses au point d’assechement Dans le transfer? thermique 
aprbs la Cal&faction, on met en tvidence une diffkrence de temperature pariCtale entre les cBtCs interne et 
externe de la spirale (par rapport h I’axe de l’hklice). 

Cette ditT&rence de temp&rature reste pratiquement constante avec la qualitt en aval du point d’aslche- 
ment et dCpend de I’acctltration centrifuge et de la pression de 1’8coulement et garde des valeurs mod&&es 

jusqu’g des pressions supercritiques. 

DER EINFLUSS DER KRtiMMUNG BEIM W;iRMEuBERGANG NACH DER 
AUSTROCKNUNG 

Zusammenfassung-Es wurde der WCrmeiibergang nach der Austrocknung an geraden und gewendelten 
Rohren vergleichend untersucht. urn den Einfluss der geometrischen Parameter zu kliiren. Als Fliissigkeit 
wurde Freon 12 en bis zu iiberkritischen Driicken verwendet. In den gewendelten Rohren zeigt sich ein 
intensiverer Zweiphasen-Wlrmeiibergang als in geraden Rohren. hiihere kritische WtirmestrBme. und 
geringere Temperaturanstiege am Austrocknungspunkt. Beim WIrmelbergang nach der Austrocknung 
wurde ein Unterschied in der Wandtemperatur zwischen Aussen- und Innenseite der Windungen (bezogen 
auf die Spiralachse) festgestellt. 

Diese Temperaturdilferenz bleibt bei verlndertem Dampfanteil ziemlich konstant vom Austrocknungs- 
punkt an abwirts: sie hlngt ab von der Zentrifugalbeschlcunigung und vom Druck und behllt ihre 

mCssigen Werte bis zu iiberkritischen Driicken. 

BJIILIRHME KPBBkl3HbI HA IIEPEHOC TErIJIA B BAKPMTHYECKOM 
COCTORHI0I 

AHHOT8qHa-~CCne~OBanCFI 33KpMTWIeCKHti IIepeHOC Tema B IIpRMOti Tpy6e II 3MeeBHKe c 
TeM, '4TO6bI H3Y'IATb BJIIlRHWe reOMeTpWIeCKOl'0 IIapEkMeTpa. kkIIOJIb3OBaJICH @peOH-12 
BIInOTb A0 CBepXKpHTINeCKIiXAaBJIeHIlti.~pll ABYX@3HOM Te'IeHkIII B 3MeeBIlKeHa6JIIO~a.mI 
6onee HHTeHCkiBHbIfi TemOO6MeH, qeM IIplr Te'IeHElll B Tpy6e: 6onee CIWIbHbIe KpaTINecKIfe 
TeIInOBbIe IIOTOKH, donee rJIaAKHe II HARKMe IIAKM TeMIIepaTypbI CTeHKR B KpHTWIeCKOfi 
TO'IKe. OIIpeAeJIeHa pa3HOCTb TeMIIepaTyp CTeHKR MexAy BHyTpeHHAMA II Hapy)KHbIMII 
CTOpOHaMR 3MeeBMK3 (II0 OTHOIIIeHIIH) K OCI4 CIIMpW) B 33KpEiTWIeCKOM COCTORHIIM. ST3 
pa3HOCTb TeMIIepaTyp COXpaHfieTCR IIOqTll IIOCTOJiHHOZi IIpIl YAaJIeHIW BHHR OT KpIITWIeCKOfi 
TO'IKA,HO3BBIlCHTOT~eHTpO6e~HO~O~CKOpeH~RTe~eH~~i~AaBJreH~~,OCT~B~RCb~MepeHHO~ 

lI0 CBOei BeJIWIkIHe BIIJIOTb A0 CBepXKpHTRYeCKHX AaBJIeHI5i-I. 


