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Abstract—Post burnout heat transfer has been investigated comparatively 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 temperature 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 T, temperature.
A upes inner diameter of the tube ;
IG)coi., dian}?ter of the coil : . Suffixes
s specific mass flowrate ; B.O burn-out of drv-out point -
Nu, Nusselt number ; o b Ol.l or dry-out point -
D, pressure ; cr, critical ;
Pr, Prandt] number ; S f?‘mf i
R i, radius of the coil = D_;;/2: L hqmd ’
Re, Reynolds number ; m, rmxturt_z ‘:
Si, slope of the wall temperature pro- sat, saturation ;
file after the dry-out point, = v vapour -
0T /0z: w, wall ;
X, quality : b, bulk.
X. abscissa along the test section :
ATy, wall temperature rise at the dry-
out point ; REVIEW OF THE EXISTING LITERATURE
AT, difference in the wall tempera- HEAT transfer in coiled tubes has been studied
tures between two opposite sides rather sporadically and with few geometries,
in the coil ; mainly with gases and water in single phase
¢, surface heat flux : flow. A few measurements in two-phase flow
I, reduced pressure (p/p,,); have been recently made, disclosing very inter-
p- density ; esting results.
W, thermal power : 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
flow 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
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numbers obtained from measurements of the
velocity and temperature distributions in an air
flow through curved pipes are in good agreement
with the theoretical resuits. 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 flow, McAdams
[2] cites the results of Jeschke for air in curved
tubes, for which the heat transfer coeflicient
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F1G. 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 difticult even for a single
phase fluid. The difficulty is enormouslty 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 [1]. The Nusselt

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

4 35 e
coil
Seban and McLaughlin [ 3], for the same situation
of turbulent flow (water) have deduced, within
+ 5 per cent of experimental error, the following
empirical correlation:

Nu = 0023 Re® 8 Pro+. I:R( 1/20<dt_ubg>l/lo:|

coil

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 dittusivities
[4].

Considering two-phase flows, major contri-
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butions come from [5-12]. 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 difterent 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, 9].

Coiled tubes have higher average DNB
vapour qualities than do straight vertical
tubes [5-12].

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 dozen diameters along the length
of the tube [9].

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].

Stratification in bubble flow can be expected
through the coil: however the presence of
nucleate boiling and of transverse circulation
in the stream facilitates mass transter in the
flow to such an extent that sufficient wetting
of the tube perimeter with water is ensured.
until the inception of DNB [7. 8].

In post burnout? there is an increase in the
heat transfer coetficient (in coiled tubes). due
to the wetting of the tube walls by liquid drops.
Apparently. in the presence of transverse

* DNB, burn-out, dry-out are 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 “burn-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
[73.

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 flowrate
corresponds to an increase of the peripheral
dissymmetry of the dry-out front of inception
[9].

Generally. in coiled tubes the heat transfer
coetficients and the friction factors increase
during the heating of the fluid and decrease
during cooling, as the ratio dyu./D.i 1s
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 [7].

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 diffi-
cult to predict [12].

For the film boiling (post burnout) of water
(98 < p < 215 bars: 10 < G < 200 g/cm? s)
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Miropolski and Pikus [7] have suggested the
following expression :
Nu; = cRe"%® Pr)%% ;

where :
Re' = C_'"/!&bi
Hosat
P 0-8
z=y|X + 2221 - X)
Plsat
y = Pisat 1 — Pisat — pvsaxXOQ
pvsat plsat

coil

¢ = 0017 (1 + 1159&"%)

and where the physical properties in the vapor
Prandt! 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 %), 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
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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 CF1, an
extensive description of which is available in
(13].
It consists of the loop sketched in Fig. 2
whose main characteristics are the following:
maximum flowrate: 200 l/h
(flowrate is measured with an error of +0-5
1/h)
maximum pressure: 70 kgf/cm?
(pressure is measured with an error of +0-25
kgf/cm?)
maximum heating power: 10 kW, supplied
asd.c.
with a maximum voltage of 20 V (the overall
computed error in the determination of
surface heat fluxes ranges from 59 to
about 8%).

Test sections are two tubular ducts of the
same tube (S.S., heated length = 200 cm ; outlet
dia. = 6:35mm ; 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, 0-5mm 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 of centrifugation eftects.
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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Fi1G. 3. Sketch of the straight and coiled test sections with the disposition of thermocouples.
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ature, flowrate 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/cm?) and latent heat of
vaporization.

The two test sections have been calibrated,
calculating the heat Joss 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 differ-
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.

Magnified cross sections of the coil have
been measured to deduce the geometric shape
of the cross section itself.
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Theoretical and experimental calibration
agreed perfectly, and so the experimental pro-
gram started. In every run. the heat flux profile
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, fromareduced pressuren = p/p,, =
0-3 up to a hypercritical pressure n = 1-1. Inde-
pendently, the specific mass flowrates were
varied from G = 50 to G = 180 g/cm?s. and
also the heat tlux ¢. up to ~ 12 W/cm?.

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. = < 1), while the diagrams of
Fig. 6 refer to critical (= ~ 1) and supercritical
(= > 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 (ie. 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 ditference 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 flowrate. 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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difterentiated, 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
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The increase is really considerable.

Figure 8 gives an idea of this, reporting the
ratio Wy o.con/Wa.o 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 = Xg,), the so-
called “boiling length”.

The power ratio increases with the specific
mass flowrate and with the pressure (between
n = 0-5and = = 0-7 only, the values for n = 09

700
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B.O.st.

WB.O. cot
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80 90
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FIG. 8. Increase of burn-out power in coiled tubes (W o o) With respect to straight
tubes (W o o,)-

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 increaseis 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 1is indicated, for some
particular situations, by the graph of Fig. 9,
which shows the relative gain in the burnout
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F1G. 9. Relative gain in the burn-out quality in coils with respect to straight tubes.

quality, (Xp.0,coit — X5.0.50/X5.0.: V5. the speci-
fic 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 n = 0-5
and = = 07, 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, (Afgg g —
ABg 6. coi)/AOp .- Slightly increasing with the
specific mass flowrate and the pressure (only
between n = 0-5 and n = 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, SI. In a
general comparison of the thermal performances
of coiled and straight tubes, the parameter S/
has also to be taken in consideration.

Figure 11 provides such a comparison, refer-
ring the relative differences in the slopes for the
two cases, (SI;, — Sl_..)/SI, vs. the specific mass
flowrate and for different pressures. The trends
show an increase of the “gain’ with G and with
n, for 0-3 € = < 07, the values ranging from
30 to 90 per cent. As for the temperature in-
creases Afg o, the values of the slopes of the wall
temperature profiles have been deduced, for
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Fi1G. 11. Reduction of the slope of the wall temperature profile at dry-out in coils.

the coil, for the internal side temperatures whose
profiles show sharper increases at the dry-out
point, i.e. for the worse situation.

Let us consider now the diabatic two-phase
flow in the coils and particularly the dry-out

point and the post dry-out region. The diagrams
of Figs. 4-7 clearly show the wall temperature
profiles along the internal side and the external
side of the coil. It is interesting to see what is the
distance between the dry-out points along the
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internal and external sides (when this detach-
ment is experimentally revealed, the distance
between two adjacent thermocouples being
10 cm).

In terms of hydraulic diameters this distance
ranges from 10 to 40; in terms of quality, the

MAURIZIO CUMO, GIOVANNI, ELVIO FARELLO and GIUSEPPE FERRARI

constant throughout the test section. So AT,
is a significant parameter as regard the difterence
in cooling due to the bending of the tube. Now it
is interesting to see how AT, depends on the
two main parameters which would be expected

toinfluence the ditference in internal and external
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Fi16. 12. Difference of dry-out qualities along the external and internal sides of the

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

AXgy o decreases monotically versus the
specific mass flowrate, and increases with
pressure (for n ranging from 035 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 difference between
the two opposite sides, AT,,, remains almost

coil.

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

GZ
a = -——5—
pn21 Rcoil

(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 p,, without an appreciable
error, as the qualities of post burnout are
very high. But it is difficult to compute p, when
the vapour superheats, as p, 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 (10-20°C
in our cases) then decreases again. This means
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Let us consider now what happens when the
critical pressure (n = 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 T, = T,
we obtain the graph of Fig. 15, which shows a
linear increase of AT, with G.

1t 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,
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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 7. Increasing = 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 (r = 1-1—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:



2060 MAURIZIO CUMO, GIOVANNI ELVIO FARELLO and GIUSEPPE FERRARI

2
G=104 g /cm
Y 1n /t:mzs
201 - - o 08cxal
| i 2
a \\\ G=z85 gfems
G= 56 g/ cm's. 1 S e ¢ =1 W/ent
O ¢=1 Went e ~o 15 €12
° 16¢xe1g ! \%\
‘;i- G=125 glcm's l\

N g=1 Wed | 6206 g/orf
ES )

< 10 12 A= 63 Wiem

085x51
G:GZgll:mzs
Og¢:5W,
06208
0 . — . -
01 03 05 07 09 1
™

F1G. 14. Post dry-out temperature difference between the internal and external side of the
coil versus the reduced pressure.

6 \ . — . . .
7 80 30 100 110 120 130 140 150 0

G, g/cmzs

Fi1G. 15. Post dry-out temperature difference AT, near the thermodynamic critical
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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 scatter between theoretical and experimental
Nusselt numbers is not very great and decreases
increasing the absolute values of Nu.

CONCLUSIONS

Coiled ducts show, in comparison with
straight ducts, a better two-phase flow heat

transfer. The main characteristics are the
following :
burn-out heat fluxes are considerably
increased,

the wall temperature rises downward from

the dry-out point are much smoother and

lower.

In post-burnout heat transfer a wall tempera-
ture difference between the internal and the
external side of the coil appears. This tempera-
ture difference remains almost constant with
quality downward from the dry-out point; at
first it increases, reaches a maximum, then
decreases with the centrifugal acceleration in

the flow; it decreases monotonically with
pressure but is maintained, at critical and super-
critical pressures, at a moderate level.
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INFLUENCE DE LA COURBURE SUR LE TRANSFERT THERMIQUE APRES
ASSECHEMENT

Résumé—Le transfert thermique aprés caléfaction a été étudié comparativement dans des tubes droits et
spiralés de fagon & déterminer Iinfluence du paramétre géométrique. Du fréon 12 a été, employé jusqu'a

des pressions supercritiques.

On a découvert un accroissement du transfert thermique en écoulement biphasique dans les tubes
spiralés par rapport aux tubes droits, des flux thermiques de caléfaction plus élevés, des élévations de
température pariétale plus douces et plus basses au point d’asséchement. Dans le transfert thermique
aprés la caléfaction, on met en évidence une différence de température pariétale entre les cotés interne et

externe de la spirale (par rapport a 'axe de ’hélice).

Cette différence de température reste pratiquement constante avec la qualité en aval du point d’asséche-
ment et dépend de I'accélération centrifuge et de la pression de ’écoulement et garde des valeurs modérées
jusqu’a des pressions supercritiques.

DER EINFLUSS DER KRUMMUNG BEIM WARMEUBERGANG NACH DER
AUSTROCKNUNG

Zusammenfassung—Es wurde der Wirmeiibergang nach der Austrocknung an geraden und gewendelten
Rohren vergleichend untersucht. um den Einfluss der geometrischen Parameter zu kliren. Als Fliissigkeit
wurde Freon 12 en bis zu iiberkritischen Driicken verwendet. In den gewendelten Rohren zeigt sich ein
intensiverer Zweiphasen-Warmetibergang als in geraden Rohren, hohere kritische Wirmestréme, und
geringere Temperaturanstiege am Austrocknungspunkt. Beim Warmeiibergang nach der Austrocknung
wurde ein Unterschied in der Wandtemperatur zwischen Aussen- und Innenseite der Windungen (bezogen

auf die Spiralachse) festgestellt.

Diese Temperaturdifferenz bleibt bei verandertem Dampfanteil ziemlich konstant vom Austrocknungs-
punkt an abwirts: sie hdngt ab von der Zentrifugalbeschlcunigung und vom Druck und behilt ihre
missigen Werte bis zu iiberkritischen Driicken.

BJIUMAHWE KPUBU3HBI HA IIEPEHOC TEIIJIA B BAKPUTUNYECKOM
COCTOSAIHUN

AnRoTanna—Mlcelef0BasICA 3aKPUTHYECKUIl TIEPEHOC Temia B NpAMOi Tpyle U 3mMeeBuke C
TeM, 4TO0BI M3YYUThb BJIMAHMUE reoMeTpuyeckoro mnapamerpa. McmonpsoBancsa ¢peon-12
BILJIOTh 0 CBEPXKPHTHYECKHUX fAaBjeHuit. IIpn aByxdasHOM TeuyeHUH B 3MeeBUKe HAGIIORAIICH
Gonlee MHTeHCHBHBIN Ternsi0o00MeH, YeM TpHU TedeHun B TpyOe : Gosee CUMBHBIE KPUTHYECKHE
TEeNJOBEIE TMOTOKM, Gojlee IIafKue U HUBKME NUKM TEMIEepaTypH CTEHKM B KPUTHYECKOIM
Touxke. OnpefejieHa pPasHOCTb TEMMEPATYP CTEHKH MEMIY BHYTPEHHUMM M HADYHHIMU
CTOPOHAMU 3ME€eBMKA (110 OTHOLIEHHIO K OCH CHMPANH) B 33aKPUTUYECKOM COCTOSHWMH, OTa
Pa3HOCTL TeMNepaTyp COXPaHAeTCA HOYTH MOCTOAHHON NpH yRajeHMHM BHU3 OT KPUTUYECKOI
TOYKH, HO 3aBUCHT OT IIEHTPOOeKHOI'0 YCKOPEHUA TeUeHNA U IaBJIeHNA, OCTABAACH YMEPEHHOI
N0 CBOell BeJIM4YMHE BIUIOTH 10 CBEPXKPUTHYECKHX JABIEHHI.



