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Abstract—Pool boiling curves for inclinations of 07 (downward facing), 5%, 10",

15%, 307, 45°, and 90" are

obtained by quenching a 12.8-mm thick copper disk having a diameier of 50.8 mm in a pool of saturated
water. Results show that nucleate boiling heat flux decreases as the angle of inclination is increased.
However, the decrease in nucleate boiling heat flux with inclination is more pronounced at lower wall
superheats. Conversely, the transition boiling heat flux and both ¢eyp a0d @, 8s well as the corresponding
wall superheat, increase with surface inclination. The quenching time of a downward facing surface having
an initial wall superheat of 160 K is about six times that for a 5 inclination and 23 times that for a 90°
inclination. For all inclinations, quenching always begins at the lowermost position and propagates upward.
The average quenching velocity of about 2.6 cm s~ ', is almost constant for ¢ > 45°, but increases rapidly
with the decrease in surface inclination reaching approximately 6.3 cms™ ' at 0°.

INTRODUCTION

PooL BOILING from the underside of flat, downward
facing and inclined surfaces is of interest in many
engineering fields. An example in the chemical indus~
try is the handling of hazardous fluids, such as
propane, butadiene, ammonia, ethylene, and vinyl
chloride, during a fire involving railroad tankers or
storage tanks [i]. Another example is in the safety
of Pressurized Water Reactors (PWRs), following
a4 hypothetical complete loss-of-coolant accident,
coupled with a failure of the emergency core cooling
system. The process involves a large quantity of
molten core mixture {corium) which relocates to the
bottom head of the pressure vessel. In such an
accident, a salety concern is that the molten core
corium could melt through the vessel head, and is
discharged under high pressure steam on top, into the
reactor cavity, below the vessel. One strategy currently
being investigated to prevent thermal failure of the
vessel bottom head is to flood the reactor cavity with
water, which would serve as a heat sink. In this case,
heat is conducted through the vessel's stainless-steel
wall and dissipated into the water. At low heat flux,
heat is removed by natural convection, and as the heat
flux increases, pool boiling occurs at the outer surface
of the vessel wall. However, the boiling heat transfer
coefficient will depend on the angle of inclination and
the curvature of the wall. Therefore, it is important
to determine the transient boiling heat transfer
coefficient and critical heat flux values for water as a
function of angular position on the outer surface of
the reactor vessel bottom head wall.

Several pool boiling data for R-11, liquid nitrogen,
liquid helium, and water have been reported in the
nucleate and film boiling regimes for inclined and

downward facing surfaces [1-10}; however, only few
critical heat flux, genw, and minimum film boiling heat
flux, ¢umin, values and no transient boiling heat transfer
data are available. It is worth noting that all the pool
boiling data reported [1-10] are for steady-state heat-
ing; hence, they might not be applicable to transient
boiling conditions.

For saturated water at atmospheric pressure, Mar-
cus and Dropkin [8] have investigated the effect of
inclination from 0” (downward facing) to 90° {vertical)
on the nucleate boiling heat transfer coefficient. More
recently, the effect of surface orientation on nucleate
boiling heat transfer has been extensively siudied by
Nishikawa er ¢l [9]. Their data for pool boiling of
water from a flat copper plate orientated from 0
(upward facing) to 175" (inclined facing downward)
showed that the nucleate boiling heat transfer
coefficient at lower wall superheat increased with
increasing inclination angle, which is in agreement
with the results of Marcus and Dropkin [8]. Nishi-
kawa et al. [9] reported that there was no marked
effect of surface orientation on the nucleate boiling
heat transfer coefficient at high heat flux; no data for
the downward facing position were reported.

The only ¢eur and ¢, data available for water are
those reported by Ishigai er al. [10], who investigated
pool boiling from the underside of a downward facing
flat surface in a saturated water pool at atmospheric
pressure. They reported one data point each for geyy
and g, for disk diameters of 25 and 50 mm, respec-
tively.

Because these experiments {8-10] have used the
gradual, steady-state heating method to determine the
boiling heat transfer coefficient in the nucleate boiling
and film boiling regimes for saturated water, no tran-
sition boiling data were obtained. In addition to the
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C specific heat [J kg '

d diameter of the copper disk [m}
E, energy stored in disk [J K ']

H thickness of the copper disk [m]
¢ average wall heat flux [W m %}
gene  critical heat flux (W m™ 7]

gmn  hcat flux at minimum film boiling

Wm?

NOMENCLATURE

T temperature [K]

Tw  wall temperature [K]

T.. saturation temperature of liquid [K]
t time [s].

Greek symbol
p density of disk material [kg m~7].

lack of transition boiling data. the results of these
cxperiments, as indicated carlier, might not be appli-

cable to the transicnt boiling condition, which is of

interest to many engineering applications and is the
focus of this research.

In the gradual heating method the electric power
to the heater is increased incrementally. After cach
increase, the mput power to the heater is kept constant
while its temperature continuecs to rise with time,
eventually reaching steady-statc. Depending on the
size and material of the heater it can take a long time
{up to tens of minutes) for the heater to reach steady-
statc. When steady-state is achicved, the surface heat
flux is calculated from the measured tempcrature
gradient in the heater ncar the surface, assuming a
lincar temperature profile and ncgligible cdge losses
from the sides of the heater. While the former assump-
tion is only true at steady-state, the latter could be
realized when the sides of the heater are adequately
insulated. Therefore, the gradual heating method is
unsuitable for transient boiling experiments because
the temperature profile in the heater near the surface
will be nonlinear and the thermal inertia of the heater
will be difficult to accurately account for, resulting in
error when determining the actual surface heat flux,
Furthermore, because in the gradual heating method
the input power is varied independently of the surface
temperature, the transition boiling regime cannot be
detected.

Conversely, in the quenching method the thermal
incrtia of the surfacc is taken into account when deter-
mining the surface heat flux. This is donc by placing
thermocouples in the test section and close to the heat
transfer surface to determine the mean temperaturc
of the heated disk. The disk is initially heated up to a
high temperature. then quenched in a large pool of
the boiling fluid. which is maintained either at satu-
ration or at a subcooled condition. Then the surface
heat flux is determined from the rate of change of the
energy stored in the disk with time. Because in the
quenching method the surface heat flux is dependent
on the surface temperature the transition boiling
regime 18 easily measured.

In the present study the quenching method is used
to determine the effect of surface inclination on heat
transfcr in the various pool boiling rcgimes for satu-
rated water at near aitmospheric pressure (~0.086
MPua in Albuquerque, NM). In the experiments the

inclination angle is varied from 0 (horizontal facing
downward) to 90 (vertical).

EXPERIMENTAL SET-UP

A schematic diagram of the experimental apparatus
is shown in Fig. I. A Pyrex beaker, 25 em high and
15 cm in diameter, is used to contain the saturated
water. The beaker is insulated on the outside with a
fiber glass sheet wrapped in aluminum foil. A Corning
PC100 electric heater with a flat surface is used to heat
the water in the beaker and the test section. Details of
the test section are given in Fig. 2.

The test scction is made of a copper disk 12.8 mm
thick and 50.8 mm in diamecter. The copper disk is
cncased in a water scaled Marinite C mold. Because
of its low specific heat and thermal conductivity,
Marinite is used to insulate the copper disk on the
sides and at the back surface. The mold is housed in
a Bakelite skull for additional insulation. Five K-type
thermocouples arc used to measure the temperatures
of the copper disk at several locations. Three ther-
mocouples are placed in the copper disk. | mm from
the boiling surface, and the other two are placed in
the disk. 3 mm from the insulated back surface (sce
Fig. 2). The orientation of the boiling surface is
adjusted to the desired angle with the aid of an alu-
minum support {rame (see Fig. 1). The test scction is
mounted to and dismounted from the support frame
readily with a siide-and-lock mechanism. A high speed
data acquisition and control system controlled with
an 80486 personal computer is used for temperature
monitoring and data acquisition.

EXPERIMENTAL PROCEDURE

The distilled water in the Pyrex beaker is degassed
by kceping it boiling for about 15 min prior (o per-
forming the cxperiments. The procedures for the
quenching tests are as follows.

(1) Prior to cach test, the heat transfer surface of
the copper disk is polished using No. 1200 silicon
carbide sand paper and then cleaned with acetone.

(2) The test section is mounted onto the support
frame and the heat transfer surface is oricnted to the
desired angle with respect to the water surface before
the test section is heated up. In all experiments ther-
mocouple 3 is kept at the uppermost position and
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F1G. 1. A schematic diagram of the experimental set-up.

thermocouple 1 is kept at the lowermost position (see
Fig. 2). In this arrangement it is possible to determine
the average velocity of the quenching front on the
heat transfer surface from the thermocouple signals,
as will be shown later.

(3) The water level in the pool is adjusted such that
the center of the heat transfer surface is initially at the
same depth (57 mm) below the water level in the
beaker after the test section is fully submerged in the
pool. This depth changes slightly during quenching
due to water evaporation.

(4) The water pool is brought to full boiling by
setting the Pyrex beaker on the surface of the electric
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FiG. 2. A schematic of the instrumented test section.

heater before submerging the test section into the
pool.

(5) To heat up the test section, a copper disk of the
same diameter as the copper disk in the test section is
placed on top of the heater surface. When the copper
disk is heated up, the test section is placed on top of
it and heated by conduction. This method is chosen
to avoid burning the Bakelite skull of the test section
by direct contact with the heater surface. The
maximum temperature of the copper disk in the test
section is limited to 533-539 K before quenching to
avoid surface oxidation in the air.

(6) The heater is turned off and the data acquisition
program is activated. Then the test section is lowered
into the saturated water pool as a signal is given by
the computer and quenching starts. Subsequently, all
thermocouples, including those measuring the pool
and the insulation temperatures (sece Fig. 2), are
scanned simultaneously once every 100 ms.

RESULTS AND DISCUSSION

The energy storage in the copper disk of the test
section can bc cstimated from the measured mean
temperature of the disk. In the experiment the mean
temperature of the copper disk, 7,_s, is calculated as
the average of the five thermocouple readings in the
disk. At a wall superheat of 160 K the maximum
temperature difference among all thermocouples was
about 2.2 K; it decreased to a minimum of about
0.16 K at the minimum film boiling heat flux for 0~
inclination. The largest temperature difference among
all thermocouples occurred at the critical heat flux;
it reaches as much as 30 K at 90° inclination but
decreases as the surface inclination is decreased.

The energy storage in the copper disk is then deter-
mined as

nd?
E = <’Z> HpCT, s (N
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Since only one side of the copper disk is transferring
heat to the water pool, the average surface heat flux
at any instant can be calculated from the rate of
change of the energy storage in the disk as:

4 \d d
q= '—<7m.g> a (E,) = —Ha(l)crl 9. @

Experimental uncertainties in temperature measure-
ments and inclination angles are about +0.15 K and
+0.5°, respectively.

After quenching the test section in the saturated
water pool a wavy, but stable, vapor film covers the
entire heat transfer surface at high wall superheat. The
vapor is seen escaping in large slugs from the edge of
the disk (see Fig. 3). However, the release frequency
of the vapor slugs from the edge of the disk, the
quenching behavior, and the duration of stable film
boiling varied with surface inclination.

Effect of inclination on quenching behavior

In all experiments, following vapor film desta-
bilization and collapse, nucleate boiling always began
at the lowermost position, as detected by ther-
mocouple (TC) 1. then propagated upward, as indi-
cated by TCs 2 and 3. However, the time it took to
quench the whole surface increased as the inclination
decreased. These results will be discussed further later
in the paper.

Saturated Water Pool |

| Nucleate Bolling

(a) Inclined position

(b) Downward Facing Position

FiG. 3. An illustration of boiling behavior on an inclined
surface.
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F1G. 4. Effect of surface inclination on wall superheat during

quenching.

In Fig. 4, the wall superheat, AT,,,, is the difference
between the mean wall temperature and the water
saturation temperature in the pool. The mean wall
temperature, Ty, is taken equal to the average readings
of the three thermocouples placed close to the boiling
surface (see Fig. 2). As shown in Fig. 4, the time
needed to quench a downward facing surface having
an initial wall superheat of 160 K (about 1300 s) is six
times that for a 5 inclination and 23 times that for a
90° inclination. For comparison purposes the quen-
ching time is defined herein as the time it takes the

fully submerged boiling surface to reach the critical

heat flux (CHF) or for |dT/d1| to reach its peak value
(see Figs. 5 and 10). As Fig. 4 shows, the quenching
time increases moderately, from about 60 s to 105 s,
as the inclination decreases from 90" to 30", then it
increases rapidly as the inclination angle is decreased
below 30°. However, the quenching time is more than
doubled, from about 105 s to 230 s, as the inclination
angle is decreased from 30° to 5°. The steepest rise in
quenching time (more than 600%, from approxi-
mately 230 s to 1390 s) occurs as the surface inclination
is decreased from 5” to the downward facing position.
This dramatic increase in quenching time with
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FiG. 5(a). Saturated water pool boiling data for a downward

facing surface and comparison with the results of Ishigai e

al. [10] for a downward facing surface having a diameter of
50 mm.
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F1G. 5(d). Saturated water pool boiling data for 90" incli-
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decreased inclination is reflective of the behavior of
film boiling and affects not only gcur and g, but
also transition and nucleate boiling heat transfer, as
discussed later.

Figure 4 also shows that the difference in wall super-
heat between minimum film boiling and CHF
decreases as the inclination is decreased. These results
reflect the fact that decreasing inclination prolongs
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F1G. 6. A comparison of saturated water pool boiling data
for all inclination angles.

film boiling, causing the wall superheat, and hence the
energy stored in the disk, at the time of minimum film
boiling to be lower. Subsequently, the wall superheat
at CHF and the value of CHF is lower (see Figs. 5
and 6).

Effect of inclination on behavior of film boiling

Visual observations at an inclination of 90° show
that a wavy, but stable, vapor film covers the whole
heat transfer surface at high wall superheat. Vapor is
seen to escape from the upper edge of the disk (see
Fig. 3). As the wall superheat decreases, approaching
the minimum film boiling temperature, the surface of
the vapor film becomes less wavy. Below the minimum
film boiling temperature, however, the surface of the
vapor film becomes unstable. Eventually, the vapor
film coilapses locally, generating large vapor volumes
over the heat transfer surface. Similar observations
are made with other inclined surfaces. However, as
the inclination angle is decreased, the duration in film
boiling increases and the transition boiling becomes
less violent.

For a downward facing surface (0 =0"), the
behavior of vapor film is quite different from that at
other inclinations. At high wall superheat a thick,
wavy but stable vapor film forms on the heat transfer
surface with vapor escaping from the edges of the test
section. As the wall temperature drops, the vapor film
becomes more stable and the frequency at which the
vapor escapes from the vapor film decreases. When
minimum film boiling is approached, the vapor film
becomes so stable that the film surface is like a mirror.
At this stage vapor no longer escapes from the vapor
film and the surface temperature of the copper disk
decreases slowly with time. After a long stand-still
period (several minutes), the vapor film begins to swell
and shrink periodically while the surface of the vapor
film stays relatively flat. Eventually, the vapor film
collapses as the wall superheat becomes too low to
sustain a stable film boiling (see Fig. 3).

Effect of inclination on boiling heat transfer
The complete boiling curves for the downward fac-
ing position (0°) and for inclination angles of 107, 45,
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and 90", are presented in Figs. 5(a)—(d), respectively.
A close examination of these curves reveals the strong
effect of the inclination on pool boiling heat transfer
in all boiling regimes. For comparison the boiling
curves for all seven inclination angles (07, 57, 10", 15",
30°, 45°, and 90°) are plotted in a single graph in
Fig. 6. Figure 5(a) compares the present experimental
results with those of Tshigai er a/. [10], for a downward
facing copper disk having a diameter of 50 mm, in the
film boiling and nucleate boiling regimes. Note that
while there is a reasonable agreement in these boiling
regimes, the present results of ¢y p and ¢, arc lower
than those of Ishigai er al. [10]. This difference could
be directly related to the difference in the heating
method used in the cxperiments. In the gradual heat-
ing mecthod used by Ishigai er «f. [10], the steady-
state values of both ¢ and ¢, are higher than the
transient values obtained herein using the quenching
method.

The data presented in Fig. 6 show that the transition
boiling heat flux and both ¢4 and ¢, as well as the
corresponding wall superhcat, increase with surface
inclination. Note that for a downward facing surface
these heat fluxes are about an order of magnitude
lower than those for the ncarest inclination of 5. This
is because the former sustains stable vapor film for a
significantly longer period than the latter (sce Fig. 4),
resulting in a lower minimum film boiling tempera-
ture, which s indicative of the lower cnergy storage
in the disk. As stated carlicr, such low ¢nergy storage
at the time of destabilization and collapse of film
boiling results in a lower transition film boiling and
lower ¢enr. Conversely, the disk cools off rapidly in
the nucleate boiling regime. resulting in the highest
nucleate boiling heat flux (see Fig. 6).

As dclincated in Fig. 6, while the critical heat flux
decreases with decreased inclination, the angle of incli-
nation has an opposite effect on nucleate boiling heat
transfer. At the same wall superheat the nucleate boil-
ing heat flux decreases with inclination angle, while
the decrease is more pronounced at lower wall super-
heats. The effect of inclination angle on nucleate boil-
ing heat flux at several wall superheats is shown in
Fig. 7. Also plotted in this figure are the results of
Nishikawa et ¢/. [9] from their boiling experiments for
saturated water. Despite the difference in the heating
method uscd, Fig. 7 shows a reasonable agreement
between the nucleate boiling data of Nishikawa et al.
[9] and the present data at low wall superheat. At
higher wall superheats (wall superheat of 14 K and
18 K in Fig. 7), Nishikawa et al. [9] reported no
marked effect of surface orientation. However, the
present data show a slight decrease in nucleate boiling
heat flux with an increase in surface inclination.

The effects of surface inclination on ¢cyy: and ¢,
and the corresponding wall superheat are delineated
in Figs. 8 and 9. In Fig. &. the critical heat flux and
minimum film boiling heat flux arc plotted as func-
tions of inclination angle. As this figure shows, both
heat fluxes decrease gradually with the decrease in
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FicG. 9. Effect of inclination angle on wall superheat cor-
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inclination down to about 30°, below which a faster
decrease in both critical heat flux and minimum film
boiling heat flux occurs as the inclination is reduced
to 5°. Note the precipitous drop in these heat fluxes as
the inclination is decreased from 5° to the downward
facing position. Figure 8 also shows that for § > 5°,
while both gy and ¢, increase with inclination, the
former increases. at about twice the rate of the latter.
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Plotted in Fig. 9 are the wall superheats cor-
responding to the critical heat flux and minimum film
boiling heat flux as functions of the inclination. Simi-
lar to the heat flux, the wall superheats at both heat
fluxes increase with increasing inclination, but at
different rates. Note that the difference between the
wall superheats at critical heat flux and at the mini-
mum film boiling also increases with inclination.

Effect of inclination on quenching front

As indicated earlier, in the experiments the copper
disk is submerged in the saturated water pool while
TC 3 is kept at the uppermost location and TC 1 is
kept at the lowermost positions (see Figs. 1 and 2).
Therefore, a comparison of the temperature-time his-
tory recorded by these thermocouples and that of TC
2, located at the center of the disk, qualitatively shows
the effect of inclination angle on the progression of
the quenching process of the disk. Figures 10(a)—(c)
present the time derivation of temperatures recorded
by all three thermocouples for inclinations of 0°, 45°,
and 90°, respectively. In all inclined surfaces, quench-
ing begins at the lowermost location and propagates
upward. These figures demonstrate that the wall
superheat corresponding to the peak values of |d7/d¢|
are slightly lower at 45° than at 90° inclination, but

10

[dT/dY] (K/s)

100
Wall Superheat, AT, (K)

F16. 10(a). Cooling rate recorded by the surface thermo-
couples as a function of wall superheat for 0° inclination.
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|dTdt] (K/s)

1 1
Wall Superheat, AT,,, (K)

FiG. 10(b). Cooling rate recorded by the surface thermo-
couples as a function of wall superheat for 45° inclination.
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FiG. 10(c). Cooling rate recorded by the surface thermo-
couples as a function of wall superheat for 90” inclination.
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FiG. 11. Wall superheat at time of quenching as measured
by surface thermocouples.

are significantly lower at 0°. These peak values of
|dT/dt} correspond to the critical heat flux, gcy:, at
the respective TC locations at the boiling surface (see
Figs. 10 and 11). Also, because of the very long period
of stable film boiling for the latter, quenching begins at
wall superheats that are about an order of magnitude
lower than those for the former.

Figure 11 plots the measured wall superheat at the
time of quenching at the respective thermocouple
locations vs the inclination angles of the boiling
surface. As this figure shows, quenching always begins
at TC 1 (lowermost), where wall superheat is the high-
est, then it propagates upward to TC 2, then TC 3, at
a progressively lower wall superheat. Figure 11 also
shows that the difference in the wall superheat at
quenching between locations 1 and 2 and between
locations 2 and 3 is almost the same, but decreases
with reduced inclination and becomes insignificant for
the downward facing position. The average quenching
velocity, defined as the distance between the ther-
mocouple locations 1 and 3 divided by the difference
in quenching time, is plotted in Fig. 12 vs the inclina-
tion angle. As this figure shows for 6 > 45°, the aver-
age quenching velocity is almost constant at about 2.3
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F1G. 12. Average quenching velocity as a function of incli-
nation angle.

cm s™'. At lower inclinations the average quenching
velocity increases rapidly with decreasing inclination,
reaching about 6.2 cm s~' for the downward facing
position (0°).

SUMMARY AND CONCLUSIONS

The effects of surface inclination on heat transfer
in the different boiling regimes are studied exper-
imentally by quenching a 12.8 mm copper disk having
a diameter of 50.8 mm in a pool of saturated water at
near atmospheric pressure. The following conclusions
can be drawn from the experimental results.

(1) Critical heat flux and minimum film boiling
heat flux, as well as the corresponding wall superheat,
increase with increasing angle of inclination.

(2) In the nucleate boiling region, increasing sur-
face inclination results in a decrease in heat transfer
rate at lower wall superheats. At higher wall super-
heats the nucleate boiling heat transfer coefficient
decreases slightly with the inclination angle.

(3) The critical heat flux and minimum film boil-
ing heat flux for the downward facing position are
significantly lower than those for other inclination
angles.

Z. Guo and M. S. EL-GENK

(4) Quenching time depends strongly on the angle
of inclination. The quenching time for the downward
facing surface is about six times that for 5” inclination
and 23 times that for 90° inclination.

(5) For all inclinations, quenching of the boiling
surface always begins at the lowermost position and
propagates upward. The average quenching velocity
of about 2.3 cm s~ ', is almost constant for 0 > 45,
but increases rapidly with the decrease in surface incli-
nation. reaching approximately 6.2 cm s~ ' at zero
inclination.
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ETUDE EXPERIMENTALE DE L'EBULLITION EN RESERVOIR POUR DES SURFACES
TOURNEES VERS LE BAS OU INCLINEES

Résumé—Des courbes d’ébullition en réservoir pour des inclinaisons de 0° (face vers le bas), 5°, 10°, 157,
30°, 45° et 90° sont obtenues en trempant un disque de cuivre de 12,8 mm d’épaisseur ayant un diamétre
de 50,8 mm dans une eau saturée en réservoir. Les résultats montrent que le flux thermique diminue quand
Pangle d’inclinaison augmente. Néanmoins cette diminution est plus prononcée aux surchauffes de la paroi
inférieure. Inversement, le flux thermique de transition en méme temps geur €t Gmin aussi bien que la
surchauffe de la paroi augmentent avec l'inclinaison de la surface. Le temps de trempe d’une surface tournée
vers le bas, ayant une surchauffe initiale de 160 K, est environ six fois celui pour une inclinaison de 5° et
23 fois celui pour 90°. Pour toutes les inclinaisons, la trempe commence toujours 4 la position inférieure
et se propage vers le haut. La vitesse moyenne de trempe, de 2,6 cm s~ ! environ, est & peu prés constante
pour 6 > 45° mais elle augmente rapidement quand Pinclinaison de la surface décroit, pour atteindre
approximativement 6,3 cms™' 4 0°.



Saturated pool boiling from downward facing and inclined surfaces

EINE EXPERIMENTELLE UNTERSUCHUNG DES GESATTIGTEN BEﬂALTERSIEDENS
AN ABWARTSGERICHTETEN UND GENEIGTEN OBERFLACHEN

Zusammenfassung—Durch Abkiihlen einer 12,8 mm dicken Kupferscheibe mit einem Durchmesser von
50,8 mm in einem mit gesdttigtem Wasser gefiillten Behélter ergeben sich Siedekurven fir folgende
Neigungswinkel : 0° (nach unten gerichtet), 5°, 10°, 15°, 30°, 45° und 90°. Die Ergebnisse zeigen, daB
die Wirmestromdichte beim Blasensieden mit steigendem Neigungswinkel abnimmt. Die Abnahme der
Wirmestromdichte mit zunehmendem Winkel ist bei kleineren Wirmestromdichten ausgeprégter. Dagegen
steigt die Warmestromdichte beim Ubergangssieden, wie auch die maximale und die minimale Wirme-
stromdichte und die zugehOrige Wandiiberhitzung, mit dem Neigungswinkel an. Die Abkiihlzeit einer
nach unten gerichteten Oberfliche mit einer anfinglichen Wandiiberhitzung von 160 K betrédgt ungefihr
das 6-fache der um 5° geneigten und das 23-fache der um 90° geneigten Fldche. Bei allen Winkeln
beginnt die Abkiihlung immer an der untersten Stelle und schreitet nach oben hin fort. Die mittlere
Abkiihigeschwindigkeit von ungefihrt 2,6 cm s~ ist fir Winkel # > 45° nahezu konstant; sie wichst
jedoch fiir kleinere Neigungswinkel stark an und erreicht schlieBlich 6,3 ¢cm s~ bei 0°.

KCITEPUMEHTAJILHOE UCCIEJOBAHUE OBBEMHOIO KMITEHM B
HACBIIIEHHOY %MIKOCTH HA OBPALIEHHBIX BHH3 HAKJIOHHBIX
TTOBEPXHOCTSAX

Annoranus—IIpu 3axanke Mensoro Jmcka toymumsol 12,8 MM u mmamerpom 50,8 MM B Gonbumom
oObeMe HAchUIEHHOH BOABI HOJYYEHB! KDHBLIE KHICHHS UIS YIJIOB HAKJIOH3, cocrasisroumx (°
{nccrenyemas nosepxaocTh obpamiena suu3), 5°, 10°, 15°, 30°, 45° u 90°. Pe3ynbrarsl NOKa3wbIBaIOT, YTO
TEIIOBOH MOTOK NMPH My3BIPHKOBOM KHICHHHM YMEHBLIZETCA C POCTOM YIJIa HAKJIOHA, NPHYEM 3Ta TEH-
Aenuus Oosee BBIpaXKeHa APH MalbiX TEIUIOBBIX moTOKax. HecrausoHapHui e Tennoso#l NMOTOK, a
TAKKE Gyrn» Juus H COOTBETCTBYIOIIMH NEPErpeB CTEHKH BO3PACTAlOT ¢ YBENHUYCHHEM HAKIIOHA MOBEPX-
HOCTH. Bpems 3akankn oOpainenHo#i BHH3 NOBEPXHOCTH ¢ HA4aNbHBIM NEPErpeBoOM CTEHKH, PaBHbIM 160
K, noutn B wects pa3 GoJblie, 4eM NPH YIjie HAKJIOHA, COCTaB/omeM 5°, H B 23 pasa 6obine, gem
npH yrie HakuoHa 90°. JIns BCeX yriloB HAKJIOHA NPOLECC 3aKATKHM HAMMHAETCH CHM3Y M PaclpoCTpaH-
AeTcst BBepX. CpellHAsS CKOPOCTh 3aKAJIKH, COCTABJIAIOIUAS OKOJIO 2,6 oM * ¢™!, NOYTH NMOCTOSHHA NpH
0 = 45°, HO OBICTPO MOBBIUACTCH € YMCHBUIEHHEM HAKJIOHA IOBEPXHOCTH, HNOCTHras NPUMEPHO 6,3
oM - ¢! npm 0°.
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