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Abstract— The objective of this investigation was to apply the technique of using a microthermocouple flush-
mounted at the boiling surface for the measurement of the local surface-temperature history in film and
transition boiling on high temperature surfaces. From this measurement direct liquid—solid contact in film and
transition boiling regimes was observed. In pool boiling of saturated, distilled, deionized water on an
aluminum-coated copper surface, the time-averaged, local liquid-contact fraction increased with decreasing
surface superheat. Average contact duration increased monotonically with decreasing surface superheat,
while frequency of liquid contact reached a maximum of ~ 50 contacts s~ ' at a surface superheat of ~ 100 K
and decreased gradually to 30 contacts s~ ! near the critical heat flux. The liquid-solid contact duration
distribution was dominated by short contacts <4 ms for high surface superheats and shifted to long contacts
>4 ms at low surface superheats, passing through a relatively flat contact duration distribution at about 80 K.
The results of this paper indicate that liquid-solid contacts may be the dominant mechanism for energy
transfer in the transition boiling process.

INTRODUCTION

MODELING of the post-critical heat-flux (post-CHF)
regimes is important to light water nuclear reactor
safety, as well as to other industrial applications where
high temperature boiling surfaces may be encountered.
Recent reviews by Winterton [ 1], and Groeneveld and
Snock [2,3] show that the transition and low
temperature film boiling (near the minimum heat flux)
regimes are not yet well understood.

In general, the modeling approach for these post-
CHF regimes, originally suggested by Rohsenow [4],
uses the concept that at any given instant, the boiling
surface has liquid contacting part of the solid’s surface,
while vapor contacts the remainder, given by

= qFp+q,(1=F,). (1)

qtolal
post-CHF

Generally, liquid has much better thermal transport
properties than its associated vapor, so that heat flux to
the contacting liquid, g, (by transient conduction,
convection, and evaporation), is believed to be
significantly greater than the heat flux to the vapor, g,
(by transient conduction and convection). The
mechanisms that control the liquid-solid contact, and
therefore the instantaneous liquid contact-area
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fraction, F,, remain unclear in pool boiling [1,5], as
well as in forced flow situations [1].

An alternate approach assumes that the process
being represented is ergodic, so that instead of working
in terms of an instantaneous, liquid contact-area
fraction, the total post-CHF heat flux can be written as

=qFs+q,(1—F)) (2)

Giotal
post-CHF

in terms of a local liquid contact-time fraction, F,.

If the area over which a boiling experiment is
performed is of sufficient size that a statistically
sufficient number of the controlling phenomena (such
as Taylor waves) are included in the area average, a
valid F, can be obtained. Similarly, if the time over
which the same phenomena occur is sampled for a
sufficiently long time to include a statistically sufficient
number of occurrences at a point on the surface, a valid
measurement of F can be obtained. If these criteria are
met, then the assumption of an ergodic process implies
that

F, = F, 3)

Itis important to note that the determination of Fy also
implies some minimum size requirement. This is
implicit within the term ‘same phenomena’ used above.
For example, if the Taylor wave mechanism controls
the phenomena, the boiling surface must be of sufficient
size to allow several wavelengths, but does not have to
be large enough to obtain a statistically valid F,.
Studies of the transition and low temperature film
boiling regimes in pool boiling have progressively
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NOMENCLATURE
¢ specific heat [T kg ' K™ '] /naza one-dimensional and two-dimensional
Fy instantaneous liquid contact-area wave-lengths, respectively [m]
fraction [dimensionless] p density [kg m ]
F, local liquid contact-time fraction a surface tension [N -m " '].
[dimensionless]
Fga instantaneous liquid contact ‘small
area’ fraction [dimensionless] Subscripts
do gravitational constant A, B, C time regions denoted in Fig. 4
k thermal conductivity [Wm ™! K] c contact
N number of liquid-solid contacts in f saturated hquid
sample window g saturated vapor
g heat flux [W m~2] i initial state
T temperature [K]. j summation index
! liquid
Greek symbols sat saturation
a thermal diffusivity [m2h™ 1] total  total of quantity subscripted
AT, surface superheat, T, — T, [K] v vapor
0 time [s] W wall or surface.

shown the potential influence of liquid-solid contacts.
Originally, Westwater and Santangelo [6] and Stock
[7] made high-speed motion pictures of boiling and
concluded that there was no liquid-solid contact in
these regimes. Berenson’s study [8] later provided
indirect evidence that liquid—solid contact did occur,
because the boiling curve was affected by a change in
solid materials and surface conditions. Bradfield [9]
performed electric conductance measurements and
confirmed that liquid-solid contacts actually did occur
in the post-CHF regimes and that such contacts
extended well into the film boiling regime.

One of the early models utilizing the concept
represented by equation (1) was that proposed by
Bankoff and Mehra [10]. They assumed that the
majority of the heat transferred came from the liquid
term and employed only the transient conduction
phenomenon as the principal component to represent
the liquid—solid contacts. While they did not directly
calculate F,, they did estimate average contact times.
Numerous other authors have followed similar
procedures of assuming various forms of g; and ¢, in
order to infer F.

In an effort to measure the F, for pool boiling, Yao
and Henry [11,12] used an electrical conductance
probe over the entire boiling area and studied contact
phenomena in stable film boiling of ethanol and water.
They reported the frequency of contact, duration of
contact, and F,. However, due to the inherent
uncertainties in the probe’s calibration curve, reported
liquid contact area fractions may be in error by factors
of 2-5. Also, it is not clear that their boiling surface was
of sufficient size to obtain a statistically valid F,. A valid
F, measurement of a steady-state experiment should
yield no frequency and duration information, yet this is
reported in the paper.

In an effort to measure the F, of pool boiling water,
Nishikawa et al. [13] used small (0.5-mm diameter)
thermocouples embedded 4 mm beneath the boiling
surface and ‘planted’ microthermocouples (0.05-mm
diameter) that were soldered into the surface and
extended out through the boiling fluid. They reported
frequency of contact, duration of contact, and limited
F, data for superheats of 60 K or less. However, their
measurements were made on an 8-mm diameter copper
boiling surface that was of insufficient size to allow a
wave controlled phenomenon in the post-CHF regime.

The present authors recently developed a similar fast
response microthermocouple technique to measure F,
in pool boiling [ 147]. The thermocouple’s measurement
junction was constructed as part of the boiling surface,
but the thermocouple leads exited through the surface
wall material, rather than through the boiling fluid.
Preliminary measurements of F, relative to the
maximum measured surface temperature were ob-
tained and showed an increasing F, as the surface
temperature decreased.

The dual-mode heat-transfer concept expressed by
equations (1) and (2) is also used in models for forced,
convective-flow boiling. Tloeje [15] related the
parametric effects of mass flux, quality, flow history,
flow regimes, and surface effects to the liquid—droplet,
heat-transfer behavior, including both liquid-solid
contact and droplet evaporation in the thermal
boundary layer. Their experimental data agreed in
trend with their theoretical predictions. More recently,
Chen et al. [16] utilized the concept to include liquid-
droplet heat transfer in the film-boiling, dispersed-flow
regime by separate transient conduction, nucleation,
and thin film evaporation mechanisms in order to
represent a droplet contacting the solid. As with pool
boiling, numerous other authors have followed similar
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procedures to calculate either F,, Fy, or the total
surface heat flux.

In an effort to measure the Fy in forced flow, Ragheb
and Cheng [17] developed a flush-mounted, electrical
conductance probe to detect liquid—solid contact on the
inner surface of a thick tube. Transient quenching
experiments in post-CHF convective flow were
performed and a sample F, was reported. Un-
fortunately, their recording medium was too slow in
response for measurement of individual liquid contacts.
Only the time-averaged probe signal was available, and
frequency and contact duration information was not
obtained. Their F, was reported as F, by using
equation (3).

The objective of this investigation was to apply the
technique developed in ref. [14] to evaluate liquid-
solid contact in atmospheric pool boiling water. This
paper discusses the experiment, analyzes the data,
presents results obtained from the experiments, and
draws conclusions from the results.

EXPERIMENTAL APPARATUS

Liquid-solid contact measurements were obtained
during transient quenching experiments in the present
experiment, using a fast-response surface micro-
thermocouple. The thermocouple was constructed
from a 0.51-mm (sheath diameter) microthermocouple
inserted axially and silver-soldered into the center of
a copper block as shown in Fig, 1. The thermocouple tip
was initially extended above the block surface and was
then cut flush with the block surface and polished flat.
To bridge the open thermocouple leads and form a new
thermocouple junction, a thin layer of aluminum was
deposited on the entire surface top by vacuum vapor
disposition. After six multiple coatings the probe
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Fic. 1. Cross section of test block.
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surface had an estimated junction thickness of
0.016 mm and offered an optimum tradeofl between
junction ruggedness and response time.

EXPERIMENTAL TECHNIQUE

To initiate an experiment, the test block-probe
assembly shown in Fig. 1 was placed in a clam-shell
oven and preheated to 720 K. After a uniform block
temperature was obtained by holding the oven at
temperature for 10 min, saturated deionized water was
introduced onto the block-probe surface and contained
by an aluminum skirt. A smooth transition from film
boiling, to transition boiling, to nucleate boiling
occurred as the block gradually cooled. A typical
quench lasted 3—4 min. During the quench, water on the
block wasmaintained at ~4cmdepth. Figure 2showsa
typical trace of the surface-probe response during the
final phase of the quench process.

The temperature signal from the probe for a quench
run was recorded and analyzed using the experimental
setup shown in Fig. 3. The signal from the probe was
amplified and recorded in real time with an FM
recorder, A digital oscilloscope provided real time
monitoring and also digitized the playback signal
from the FM recorder at various sampling rates. The
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F1G. 3. Experimental setup.
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digitized signal could then be transferred to a data
cassette tape and later interfaced with the main frame
computer for calculational purposes.

The measurements obtained from the micro-
thermocouple probe provided two types of informa-
tion regarding the boiling process during the quench
history : the liquid—solid contact characteristics and the
localsurface temperature. These two types of results are
presented and discussed below.

LIQUID-SOLID CONTACTS

Figure 4 shows a sample of the probe signal during a
short window in the quench transient. When local film-
boiling conditions (a vapor film levitating the liquid)
exist over the probe surface, a high surface temperature
is registered (Fig. 4, region A). As the vapor film is
temporarily displaced from the hot wall, direct liquid—
solid contact results, with transient conduction
removing heat from the block surface. This removal
rate is 2--3 orders of magnitude higher than that
encountered when vapor covers the surface [14] and a
sudden drop in surface temperature is observed (Fig. 4,
Region B). Then, when the liquid is again expelled from
the surface and dryout occurs, the surface temperature
returns to a more elevated superheat (Fig. 4, Region C).
Thus, the period of time that liquid contacts the block
surface, 6, is that duration denoted by region B, f. The
F, for Fig. 4 would then be given by

Fy = Og/(04 + O+ 00). 4)

Generalization of this procedure for an arbitrary
sample window having N liquid-solid contacts yields
the relationship

N
Fy= Z Hl,j/()tmal' 5

j=1
A further discussion of the criteria used to distinguish
such liquid contacts from the probe signal and a
discussion of the error associated with this time domain

information are given in ref. [18].

Itis widely accepted that at high surface superheats, a
relatively stable vapor film exists between the hot
surface and the bulk liquid. As the surface temperature
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F1G. 4. Typical local surface temperature history for a liquid--
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F1G. 5. Time-averaged liquid contact fraction as function of
surface superheat.

gradually lowers, the vapor film becomes increasingly
unstable and the surface area having liquid contacting
it increases. A plot of the local liquid contact-time
fraction is shown for three quench runs in Fig. 5 and
supports this theory. The quantity plotted as the
abscissa of Fig. 5 and other figures to follow is the
surface superheat, AT,,,, determined by using the time-
average of the probe-measured surface temperature.
The local surface temperature will be discussed in detail
in the next section.

From Fig. 5 several interesting factors can be noted
(in addition to the dominant characteristic of
decreasing F,) with respect to increasing surface
superheat. The trends of the data indicate that F; —» 1.0
somewhere between superheats of 0 K and about 30 K,
as it should. Also, F, becomes very small for surface
superheats >200 K. For superheats between 90 and
160 K, where the number of contacts are reasonable
and the statistics have indicated a maximum error of
about 10%; (90%; confidence), the scatter in the data is
the greatest. This is interpreted as indicating a boiling
regime subject to variations in the physical phenomena.
It may, for example, reflect the aging of the boiling
surface; however, this cannot be proven for the current
experiment. At lower surface superheats (around 30-60
K), the variations within Fy are within the maximum
error of about 409 (90%; confidence), and not order of
magnitude variations as at the higher superheats.
Whether this is a more stable boiling regime as
supported by Lee’s [19] heat flux analysis, or just an
occurrence resulting from the statistics of the current
study must be determined by further investigation.

A comparison of a typical Fy (run 1) can be made to
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Fi1G. 6. Comparison of current typical results to those of Fig. 9
of ref. {11].

the results obtained by Yao and Henry [ 11, 12] for their
F, (see Fig. 6). Generally, F, from the current
experiments lies close to the upper bounds of the F,
data. Considering the three major differences between
thetwo experiments, the results are in surprisingly good
agreement. First, the current experiment was run using
an aluminum coating of the block’s boiling surface and
was done in air (so that surface oxidation would occur),
asopposed to the Yao and Henry experiments, in which
the copper block was gold plated and the experiment
performed in an inert argon atmosphere (producing a
non-oxidized surface). Second, the calibration un-
certainty of the Yao and Henry probe involved factors
of 2-5. Third, a potential difference between the two
experiments arises from possible copper block size
limitations, because the size of the Yao and Henry test
block was not specified —only an indication that “liquid
geometries with diameters greater than the fastest
growing wave length were considered”. As indicated in
the introduction, in order for a valid area average
measurement of F 4 to be obtained, a large enough area
must be considered in order that a statistically sufficient
number of wavelengths exist over the boiling surface. It
is not clear whether the Yao and Henry experiments
meet this requirement, because (as shown in Fig. 6,
which reproduces Fig. 9 of ref. [12]) contact duration
information is given, implying that the size is not
sufficient to obtain true instantaneous, area-averaged
statistics. A true steady-state or pseudo-steady-state
area-averaged liquid contact fraction measurement
should not produce contact duration information.
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Thus, it appears that the signal from the Yao and
Henry probe should also be time-averaged, in order to
obtain a liquid contact fraction against which to
compare. Since the frequency of contact information is
missing for each contact in ref. [12] and the
interrelationship between each contact is missing in ref.
[11], the integration with respect to time cannot be
done. However, it can be argued that while the block
size is insufficient to provide good statistics for an
instantaneous area average, the size is sufficient to
allow the controlling mechanism (Taylor wave
instability) to be free of the boundary. For this
situation, there will be instantaneous liquid contact
‘small area’ fraction, Fg,, measurements, which for a
given surface superheat are thesame asa true F,. These
Fgo will be the maximum Fg, the small area can
measure for that surface superheat. Smaller values of
Fg, are measured, butit is assumed that their frequency
ismuch greater and that they could be time-averaged to
still produce the maximum Fg, at this surface
superheat. Yao and Henry also note that the contacts
above the homogeneous nucleation temperature may
not be actual contacts, but arise from local electrical
discharges resulting from the high temperatures and
their dc circuitry. For the current experiments, very
limited contacts above the homogeneous nucleation
temperature were observed (see Fig. 6). The detection of
these high temperature contacts is very sensitive to the
third criterion discussed in Appendix A. The above
arguments offer an explanation, then, of why: (a) the
current F, values lie near the upper bound of Fg, in Fig.
6; (b) there are many values of Fg, below the current
data.

Also shown in Fig. 6 is the limited F, data of
Nishikawa, [ 13] which only reports F, data for surface
superheats up to 35K, due to difficulty in reading their
temperature traces above that superheat. The data are
in reasonable agreement with the trends of the current
data, considering the limited size of their boiling surface
(8§ mm diameter) relative to the most dangerous
wavelength (2.7 cm). This small size assures that the ‘jets
and columns’ phenomena will control their post-CHF
boiling process as opposed to the Taylor instability. At
these low surface superheats, however, it is not clear
that the Taylor instability can continue to function ['5].
Also, ref. [13]’s use of a thermocouple soldered into the
boiling surface and exited up through the fluid should
influence the nucleation process controlling the
phenomena by creating additional artificial nucleation
cavities at the measurement point. This effect should
decrease the measured F,, but to what extent is
unknown.

The frequency of liquid—solid contacts for the typical
run (Run 1) is shown as a function of surface superheat
in Fig. 7. The frequency of liquid—solid contact was <5
contacts/s with surface superheats > 180 K. As the
surface superheats decreased from 180 K, an
increasingly unstable vapor film introduced a
progressive breakdown of film boiling, resulting in a
maximum liquid contact frequency of ~ 50 contacts/s
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FiG. 7. Typical liquid-solid contact frequency vs wall
superheat.

at 100 K superheat (a high contact frequency of 100
contacts s~ ! was reported in Run Series I of [19]). As
the wall superheat dropped below 100 K, a gradual
drop in contact frequency to about 30 contacts s~ *
occurred as critical heat flux was approached [19].
The frequency-of-contact results for Run 1 are also
compared to other available frequency-of-contact data
in Fig. 7. Typical data of Nishikawa [13] show
frequencies higher than those of the present work for
the superheat ranges available. However, the frequency
increases as the surface superheat increases, whichis the
same trend of the current data over this low superheat
range. In the case of the ref. [13] data, the artificial
cavities created at the thermocouple-surface junction
could increase the number of departing bubbles, and
therefore increase the contact frequency. For complete-
ness, the data of Yao and Henry [11] are also shown.
Due to the ‘small area’ argument presented in the pre-
vious discussion of Fg,, the difference that exists should
not be considered, since the frequency they measure is
the contact frequency of their total area as opposed to
the point contact frequency of the present work.
Figure 8 illustrates that the average duration of the
liquid-solid contacts for Run 1 behaved much as
expected, increasing with decreasing superheat. The
average liquid—solid contact durations hovered around
1 ms with surface superheat > 80K, and increased very

L. Y. W. Leg, J. C. CHEN and R. A. NELSON

rapidly to 15 ms before full liquid contact on the surface
occurred.

Alsoshown onFig. 8 are typical results from ref. [ 137.
which have the same trends as the current data, but
which are shorter in duration for a given wall superheat.
As with the argument for F, and contact frequency, the
difference created by the possibly different phenomena
is unknown, but additional cavities creating more
bubbles probably shorten the contact time. The
measured contact times in the Yao and Henry results
[12] can be seen in Fig. 6, but as with their frequency
measurement, they reflect a quantity to which the
current average contact duration should not be
compared.

Figure 9 presents the liquid—solid contact duration
distributions at various average surface superheats for
Run 1. As expected, the distributions show that as the
superheat decreases, the liquid—solid contact duration
distribution shifts to include longer duration contacts.
The shortest duration contact measured during these
experiments was 0.5 ms, while the longest was generally
< 32 ms before final quench. For Run 1 at an average
surface superheat of 114.5 K [see Fig. 9(a)], ~37% of
the liquid contacts that occurred were between 0.5 and
1.0 ms. Seventy-five percent of the contacts were < 2 ms,
while 979 were <4 ms. At low surface superheats [see
Fig. 9(b)] the distribution is reversed from that of the
high superheat. A typically flat distribution occurred at
a surface superheat of ~80 K [see Fig. 9(c)].

Using the information in Fig. 9, an estimate of the
maximum error produced by the microthermocouple
response on Fycan be obtained by considering the error
in measured 6, ; to be equal to the slowest measured
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Fi1G. 8. Average duration of liquid-solid contact.
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response time of 5 (107%) s. For the high surface
superheat in Fig. 9(a), a maximum error for Fy of 5% is
calculated due to thermocouple response time. For the
low surface superheat in Fig. 9(b), the error is <19,
Therefore, combining this error with the maximum
error due to the sampling window (discussed in ref.
[18]), a maximum error for Fis obtained of ~ 15% for
the high surface superheats (90 < AT,,, < 160 K), 40%,
for the low surface superheats (30 < AT, < 60 K),
and hundreds of percent for the very high superheats
(AT,,, > 180 K).

sat
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LOCAL SURFACE TEMPERATURE

The above results describing characteristics of
liquid—solid contacts have been presented in reference
to the surface superheat (Figs. 5-8). For these results,
the surface superheats were measured by the same
microthermocouple probe. At a much slower sampling
frequency (20 s~ ') than that used in obtaining liquid
contact information, it is possible to record the overall
surface temperature history throughout the quench
process. As shown in Fig. 2, a typical quench history
passes from stable film boiling, through transition
boiling, and into the nucleate boiling regime. In most
boiling experiments, all temperatures are normally
measured by thermocouples imbedded in the wall at
some depth below the boiling surface. Such imbedded
thermocouples have slow response times and are
insensitive to the short-term phenomena associated
with individual bubbles or liquid contacts on the
boiling surface. Inverse conduction calculations from
these measured temperatures are normally utilized to
infer time-averaged wall surface temperatures. With
the surface thermocouple used in this investigation,
a more direct measurement of the surface tempera-
ture is obtained. However, because of its small
localized sensing junction and fast response, this probe
provides a measurement of the transient surface
temperature that is sensitive to individual liquid
contacts or bubble phenomena. Therefore, to obtain a
comparable time-averaged surface temperature, it was
necessary to integrate the surface thermocouple signal
over a finite window of time. The procedure used was to
average the probe signal over windows of 0.8 s. These
time-averaged temperatures were then utilized to
determine the wall surface superheat, AT,,,, shown in
Figs. 5-8.

Once the time-averaged surface superheat was
obtained, it was also possible to determine the transient
surface heat flux by one-dimensional, inverse-
conduction analysis. Following the method of Beck
[20], such analyses have been performed and the
resulting boiling curves are given in ref. [19].
Calculations of the heat flux were made [19], using the
simple concept originally proposed by Bankoff and
Mehra [10], and compared to the reduced boiling
curves. Neglecting the vapor contribution and using
measured contact data, two limiting cases for the heat
flux were calculated using the solution [21] for two
semi-infinite media at different temperatures brought
together. The lower limit used the kpc of water and
represented the conduction transport limit imposed by
the liquid. Under normal situations, internal circu-
lation and turbulence within the liquid will increase the
effective thermal conductivity of the contacting liquid.
An upper limit exists when the effective thermal
conductivity of the liquid becomes so high that the heat
transfer rate is limited by the base metal, i.e. the kpc of
the liquid tends towards infinity. These limiting cases
were found to bound the reduced boiling curves
indicating that liquid-solid contacts may be the
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dominant mechanism for energy transfer in the
transition boiling process.

CONCLUSIONS

A special microthermocouple surface probe was
successfully employed to obtain direct measurements
of liquid-solid contacts in film and transition boiling of
water at atmospheric pressure. The local liquid
contact-time fraction, F,, decreased from ~0.5 at a
surface superheat of 30 K to ~0.003 at a surface
superheat of 200 K. The frequency of occurrence of
liquid contact was found to have a maximum value of
~ 50 contacts s~ ', at surface superheat of ~ 100 K. The
average duration of liquid contact decreased steeply
with increasing surface superheat, varying from ~ 15
ms at 30 K superheat to ~ 1 ms at 120 K superheat. The
frequency distribution for liquid contacts shows that
short duration contacts dominate at high wall
superheat and relatively long liquid contacts dominate
at low wall superheats. While these boiling-curve
results are not presented explicitly in this paper, the
results indicate that liquid-solid contacts may be
the dominant mechanism for energy transfer in the
transition pool boiling process. [t is hoped that both the
instrument and the technique discussed will prove
useful in future investigations to further the
understanding of liquid-solid contact phenomena.

Notice—This paper was prepared as an account of work
sponsored by an agency of the United States Government.
Neither the United States Government nor any agency
thereof, or any of their employees, makes any warranty,
expressed or implied, or assumes any legal liability or
responsibility for any third party’s use, or the results of such
use, of any information, apparatus, product or process
disclosed in this report, or represents that its use by such third
party would not infringe privately owned rights. The views
expressed in this paper are not necessarily those of the U.S.
Nuclear Regulatory Commission.
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Liquid-solid contact measurements using a surface thermocouple temperature probe

MESURE DE CONTACT LIQUIDE-SOLIDE UTILISANT UNE SONDE DE TEMPERATURE
DE SURFACE A THERMOCOUPLE DANS L’EAU BOUILLANT A PRESSION
ATMOSPHERIQUE EN RESERVOIR

Résumé—L’objet de cette étude est d’appliquer la technique utilisant un microthermocouple a la surface
d’ébullition pour la mesure de I’histoire de la température de surface locale pendant I'ébullition en film et en
transition. De ces mesures sont observés des contacts directs liquide-solide dans ces régimes d’ébullition. En
ébullition d’eau saturée, distillée et déionisée sur une surface de cuivre recouverte d’aluminium, la fraction de
temps de contact local avec le liquide augmente quand la surchauffe de la surface diminue. La durée moyenne
de contact croit de fagon monotone quand la surchauffe de la surface décroit, tandis que la fréquence de contact
liquide atteint un maximum proche de S0 contacts/s pour une surchauffe de 100 K environ et elle décroit
graduellement jusqu’a 30 contacts/s preés du flux critique. La distribution de temps de contact liquide—solide est
dominée par des contacts brefs inférieurs a 4 ms pour les fortes surchauffes et elle atteint des contacts prolongés
supérieurs & 4 ms pour les faibles surchauffes, en passant par une distribution assez plate de durée de contact
vers 80 K. Les résultats de cet article montrent que les contacts liquide-solide peuvent étre le mécanisme
dominant du transfert d’énergie dans le mécanisme d’ébullition de transition.

FLUSSIG—FEST-KONTAKTZEIT-MESSUl}IGEN MITTELS EINES OBERFLACHEN-
THERMOELEMENTS BEIM BEHALTERSIEDEN VON WASSER BEI
ATMOSPHARENDRUCK

Zusammenfassung—In dieser Untersuchung wurde ein in die Siedeoberfliche eingelassenes Mikro-
Thermoelement zur Messung der zeitlichen Verdnderung der lokalen Oberflichentemperaturen beim Film-
und Ubergangssieden an Hochtemperaturoberfiichen verwendet. Aufgrund dieser Messungen konnte der
direkte Kontakt zwischen Fliissigkeit und Feststoff beim Film- und UTbergangssieden verfolgt werden. Beim
Behiltersieden von gesittigtem, destilliertem, deionisiertem Wasser an einer aluminiumbeschichteten
Kupferoberfliche steigt der zeitgemittelte lokale Flissigkeitskontaktanteil mit fallender Wandiiber-
temperatur. Die mittlere Kontaktzeit steigt monoton mit sinkender Ubertemperatur der Oberfliche,
wihrend die Frequenz des Fliissigkeitskontakts bei ~ 100 K Wandiibertemperatur ein Maximum von ~ 50
Kontakten/s erreicht und langsam auf 30 Kontakte/s in der Néhe der kritischen Wirmestromdichte absinkt.
Die Verteilung der Kontaktzeit zwischen Fliissigkeit und Feststoff wurde bei groBen Wandiiberhit-
zungen durch kurze Kontaktzeiten <4 ms bestimmt und verschob sich zu langen Kontaktzeiten >4 ms bei
kleinen Wandiiberhitzungen, wobei eine relativ flache Kontaktzeitverteilung bei etwa 80 K Wandiiber-
temperatur durchlaufen wurde. Die Ergebnisse dieser Arbeit deuten an, daB die Kontakte zwischen Fliissigkeit
und Feststoff ein bestimmender Mechanismus des Energietransports beim Ubergangssieden sein kénnten.

WU3MEPEHHWA HA TPAHULIE XUAKOCTb-TBEPJOE TEJO C UCNOJB30BAHUEM
NMOBEPXHOCTHOI'O TEMIEPATYPHOI'O JATUUKA C TEPMOITAPON MPYU KUTEHUU
BOJbI B BOJIbIIOM OFBEME B ATMOC®EPHLIX YCJIOBUAX

Aunoraums—/{ns H3MEPEHHS H3MEHEHHWA BO BPEMECHH MECTHOW TEMMEpaTypsl NMOBEPXHOCTH TpH
MICHOYHOM HECTAUMOHAPDHOM KHMEHHM Ha BHICOKOTEMINEPATYPHBIX MOBEPXHOCTAX HCMOJB3YIOTCS
MHKPOTEPMONAPE!, BMOHTHPOBAHHBIE 3aNOMJIKLO C MOBEPXHOCTBIO KUMEHHA. B pelynbraTe H3MepeHuit
N0J1y4eHbl JaHHbIE N0 TPAMOMY KOHTAKTHPOBAHUIO XUMAKOCTH H TBEPLOTO TeJa B PEXKUMAX [LIEHOUHOTO
M HECTALUMOHAPHOTO Kumenus. [IpH kuneHuH GosbIIOTO 06beMa HACHILIEHHON, AMCTHUIMPOBAHHOM,
LEHOHH3OBAHHOW  BOABI HAa  MOKPLITOH  QJIOMHHMEM  MeOHO# MOBEPXHOCTH  MNOKa3aTelb,
X4PaKTEPU3YIOLUA OCPEAHEHHYIO MO BPEMEHH COCTABJISIOILYIO JIOKAJbHOIO KOHTAKTa XHAKOCTH ¢
NOBEPXHOCTLIO, PacTeT C yMEHbIIEHHEM NeperpeBa NoBepxHocTH. OcpelHeHHas NPOJOJIKHTENLHOCTh
KOHTAKTa BO3PacTaeT MOHOTOHHO C yMEHBIUIEHHEM NEPErpeBa MOBEPXHOCTH, B TO BPeMs KaK 4acTOTa
KOHTAKTa C XKHAKOCTbIO AOCTHIaeT MakCHMyMa (~ 50 KOHTaKTOB/C) Npy neperpese nosepxHocty (~ 100
K),  noctenenHo y6uiBaeT 10 30 KOHTAKTOB B CEKyHAYy NpPH KPUTHYECKOM TEMNOBOM moToke. s
6oablIOrO NeperpeBa MOBEPXHOCTH Pacnpefie/ieHHe NPOAOCKHTEILHOCTH KOHTAKTa XHIAKOCTh-TBEPAOE
TE/N0 B OCHOBHOM OMNpEIENSETCA KOPOTKMMH KOHTakTaMu <4 MC M cMeilaeTcss B CTopoHy Gojee
NJIMTEIbHbIX KOHTAKTOB >4 MC MpH HH3KMX MEPErpeBax MOBEPXHOCTH, NMPOXOS 4EPE3 OTHOCHTENBHO
POBHOE pacnpenesieHne NPoaOKHTENBHOCTH KOHTakTa nipu TemmnepaTtype ~ 80 K. PesynbraTsl paGoTst
NOKA3bIBAIOT, YTO KOHTAKTb! XHAKOCTb—TBEPAOE TENO B NPOLECCAX HECTALUMOHAPHOrO KHMIEHHS MOTYT
6b1Th NpeobanalowuM MEXaHW3MOM 3HEProoOMeHa.
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