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Introduction

The studying of boiling process is interested in connection with wide
application in the engineering. The development of micro-processing technologies has
made possible manufacturing of artificial cavities on a solid surface.

It allows to investigate boiling characteristics for a surface with single and the
several nucleation sites. M.Shoji with co-authors [1-4] have spent experiences as with
single and the several nucleation sites and have shown, that depth of a cavity has
strong influence on boiling.

The research of boiling characteristics has represented in the works [5-6] spent
on MPEI Engineering thermophysic's department under the guidance of professor
Kuzma-Kichta Yu.A. The method, based on use of a continuous low-power laser



beam, is developed. The data on departure diameter, separation frequency, rising
velocity of vapor bubbles, steam quality near a wall have been obtained at water and
water - NaySOj4 solution’s boiling at atmospheric pressure. In [6] the processing
method of the big data files is developed for the basic boiling characteristics and for
the first time rising velocity of vapor bubbles are measured at water solution's boiling.

The present work was executed in Friedrich - Alexander University in
Erlangen (Germany) on department of fluid mechanics at support of professor's Klaus
Riedle fund. The research of water boiling on a surface with the single artificial
nucleation sites is carried out with use of a digital videocamera. In work were
measured separation frequency and departure diameter of vapor bubbles.

Research technique

The research technique is based on use of digital video camera Mocam 500
Mikrotron with the maximum speed of 520 frames/s. The origin, growth and a
departure of a vapor bubble at single cavity on a heated surface is recorded in film.
When finished recordings, shots were transferred to the personal computer and
remained in the form of the single drawings making sequence for a certain experience.
The objective F2.5/18 - 108 mm was used at reception of pictures. The surface with
the artificial cavity made on it was located in a vessel with water.

The time intervals, which are passing between vapor bubbles departure from a surface
are fixed for definition of bubble separation frequency and their quantity during
experiment. The observation have shown, that a waiting time is equal zero.

The growth time was defined as follows:

T=—

v, (1)

where n — frame quantity, v — camera speed.

The separation frequency of vapor bubbles was accepted to equal a return size of
growth time.

The program ImageJ has been used for definition departure diameter of steam
bubbles. The bubbles were compared with the ruler that is placed in each removed of
shot for seals definition.

The most probable departure diameter of a vapor bubble was calculated from
expression:
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The asymmetry factor was defined from a parity:
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Experimental setup

Two working surfaces are used with the single cylindrical cavities located on
them in diameters - 100 up to 200 microns, and depth - 80 microns. The surfaces had
electrical resistancel0 Q and the following sizes: one surface had the sizes: 15 mm x
50 mm and the cavity on it has been made in diameter 100 microns. The other surface,
with the sizes 8 mm x 2.7 mm had a cavity in diameter 200 microns. On Figure 1 is
presented one of the investigated surfaces. The thermocouple with which help the
wall temperature was defined is visible in the front of unit.

Water boiling is investigated in the conditions of free convection at atmospheric
pressure.

In experiments temperatures of a liquid and a heated up wall were defined.
The wall temperature was defined by means of a standard thermo element. The
program of video camera’s management allows to change shooting speed and
parameters of received images.

Fig.1. The surface with the artificial nucleation site with diameter 200 microns
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Experimental data

Water boiling was researched both at saturated, both subcooled conditions.
The subcooling of water to saturation temperature made AT,=2-4 K.
On Fig. 2 are presented the frame shots received at carrying out of recording in one of
experiments.

0.05s 0.055s

Fig. 2. Bubble growth on a surface with the artificial nucleation site (D=200
microns), AT=2 K, =100 kW/m’

On the finished shooting were defined departure diameter and departure

frequency of vapor bubbles. An analysis of recordings allows to made observations:
the first - when the steam bubble appears on a surface, the second - before origin of a
new steam bubble (Fig. 2, time from 0 to 0.055 s). As result of shootings, it is
possible to draw a conclusion, that the waiting time of a vapor bubble is small in
comparison with growth time (it makes some percents).
The following dependence is constructed for the definition of a minimum quantity of
vapor bubbles necessary for reliable separation frequency and departure diameter of a
vapor bubble. On Fig. 3 is presented the dependence of the most probable separation
frequency of vapor bubbles on quantity of processed vapor bubbles.
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Fig. 3. The separation frequency received at processing of various vapor bubbles

quantity

From the schedule on Fig. 3 it is visible, that the quantity of the processed
bubbles should be not less than 100 for reliable most probable separation frequency.
The dependences, to be presented on Fig. 4 are constructed through data about growth
of a vapor bubble radius versus time. The results of calculation under D.A4.Labuntsov
and V.V. Jagov equations [8] and M.A.Mikheyev [9] are shown also on the Fig 4.
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The curves 1 and 2 are received at subcooling AT =2 K, the curve 3 is received
under condition of saturation.

Since time t=0.02, the growth rate of a vapor bubble is less for a surface with
the single artificial nucleation site, then according to calculated dependences for
boiling on usual surfaces. The noted divergence is less in case of a bigger diameter’s
cavity. It is discovered, that the growth speed of vapor bubble is lower in the
investigated conditions, than at boiling on a usual surface.

The vapor bubbles’ separation frequencies and departure diameter’s distributions are
constructed for definition of the most probable sizes. On Fig. 5 the separation
frequency distributions of a vapor bubble are presented at AT,=2 K and various heat
fluxes for a cylindrical cavity, with diameter 200 microns. The related number of the
bubbles, which the bubbles’ number with certain frequency to the total bubbles’
number fixed in experiment is equal, is marked on a vertical axis.

The decreasing a maximum and its displacement are observed towards the big
frequencies with increasing the heat flux.

On Fig. 6 the distribution of the vapor bubbles’ departure diameters is
presented at boiling on the surface with a 200 microns diameter cavity.

The decreasing a maximum and its displacement are observed towards smaller
diameters with growth of heat flux. However, this displacement is not so great as on
distribution of frequencies.

The decreasing departure diameter and increasing separate frequency of vapor
bubbles are observed with increasing heat flux.
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Fig.5. The vapor bubbles’ separation frequency distribution for a cavity 200 microns
at different heat fluxes, AT,=2 K
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Fig.6. The vapor bubbles’ departure diameters’ distribution, for cavity diameter 200
microns, at different heat fluxes, AT,=2 K

On Fig. 7 the dependence of asymmetry factors is presented at different heat
fluxes. The growth of asymmetry factor is observed on departure diameters’
distributions with the increasing heat flux. The asymmetry factor of vapor bubbles’
separ%tion frequency distributions passes through a maximum at heat flux =56
kW/m”.
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Fig.7. Dependences of asymmetry factors at different heat fluxes. Cavity 200 microns,
AT,=2 K

On Fig. 8 the dependence of most probable separation frequency is presented

at different heat fluxes, AT,=2 K. The increase of vapor bubbles’ separation
frequency is observed with increasing the heat flux. On Fig. 8 the data [3] are shown
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also for a cavity with diameter 10 microns. It can be seen: the curve f(g) displaced in
the side of the smaller heat fluxes with decreasing cavity diameter.
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Fig. 8. Dependence of vapor bubbles’ separation frequency at different heat flux,
AT=2 K
On Fig. 9 skilled data of the present work are compared with the results

received in works [6,7] and calculation under the equation of V.V. Jagov. Apparently,
departure diameters of vapor bubbles do not depend in case of boiling on a surface
with a single cavity practically at heat flux. The departure diameter of a vapor bubble
is increasing with growth of cavity’s diameter.
Boiling on usual surfaces gives other dependence R (g). The data (o) are obtained in
case of narrow beam and data (+) — in case of wide beam.
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Fig. 9. Dependence vapor bubbles’ departure radius on heat flux, AT,=2 K
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On Fig. 10 the dependence of dimensionless complex is presented as the

function of Jacob’s number:

F(Ja)=Ja- (1 (71, Va+ () B Ne Bota+ (a) | )
y=03,5,=6

where: a — thermal diffusivity,
= p'cp
p| ' hlg

(6)
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Fig. 10. Dependence of dimensionless complex on function of the Jacob’s

number, AT,=2 K

On Fig. 10. Calculation on equation [9] is shown by a line:

2
fi:48-gT -F(Ja),
a (7)

£ =0.625

It is visible on Fig. 10, that skilled data for a cavity in diameter 200 microns are co-
ordinated with dependence for usual surface [9] whereas data for a cavity 100 micron
lays lower.

Conclusions

The experimental data on vapor bubble’s growth has been got on a surface with an
artificial nucleation site for pool boiling water at atmospheric pressure. It is estimated,
that the growth speed of vapor bubble is lower in the investigated conditions, than at
boiling on an usual surfaces.

The distribution of separate frequency and departure radius are constructed at
different heat fluxes.

It 1s discovered, that the decreasing a maximum and its displacement is occurred in
side of bigger separate frequencies with increasing of heat flux. The drop of
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maximum and its displacement is discovered on a distribution of departure diameters
in side of smaller departure diameters with increasing of heat flux.

The most probably values departure diameters and separate frequencies are founded
on a surface with a single artificial cavity. The dependences of vapor bubbles’
departure diameters and separate frequencies are determinate on heat flux.

It is discovered, that the decreasing departure diameter and increasing separate
frequency of vapor bubbles are observed with increasing heat flux.

The comparision has been undertaken of the separate frequency for a cavities of the
different diameters with the famous experimental data for a surface with the artificial
nucleation site.
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Afonins S., Kuzma-Ki¢ta Yu.A., Dursts F. VariSands procesu péfiSana uz virsmam ar maksligajiem
tvaika fazes veidoSanas centriem
Darba veikti eksperimentali Skidrumu variSands procesu pétijumi uz virsmam ar maksligiem tvaika
fazes veidosanas centriem. Analizejot jaundko pétjjumu rezultatus un salidzinot tos ar klasiskajiem
darbiem (Labuncovs D.A, Jagovs V.V., Mihejevs M.A.), pieradita dota darba tematikas aktualitiate un
perspektivitate. Ar atrdarbigas fotokameras palidzibu iegiti dati par tvaika burbuliSu atrausands no
sildvirsmas diametru un frekvenci. Darba rezultata iegitas sakaribas par burbulisu atrausanas radiusa
un frekvences atkaribu no siltuma slodzes. Tapat ieguti dati par tvaika burbulisu augSanas atrumu
Skidruma tilpuma uz sildvirsmam ar specialu apstradi. Veikts iegiito eksperimentalo datu salidzinajums
ar agrak zinamajiem pétijumiem virsmam ar maksligajiem tvaika fazes veidosanas centriem.
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Afonin S., Kuzma-Kichta Yu.A., Durst F. Boiling investigation on a surface with the artificial
nucleation sites

Results of an experimental investigation of liquid’s pool boiling at atmospheric pressure on solid
heating surfaces with an artificial vapour nucleation sites are represented in the given report. An
anlysis of latest investigations and classical works (D.A.Labuntsov V.V. Jagov, M.A.Mikheyev)
confirms actuality and perspectivity of given thematic. Data regarding frequency and diameter of
vapour bubble departure from surface are obtained by high speed photography. Relationships of
departure conditions versus heat flux density on surfaces with artificial nucleation sites are elaborated.
Comparision of obtained data with similar previous known experimental investigation's results is
carried out.

Agonun C., Kysma-Kuuma FIO.A., /lypcm @. Hccnedosanue Kunemus Ha HOGEPXHOCHU C
UCKYCCHIBEHHBIM UEHMPOM RAPOOOPA308AHUSA

B pabome nposedeno sxcnepumenmanbroe ucciedo8anue KUnenus Ha NOGEPXHOCMU ¢ UCKYCCBEHHbIM
yenmpom napoodpazosanus 6 Oonvwom 0bveme npu ammocgeprom OasieHuu. Auaruzom
Pe3yIbmamos  COBPEMEHHbIX  UCCIe008AHUL U  CPABHEHUeM UX C KIACCUYeCKUMU pabomamu
(d.A.Jlabynyos, B.B.fz06,M.A.Muxeeg) Oo3zana axmyanvHocms U NePCHEKMUBHOCIb OAHHOU
memamuxu. C nomMowbio 8biCOKOCKOPOCMHOU 8UOCOKAMEPLL NOTYYEHbl OAHHbIE NO YACOme Ompbied U
OmMpuIGHOMY Ouamempy Naposvix nysvipeu. Pezynomamamu pabomel A671a10MCcA pacnpeoeienus u
3a6UCUMOCIU OMPLIBHO20 PAOUYCA U YACMOMbL OMPbIEA NAPOGLIX NY3bIPEli OM MenI080U HASPY3KU.
Takoice noayuenvl OamHbie HO POCMY NAPOBO2O NY3bIPs NPU KUNEHUU 6 00abulomM oOveme Hd
HOBEPXHOCMU € UCKYCCMBEHHbIM  Veryonenuem. I[Iposedenvl cpaguenusi ONbIMHLIX OAHHBIX 1O
yacmomam ompwia ¢ U3BECMHBIMU OAHHBIMU O] NOBEPXHOCMU C UCKYCCMGEHHbIM UYEHMPOM
napooopazoeanus.
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