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Abstract—In evaporators, which are characterized by introduction of superheated steam into water
to be evaporated, the steam is distributed over so-called nozzle plates. The steam is introduced into
water through a multitude of cylindrical bores. Regarding the optimum construction of such evaporators,
the minimum path of heat transfer is of interest, which is covered by the superheated steam bubbles
until reduction of their superheat. On account of its magnitude the energy transport during bubble
formation can become significant for the total transport of energy.

In Part I a report was given of the formation of superheated steam bubbles, their size, shape and
frequency of formation at high system pressure, and system temperature.

This part of the work describes the heat transfer during the period of bubble formation.

In the range of system pressures considered in the experiment of 15-160at a decrease in superheat
temperature of 40-60%, is measured during bubble formation. The average heat-transfer coefficients
range from 0.05 to 0.75W/cm? K. The heat transfer is indicated by a relation of the Stanton number

as a function of the Reynolds number.

NOMENCLATURE

Indices
b, Laplace constant;
. ) Ab,  detachment;
¢y specific heat; 0 rifice:
d, orifice diameter; V’ o ‘ ci ber:
g specific free enthalpy; I ant ec :.lm etr,t £ water st h
h, temperature measuring point; ,  saturation state of water/steam phase.
rt,  mass flow rate; INTRODUCTION
P pressure;
. ALTHOUGH the energy or mass transport between
r, latent heat; .. .
. bubbles and liquids resemble one another congiderably
S, enthalpy; . .
p heat flux. during the period of bubble ascent and bubble for-
t e ) mation, the values obtained for bubble ascent can be
Vv, specific volume; ) .
0 surface: applied to a limited extent only to non-steady-state
}': temperz’xture' processes taking place during bubble formation.
’ ) ’ This holds in particular if the resistance to transfer
Re, - Reynolds number; is on the gas side. According to Grassmann [1] the
dno velocity at which the gas enters the liquid via the
N ob Nussel ber: orifice is mostly much higher than the velocity of
Uy Nusse t number; bubble ascent. During the process of formation the
e content of the bubble is very thoroughly mixed up due
Pe, —-}—j’, Péclet number; to the supply of steam through the orifice so that
mostly more than half of the initial thermal un-
st, ﬂ , Stanton number. equilibrium decays during bubble formation, .
mep L’Ecuyer [2] quotes measurements by which the
transition from steam into dry nitrogen bubbles was
Greek symbols determined during bubble formation. According to
a, heat-transfer coeflicient; these measurements the detaching bubble was satu-
7, viscosity; rated by steam up to 40 and 65% while an increase
2, thermal conductivity; in mass transfer was achieved by enhancement of
A, difference; the liquid vapor pressure. Conversion of these values
v, kinematic viscosity; on the assumption that an analogy exists between the
P density; heat and mass transfer gives heat-transfer coefficients
o, surface tension; a = 0.015-0.03 W/cm? K. Experiments with nitrogen
T response time., and water and ethyl alcohol, respectively, were per-
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formed by L’Ecuyer [2]. Nitrogen was injected through
orifices of 1.6 and 0.8 mm diameter. The temperature
difference between the heated liquid and the precooled
nitrogen was approximately 155 K. For a mass flow of
2.25 x 1073 to 12.7 x 1073 g/s changes of temperature
of the injected gas during the period of bubble for-
mation was observed to be 55-90% of the overall
temperature difference. The heat-transfer coefficient
ranged from 0.01 to 0.02W/cm?K. In these experi-
ments the heat and mass transport, respectively, moves
from the liquid into the gaseous phase.

Grassmann and Wyss [ 3] reported upon experiments
performed in water with steam entering in. a super-
heated state. The superheat of steam flows towards
the interface and a so-called heat-transfer coefficient
on the steam side was derived from it. Integral heat-
transfer coefficients were indicated in the range of
0.012-0.08 W/cm? K, i.e. values averaged over bubble
formation and ascent. A strong dependence was
observed of the heat-transfer coefficients on the steam
inlet temperature and the liquid temperature. To pro-
vide an explanation for the observed increase in the
a-values with increasing liquid subcooling, they used
a model of a boundary layer which is laminar on the
steam side and has a given thickness. The steam hitting
the phase boundary condenses due to its own low
thermal energy and due to the water subcooling. This
implies that the steam boundary layer is sucked off
which is thus reduced with increasing subcooling. In
the reverse case where water evaporates into the bubble,
it is assumed that the molecules entering the steam
phase will entail an increase in the boundary layer
and consequently a decrease in heat transfer.

A summarizing representation of bubble formation
at orifices with heat and/or mass transfer taking place
simultaneously has not yet been achieved. This is
probably due to the multitude of individual obser-
vations required from the fact that the physical
parameters are multiple and that measuring problems
are encountered in two-phase states.

EXPERIMENTAL SETUP AND MEASURING EQUIPMENT

This work is an experimental study of heat transfer
from superheated steam to water during bubble for-
mation at single orifices as a function of the system
pressure.

The following variables are necessary to provide
information about heat transfer:

The mass flow rate through the orifice, the area of
exchange surfaces, the temperature differences between
the steam and the water at different levels, and the
system pressure. The test setup, the determination of
the size and shape of the interface, and of the frequency
of bubble formation have been described in Part 1.

The experiments have been so performed that the
superheated steam has been introduced into saturated
water. The value of the system pressure is sufficient to
determine the state of water. The requirement that the
temperature difference between the steam and the water
phases must be measured without influencing the inter-
face and the kinetics of the system resulted in the
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F1G. 1. Thermocouple layout—silver—constantan pair.

development of a new needle-shaped thermocouple
(Fig- 1) [4].

It has a measuring junction of about 35um at its
top. The response time 7 is ~ 0.5 ms if water is dropped
onto it. In superheated steam response times of 3-7ms
are measured depending on the operating conditions.
The measuring probe penetrates like a needle the inter-
face of the steam bubble during growth at the orifice
and rising in water, respectively. When the bubble
leaves the probe, it is surrounded by water for some
time before the consecutive bubble hits the measuring
junction. In this way the temperature difference can
be determined between the steam bubbles and the
water. Phase change occurs at 20-75 Hz depending on
the frequency of bubble formation.

RESULTS OF EXPERIMENTS

The majority of experiments have been performed
at system pressures of 40, 80, 120 and 160at. Three
steam superheats (100, 150 and 200K) have been in-
vestigated. The flow rate of superheated steam is varied
so that a zone is covered beginning with steady-state
single bubble formation in the dynamic range then
transition to non-steady-state aeration until bubble
chains are formed. The orifice diameter of cylindrical
single orifices is varied in three steps, d = 1.5mm,
d = 2mm and d = 3mm, while the height of the orifice
has a constant value of 4mm.

At a distance of about 2mm from the orifice inlet
the steam temperature in the antechamber is measured
by a sheathed thermocouple of 0.25mm OD. Related
to this measuring point the three superheatings of
steam are set at 100, 150 and 200K. The temperature
of live steam T, entering the bubble and the tempera-
ture of the detaching bubbles, T4, are measured with
the needle-shaped thermocouple and in most of the
experiments the bubble temperatures are measured at
a distance of about 5 and 10mm, in some experiments
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FiG. 2. Temperature measurement of the detaching bubble.

also of about 40mm from the orifice plate. Figure 2
shows the place of installation of the thermocouple
at which the temperature Ty, of the detaching bubble
is determined.

The thermocouple is shifted laterally so that the
average temperature of the bubble and not the tem-
perature of the entering live steam is measured.

The measuring values are recorded synchronously
with film exposure. The position of the measuring place
related to the orifice plate can be seen from the films.
Depending on the sequence of bubbles, the superheat
temperatures of 80-200 different bubbles are measured
for each series of experiments and the average super-
heat temperature is determined from these values.

Figure 3 shows such superheat temperatures plotted
versus the mass flow rate through a 3mm dia. orifice.
The steam superheats are related to superheating in
the antechamber, i. to live steam superheat. The dis-
continuous plots, these are the three upper plots, show
the normalized superheat of steam entering the bubble.
The lower plots show the normalized superheat of
bubbles at the moment of detachment. The system
pressures are the parameters. Considerable cooling of
the live steam can be found while it flows through
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the orifice at low mass flow rates. Nearly independent
of the temperature of the steam entering the bubble
almost the same degree of heat removal is attained
during bubble formation. While in the range of steady-
state aeration the temperature is reduced by more than
60%, at the time of bubble detachment, less than 40°%
of the supplied energy is transferred during bubble
formation when turbulent aeration has started (defi-
nition of ranges cf. Part I).

Figure 4 is a plot of superheat temperatures of
bubbles versus the path covered while they ascend
through the water. This diagram makes clear the high
significance of heat transfer during bubble formation.
At the value h = 3mm on the abscissa the temperature
of the detaching bubble is marked. If the measuring
point lies about 6 mm above the orifice plate, the initial
temperature difference has already been reduced to a
high degree. The steam flowing into the bubble through
the orifice causes a strong inner turbulence of the
bubble. This turbulence has been almost eliminated
after some 10mm of bubble ascent path. It is preserved
up to this point by strong bubble movement due to
the detachment. By reaching a regular steady-state
bubble rising a considerable deceleration in tempera-
ture reduction can be observed.

EVALUATION

When superheated steam flows into water having
the temperature of saturation superheated bubbles are
formed. Bubble growth is given by the feed of super-
heated steam through the orifice. This phase continues
until detachment takes place. Due to the temperature
gradient existing between the superheated steam and
the saturated water, heat is transported to the interface.
Since the water is at saturation temperature, it evap-
orates into the bubble at the phase boundary. The
resistance to the heat transfer occurs only in the steam
phase.

The calculation of heat-transfer coefficients during
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F1G. 3. Dimensionless steam superheat.
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FI1G. 4. Bubble temperature during ascent.

bubble formation at orifices is based on the following
assumptions:
(1) In the interior of the bubble exists the tempera-
ture T(¢) spatial constant but variable with time.
(2) The existing temperature gradient between the
steam and water is reduced within a boundary
layer on the steam side.
(3) The water is at saturation temperature.

|nterface

m

F1G. 5. Temperature development within the bubble
(schematic).

The condition that phase transition is an isothermal
isobaric process implies that the specific free enthalpy g
in both phases takes the same value near the interface.

dg' = —s'dT+v'dp=dg’ = —s"dT+v"dp. (1)

The Clausius—Clapeyron equation follows from re-
lation (1) with s" —s" = r/T":
d -5 r
dT v'—v T —v)
According to Laplace the pressure in the bubble is

higher than in the surrounding water by the action
of surface tension force:

@

20
Ap, = —E 3)

Furthermore, according to Lord Kelvin, the vapor

pressure of the curved surface is smaller than the
saturation pressure of the plane surface.

Ap2 =0 (4

R p—p )
The summation of these two partial pressures Ap; + Ap,
yields the necessary augmentation in vapor pressure
Ap which is needed for the existence of the bubble:

=20 B
p—p
Introducing equation (5} in equation (2) yields the
temperature augmentation of water which is necessary
to enhance the steam pressure:
ar=T@=N20 o ©)
r R p'—p”
In these investigations the water superheats required
to obtain the equilibrium of phases are in the order
of 107*K.

During aeration through orifices large-volume
bubbles are formed for which the influence of bound-
ary surface tensions and boundary surface curvatures
is of secondary importance so that the assumptions
made under (2) and (3) are admissible.

So, an average heat-transfer coefficient during
bubble formation can be formed by equating the heat
flux towards the interface with the reduction in steam
enthalpy of the supplied live steam into the bubble.

Steam superheating is the cause of heat transfer
between the bubble and the surrounding water. Thus,
the temperature difference between the steam tempera-
ture T and the constant water temperature T  gets
steadily smaller during bubble formation (cf. Fig. 4).
This leads to the schematic temperature development
shown in Fig. 6.

This representation is based on constant surface and
massflow rates. With the heat-transfer coefficient « the
heat flux to a surface element is obtained.

dgq = o(T—T')dO. %)
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F1G. 6. Temperature curve in a growing bubble,
The change of temperature of the bubble during its
formation is given by:
dg = ~nic,dT. 8

By equating and solving for the temperatures the
following expression is obtained with the integration
constant (To — T7) as the initial temperature difference:

By eliminating g we have the average heat-transfer
coefficient during bubble formation at orifices:
e,

=l
o = - .
0 Tu-T

The heat-transfer coefficient indicated in equation {13)
contains a bubble surface O averaged over the time
of formation and the logarithm of the quotient of the
temperature gradient between the steam and the water
at the beginning and at the end of bubble formation.
It must be considered as a coefficient for the heat flux
from the bubble to the interface. This heat flux causes
the water to evaporate into the bubble and the steam
to rise to the level of temperature corresponding to
the bubble.

The coefficient of transfer so defined has been plotted
in Fig. 7 vs the Reynolds number.

(13)
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Fi1G. 7. Heat-transfer coeflicient,

This yields for the temperature difference during bubble
formation:

(Tp=T") = (Tp— T") e~ 0, Ba)

After introduction of equation {9) in (7) and integration
over the surface we obtain:
q = e, [(To—T')~ (T~ T)].

After transformation of (9a) into

(16 To -T

= h‘l ——

mcy T,“, ~T
and introductioh of this expression into equation (10}
the heat flux becomes:
o (=T —{Tu—T)
Ty—T
Tp— T
The reduction in enthalpy of the live steam flow
supplied to the bubble is

(10)

{1y

g=ua

In

g = ric(To— Tyy). {12

to the system pressure and the steam temperature at
the orifice outlet. The orifice diameter has been intro-
duced as the characteristic length. Parameters are the
orifice diameter and the system pressure.

An increase in the system pressure from 40 to 120at
results in higher heat-transfer coefficients, which can
be explained in the following way:

The heat of evaporation decreases with increasing
system pressure. Less energy must be supplied to the
water to allow its change into the vapor phase. So,
more water can be evaporated for a given heat resist-
ance and time interval. At the same time, the kinematic
viscosity v decreases. This reduces the thickness of the
boundary layer which represents the barrier for the
heat transfer. Since the heat conduction / increases with
the pressure, this leads to an increase in the heat-
transfer coefficients; the evaporated water gains faster
the average bubble temperature.

On the other hand, a change in the superheat
temperature of the live steam has no significant in-
fluence on the heat transfer at constant system pressure.
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F1G. 8. Dimensionless heat-transfer coefficient.

With increasing steam temperature both the heat con-
duction and the viscosity increase. Higher viscosity,
however, leads to a growth in the thickness of the
boundary layer so that the influence of the improved
heat conduction is eliminated. The heat-transfer coef-
ficients increase with the mass flow rate through the
orifice. At Re ~ 1300 the transition from steady-state
to non-steady-state aeration is observed at the system
pressures under consideration. In the non-steady-state
range the coefficient of transfer grows but very slowly
which leads to the conclusion that the turbulence
within the bubbles cannot be substantially enhanced.

Furthermore, the tendency can be observed that
smaller orifices with small bubble volumes generated
in short periods of formation are marked by higher
heat-transfer coefficients.

By considerations based on mechanics of similarity
a generalization of the experimental results is
attempted. As a result of dimensional analysis a dimen-
sion matrix is obtained which yields non-dimensional-
ized characteristics.

By appropriate combination of these characteristics
the Stanton number is obtained which allows uniform
representation of measuring results.

In Fig. 8 the Stanton number has been piotted vs
the Reynolds number for orifices of 1.5, 2, 3mm dia.
The Stanton number has been established according
to the following relation:

_Nu_abd

St=—=—.
Pe  mc,

(14)
Accordingly, the heat-transfer coefficient is represented
as the ratio of the Nusselt number to the Péclet
number and thus as the ratio of the heat flux due to
heat transfer to the enthalpy flow rate related to mass.
The decrease in the Stanton number with increasing
Re-number implies that the greater enthalpy flow rate
supplied which is associated with an increase in mass
flow rate cannot be reduced by greater heat transfer.
Consequently, the temperature of bubble detachment
increases with the flow rate through the orifice. While

the data of the 1.5mm dia. orifice are slightly higher
than the data of the 2mm dia. orifice, the distance
from the 3mm dia. orifice becomes quite substantial;
the Stanton numbers are lower by about 30%. For
small orifices small bubbles are observed at the same
mass flow rate, which are characterized by a higher
frequency of formation than at large orifices. The
bubbles grow faster which causes an improvement of
heat transfer.

The following relation obtained from the represen-
tation of results is derived for the heat-transfer coef-
ficient «:

o= B2 RM.

bd (13

With the values for the exponent M = —0.766 and for
the ordinate sections B

d(mm) B
1.5 12
2 11
3 8

Using these values the heat-transfer coefficients
measured in the pressure and temperature ranges
under consideration can be reproduced within devi-
ations of 15% for some measurements within 20%,.

To obtain these results the following parameters are
varied.

Orifice diameter: d = 1.5; 2; 3; (mm), cylindrical

Mass flow rate: m = 2 to 20 (g/min)

System pressure: p = 40; 80; 120 (at)

Superheat temperature: Ty, — T = 100; 150; 200 (K).

The following is a summary of experimental datas
performed with the 3 mm dia. orifice in other ranges of
system pressures. The measured results of these experi-
ments are compared with the values obtained by
introduction of the respective measured values in the
formulae derived in the parameter study.
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a Ar

4 m ( w ( w A
(at) (g/min) em?K cm? K (%)

15.1 1.10 0.0526 0.0659 —253
149 498 0.364 0.409 —11
160.2 1.765 0.748 0.442 41
159.5 1.765 0.403 0,336 9.1
161 5.27 0.548 0.461 15.8

The results allowing indications on the heat-transfer
coefficients show that an extrapolation to higher system
pressures seems to be justified. Also for system pressures
p < 40at the expression indicated seems to be appli-
cable to the transfer coefficient.

SUMMARY

The results first obtained in this study for the heat-
transfer coefficient between superheated steam and
saturated water during bubble formation at the orifices
with high system pressures range from o« = 0.05 to
0.75(W/cm? K). The heat-transfer coefficients must be
regarded as proportionality factors for the heat flux
which causes the evaporation of water at the bubble
boundary and heating up of the evaporated water to
the average bubble temperature. A useful dimension-
less characteristic is the Stanton number which
represents the ratio of the transferred amount of heat
to the enthalpy flow due to forced convection. The
heat-transfer coefficients grow with increasing system
pressure, with decreasing orifice diameter and to a
less extent with the superheated steam mass flow rate.
Thus, the following attributions can be made: high
transfer coefficients for small orifices and high system
pressures, respectively, low transfer coefficients for large
orifices and low system pressures, respectively.

Grassmann and Wyss [3] propose integral heat-
transfer coefficients for water and steam at atmospheric
pressure, i.e. values averaged over bubble formation

and ascent. At a maximum temperature difference of
80 K between superheated steam and saturated water -
values between 0.02 and 0.05(W/cm? K) are measured.
The orifice diameter is 1.2 mm in this case.

In this paper the minimum numerical value was de-
termined for the transfer coefficient o = 0.05(W/cm? K)
at a large orifice (d = 3mm) and low system pressure
(p = 15at). Comparing these influences which are
caused by different orifice diameters, system pressures,
and measuring methods, a connection between the two
different measurements seems to be possible.

For slightly superheated and subcooled water and
saturated steam, respectively, Grassmann and Wyss [3]
determined transition coeflicients between o = 7.5 and
11.5(W/cm? K), respectively.

At high system pressures heat-transfer coefficients of
0.75(W/cm? K) on the steam side were measured in
this work.

A comparison shows that despite the considerable
increase in heat transfer with increasing system pressure
and heat resistance on the steam side the transfer of
heat is better by roughly one order of magnitude in
case of heat resistance on the water side.
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FORMATION DES BULLES ET TRANSFERT THERMIQUE PENDANT LA
DISPERSION DE LA VAPEUR SURCHAUFFEE DANS L’EAU SATURANTE.
2EME PARTIE: TRANSFERT THERMIQUE ENTRE LES BULLES DE
VAPEUR SURCHAUFFEE ET L’EAU SATURANTE DURANT
LA FORMATION DE LA BULLE

Résumé—Dans les évaporateurs, caractérisés par Iintroduction de la vapeur surchauffée dans I'eau a
évaporer, la vapeur est distribuée par une plaque perforée. La vapeur est introduite dans I'ean a travers
une multitude de trous cylindriques. En vue de la construction optimale de tels évaporateurs le
parcours minimal de transfert thermique pendant lequel la bulle perd sa surchauffe est trés important.
Le transport d’énergie pendant la formation de la bulle peut devenir significatif dans le transport total
d’énergie. La premiére partie du rapport concernait la formation des bulles de vapeur, leur taille, leur
forme et leur fréquence pour des pressions et des températures élevées. Cette partie du travail décrit le
transfert thermique durant le formation des bulles. Dans le domaine de pression considéré entre 15 et
160 bar on mesure une décroissance de la température de surchauffe de 40-60%, pendant la formation
de la bulle. Les coefficients moyens de transfert-varient entre 0,05 et 0,75 W/em? K. Le transfert thermique
est exprimé par le nombre de Stanton qui est fonction du nombre de Reynolds.
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BLASENBILDUNG UND WARMEUBERTRAGUNG BEIM EINBRINGEN
VON HEISSDAMPF IN WASSER VON SATTIGUNGSTEMPERATUR—II
WARMEUBERTRAGUNG VON HEISSDAMPFBLASEN AN GESATTIGTES
WASSER WAHREND DER BLASENBILDUNG

Zusammenfassung — Bei Mischverdampfern, die gekennzeichnet sind durch das Einfiihren von tberhitztern
Dampf in zu verdampfendes Wasser, erfolgt die Dampiverteilung {iber sog. Siebboden. Durch eine
Vielzahl zylindrischer Bohrungen wird der Dampf in das Wasser eingebracht. Fiir die optimale Auslegung
solcher Verdampfer ist die minimale Strecke der Wirmetibertragung von Interesse, die die Heissdampf-
blasen bis zu ihrer Enthitzung zuriicklegen. Dabei kann der Energietransport wihrend der Blasenbildung
wegen seiner Grdsse signifikant fiir den Gesamttransport werden.

Im Teil 1 wurde {iber die Bildung von Heissdampfblasen, deren Grosse, Form und Bildungsfrequenz
bei hohen Systemdriicken und Systemtemperaturen berichtet.

Gegenstand des vorliegenden Teils 2 ist die Angabe der Wérmeiibertragung wihrend der Periode der
Blasenbildung.

In dem experimentell betrachteten Systemdruckbereich von p = 15-160at wird wahrend der Blasen-
bildung eine Abnahme der Uberhitzungstemperatur von 40 bis 60% gemessen. Die mittleren Wirme-
iibergangszahlen liegen dabei zwischen 0,05 und 0,75 W/cm? K. Die Wirmeiibertragung wird durch eine

Beziehung Stantonzahl als Funktion der Reynoldszahl angegeben.

OBPA30BAHVE ITY3bIPLKOB U MPOLIECC NNEPEHOCA TEIUJIA [1PU

JQUCTIEPCUM TIEPETPETOIO TMAPA B HACBIIIEHHONM BOJIE. YACTb 2.

ITEPEHOC TEIUJIA OT OBPA3SYVIOIMUXCA ITV3BIPLKOB ITEPEIPETOTO
TTAPA K HACBHIHEHHOW BOJIE

Amsoranns — B BuinapHBIX anmapartax, NPHHELHNT paGoTel KOTOPBIX OCHOBAH Ha BBOIE NEPErpeToro
f1apa B HCHApAEMYIO BOAY, Hap DacHpedeNseTCs IO Tak HA3BIBAEMBIM COIJIOBBIM CErMEHTaM H
I0AAETCH 4epe3 MHOXKECTBO LINMHAPUMECKHX OoTBepcTii. [l pacyeTa ONTHMANBHON KOHCTPYKUMH
TAKHMX alllapaToB HeOBX0OMMO ONPEAE/IATH MUHHMABHYIO JIJIHHY YYACTKA, HA KOTOPOM IIPOMCXOMHT
OTlava My3bIPbKAMH TEILIOTH Heperpesa. UTo xacaeTcs BEMHYBHBI TEMIOBOrO MOTOKA, TO CYLUECT-
BeHHOEe BIHAHHE HA Hee MOXET OKa3hipaTh MEPEHOC TEN/A B MOMEHT 3apOXIEHHs Iy3blpbkoB. B
nepBo YacTu paGoTHl PacCMAaTpUBaIKCh 0OPa30BaHME My3bIPLKOB NIEPErpeTOre napa, ux nuaMerp,
¢dopMa H yacToTa 06PA30BAHUS NIPH BHICOKOM JaBJICHHHM H TEMIEpaType B cucTeMe. B manHo# vacTa
ONHCHIBACTCH APOLIECC NEPEHOCA TEIUIA B Neprol 06pa3oBaHus My3slpbkoB. B uccneayeMoM auana-
30He JaBieHKH B cHcTeMe oT 15 o 160 aT™ Temiiepatypa neperpesa 8o Bpemsi 06pa3oBaHus My3biphb-
XOB cHIKamachk or 40 10 60%. Cpennne k03bdULAEHTE! TennoobMena uaMeHsucey ot 0,05 noe 0,73
prjem? K. Ipouecc nepenoca Tema ONUCHIBAETCA YuCcIoM CTaHTOHA B GyHKUHA YHcIa PeitHonbica.



