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Abstract— Boiling site densities and heat-transfer coefficients have been measured for ethanol-water and
ethanol-benzene mixtures at 1.01 bar for a heated vertical brass disk. A strong effect of composition on the
boiling site density was observed, which was attributed to the nature of the activation of the boiling surface and
mass diffusion effects. The boiling heat-transfer coefficient was found to decrease with increasing subcooling,
but for the mixtures at a given level of subcooling the decrease was less than that for the single components and
azeotropic mixtures. The heat-transfer coefficient at a given heat flux was seen to be quite insensitive to the very
large increase in boiling site density in comparing the pure water and the ethanol-water azeotrope results,
leading one to question pool boiling models that predict heat-transfer rates on the basis of boiling site density.

1. INTRODUCTION

NUCLEATE pool boiling of liquid mixtures is distinct
from single component boiling in that their heat-
transfer coefficients can be considerably lower than
those of an equivalent pure fluid with the same physical
properties as the actual mixtures. Previous investi-
gators have attributed this reduction in heat transfer
performance to be caused by: (a) a rise in the local
boiling point due to preferential evaporation of the
more volatile component during bubble growth [ 1], (b)
a significant change in the mixture physical properties
with composition [2, 3], (c) the effect of composition on
nucleation [2, 4, 5, 6], and (d) the retardation of the
principle heat-transport mechanisms [7].

Physical intuition leads one to believe that the three
identifiable heat-transport mechanisms responsible for
the large boiling heat-transfer coefficients (bubble
microlayer evaporation, cyclicthermal boundary-layer
removal, and bubble-induced convection) are directly
linked to the number of active boiling sites on the
heated surface. Thus, the present study seeks to
determine the effects of composition and subcooling on
the boiling site density to investigate its contribution to
the degradation in the heat-transfer performance.
Consequently, heat-transfer coefficients and boiling
site densities were obtained simultaneously in the
experiments to be reported here.

Previous experimental work on boiling site density
in binary liquid mixtures was performed by Van Stralen
and is summarized in [8]. His tests covered several
aqueous systems. Only onestudyincluded dataforeach
of the constituent single component liquids to permit
the comparison with the one mixture composition
tested, 4.1 wt%, methyl ethyl ketone (MEK) in water.
The test section in that study was a 0.2 mm diameter
wire. At a heat flux of 300 kW m ™2 it was observed that
the number of active boiling sites cm ™ ? in pure water
was 30 and in MEK over 200, but for the 4.19, MEK
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mixture only one site was active. Hence, a substantial
effect of composition was evident.

The effect of subcooling on the nucleate pool boiling
curves of benzene-diphenyl mixtures has been
investigated by Sterman et al. {97, who used nitrogen
gas to obtain subcoolings up to 80 K. They found that
the mixture heat-transfer coefficients based on a wall
superheat calculated using the bulk liquid temperature
(note that some researchers use the bulk saturation
temperature instead) decreased with increased sub-
cooling, as occurs in single component boiling. The
mixture heat-transfer coefficients were observed to
decrease with subcooling less than those of the two
single components.

2. EXPERIMENTAL APPARATUS
AND METHODS

Pool boiling facility

A schematic diagram of the boiling rig is shown in
Fig. 1. The insulated pressure vessel is a stainless-steel
cross with flanged ends. To maintain the desired
temperature and pressure inside the vessel, a
proportional-type temperature controller connected to
an immersion heater and a water-cooled condenser are
used. In cases where the bulk test liquid is maintained in
a subcooled state, nitrogen gas is fed into the vessel
using a pressure regulator so that the system pressure is
maintained at 1.01 +0.02 bar, the pressure at which all
experiments were run.

The test section is mounted vertically facing a sight
glass window for photographic purposes. Heat is
provided by a specially designed electrical resistance
heater attached firmly to the back side of the 1.0 inch
(25.4 mm) diameter brass test surface. The test surface
was prepared before each experimental run by rubbing
with a fine emery paper {silicon carbide 320) and then
finished with crocus paper. A portion of the outer part
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N/A boiling site density [sites cm ™ %]
q heat flux [kW m 2]

T - saturation temperature [°C]
AT  wall superheat [K]

AT,,, subcooling [K]

X liquid mole fraction

y vapor mole fraction.

Greek symbols
o heat-transfer coefficient [kW m ™2 K™ ']

NOMENCLATURE

oy ideal heat-transfer coefficient
[(kWm~2K™ 1]
A0 rise in local boiling point [K].
Subscripts
az azeotrope
b bulk

eth  ethanol.

8

F1G. 1. Nucleate poo} boiling rig. (1) Stainless-steel insulated

vessel ; (2) test surface and thermocouples; (3) electric heater;

(4) bulk: liquid thermocouple; (5) temperature controller

thermocouple ; (6) immersion heater; (7) sight glass window ;

(8) liquid fill line; (9) condenser; (10) valve to vacuum

pump/atmosphere/gas bottle ; (11) pressure gauge ; (12) safety
relief valve.

of the test section was made very thin (0.4 mm) to
minimize the conductive heat losses in the radial
direction. A circle of 19.1 mm diameter was lightly
inscribed at the center of the test surface for use in
determining the boiling site density.

The test surface temperature was obtained by linear
extrapolation of the temperatures measured by the two
thermocouples located closest to the surface (Fig. 1).
Copper—constantan thermocouple wires were used to
form the thermocouple junctions. The bulk liquid
temperature was measured using another thermo-
couple placed at the same height as the test section, as

also depicted in Fig. 1. A digital thermocouple readout
device was used for the temperature measurements and
the thermocouple readings were periodically checked
for agreement when no heat flux was applied to the test
surface. The electrical power dissipated was determined
by measuring the DC current and voltage applied by a
Hewlett—Packard power supply to the resistance
heater. The voltage was measured with local sensing
leads and a digital multimeter. The DC current was
monitored across a precision 0.001 + 1%, Q shunt. The
heat flux passing through the 1.0 inch (254 mm)
diameter test surface was corrected for heat conducted
out through the thin fin. The error in the heat flux so
determined was estimated to be about + 59 while the
error in the wall superheat is +0.3 K.

Test liquids

Ethanol-water and ethanol-benzene mixtures were
chosen for the present test fluids. Ethanol-water
mixtures have a large variation in surface tension and
contact angle with composition, so that a significant
effect of composition on boiling site density was
anticipated. On the contrary, the physical properties of
ethanol-benzene mixtures do not change dramatically
and hence only a slight effect on boiling side density was
expected.

Double-distilled water and reagent grades of ethanol
and benzene were used to prepare the test liquids. The
liquid mixtures were prepared on a weight basis
corresponding to the mole fraction desired. The liquid
mixture thus obtained had an accuracy of +0.015 mole
fraction. The liquid composition was also checked by
measuring its density after the experimental run.

Photographic method

A Canon A-1 camera with motordrive and a
photographic lamp were used to obtain still
photographs of the boiling test surface through the
sight glass window. Three photographs were obtained
for each set of experimental conditions, i.e. mixture
composition, heat flux and subcooling.

For each active boiling site on the heated surface the
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boilingcycle can be divided into the bubble growth time
and the waiting time. Since the vapor nucleus is too
small to be seen in the photograph during the waiting
time, a counting of the boiling site density from any
single photograph would underestimate the actual
number of sites. Therefore, three separate photographs
were taken at different instants of time and the
following scheme was used to reduce this error in the
counting procedure.

During the counting of each photograph a piece of
paper is placed directly underneath it. The counting is
done by punching a tiny hole in the center of the bubble.
Thus the location of a bubble attached to the surface is
also recorded on this piece of paper. This procedure is
repeated for the two other photographs, being careful
to align the paper properly. The number of active
boiling sites within the inscribed circle is then obtained
by counting the holes in the paper. The accuracy of this
method, whichis estimated to be about +20%, includes
an error estimate associated with borderline cases in
which it is not clear whether or not the bubble is
attached to the surface.

Experimental procedures

After introducing the test liquid into the vessel and
bringing it to the boiling point, the liquid is degassed by
opening a vent to the atmosphere. Then the power to
the resistance heater is turned on and gradually
increased to a heat flux‘of about 150 kW m ~ 2, at which
level vigorous boiling occurs on the test surface. The
power is then lowered successively to the six heat fluxes
tested and the appropriate data and photographs are

obtained when steady-state conditions are reached
under each condition. The liquid temperature is then
lowered SK to the next level of subcooling while
nitrogen gas is injected to maintain the pressure at 1.01
bar. The heat fluxis again raised to 150 kW m ™2 and the
same procedure is followed until all subcoolings have
been achieved.

A more detailed discussion of the experimental
apparatus and experimental methods are given in Hui

[10].

3. BOILING SITE DENSITY RESULTS

Ethanol-water mixtures

Measurements of boiling site densities were made at
six heat flux levels ranging from 14 to 97 kW m ™~ 2 and
subcoolings of 0 to 20 K. Boiling site densities were not
attainable in all cases due to too much interaction
between bubbles, preventing accurately distinguishing
among individual bubbles.

Figure 2 shows an example of the boiling surface
photographed for a 0.15 mole fraction of ethanol in
water at a heat flux of 97 kW m ™~ 2, a wall superheat of
294K, and 10K of subcooling.

Figure 3 depicts the results for boiling site density ata
constant heat flux of 97 kW m ™2, The values range from
about 10sites cm ™ 2 for pure water up to 400 sitescm ™2
at the azeotrope composition, with the values
increasing rapidly as the mole fraction passes 0.5. At
saturation conditions the boiling site density was
always found to be too high to distinguish individual
bubbles. As the subcooling rose, the bubbles attached

F1G. 2. Photograph of heated surface showing boiling of an ethanol-water mixture (%, =0.15; ¢ =
97kWm %, AT = 294 K, AT, = 10.0K).
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Fi1G. 3. Boiling site density for ethanol-water mixtures at 97
kW m~2 and various subcoolings.

to the surface become more visible. The site density
values are observed to be much less than expected by a
simple linear molar interpolation between the water
and azeotrope values and are consistent with the Van
Stralen results for water-MEK mixture.

The effect of subcooling on the boiling site density is
demonstrated in Fig. 4 for a mixture with a mole
fraction of 0.60. The site density (N/A) is seen to
decrease monotonically as the subcooling increases at

64
F Heat fiux
A 97 kW m2
56— & 75kWw m2
X 55 kW m~2
+ 38 kW m~2
48 - 4246 kW m=2
« 14 kW m™2
«
| 40 -
£
(8
v
£
w32
<
~
£
24 |-
*
v X
16
e
X
8 __\+ \x/-x
L] +
\g—-&f I 1
0 4 8 12 16 20
AT, (KD

F1G. 4. Boiling site density as a function of subcooling at
various heat fluxes for £, = 0.60.
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Fi1G. S. Boiling site density as a function of subcooling at
various heat fluxes for X, = 0.29.

all heat flux levels. Some mixtures also exhibited a
maximum in the N/A value with respect to subcooling
as shown in Fig. 5 for a 0.29 mole fraction mixture.
Figure 6 shows the variation in boiling site density with
heat flux for a 0.80 mole fraction mixture.

Ethanol-benzene mixtures

A typical photograph of the boiling in an ethanol-
benzene mixtureis shownin Fig. 7. The test liquid is 0.30
mole fraction ethanol. The heat flux is 55 kW m™?2,
while the wall superheatis 17.8 K and subcooling of 5K
exists. Figure 8 depicts the boiling site density data
obtained at 97 kW m ~ 2. A minimum occurs to the right
ofthe azeotrope while a maximum is observed to the left
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F1G.6. Variationin boiling site density with heat flux at various
subcoolings for X, = 0.80.
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FiG. 7. Photograph of the heated surface showing boiling of an ethanol-benzene mixture (X, = 0.30; 4 =
55kWm~2; AT = 178 K; AT,,, = 5.0 K).

atsubcoolings of 15 and 20 K. By contrast, at a heat flux
of 55 kW m ™2, the maximum for these subcoolings has
shifted to the azeotrope composition as observed in Fig.
9. At the 10 K subcooling level, the maximum has
shifted to a mole fraction of 0.30 ethanol.

Figure 10 shows the boiling site density plotted vs
subcooling for an 0.80 mole fraction ethanol mixture.
At low heat fluxes little change is seen to occur but at
97kW m ~ 2 ashallow minimum is observed. The varia-
tion of boiling site density with heat flux is depicted in
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Fi1G. 8. Boiling site density for ethanol-benzene mixtures at 97

kW m~? and various subcoolings.

Fig. 11 for a 0.45 mole fraction mixture, i.c. the azeo-
trope. The trend is similar to Fig,. 6.

4. HEAT TRANSFER

Ethanol-water mixtures

The effects of composition and subcooling on the
heat-transfer coefficient are shown in Figs. 12and 13. A
very profound minimum in the heat-transfer coefficient
is evident at saturation conditions but becomes very
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F1G. 9. Boiling site density for ethanol-benzene mixtures at 55
kW m ™~ ? and various subcoolings.
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FiG. 10. Boiling site density as a function of subcooling at
various heat fluxes for %,,, = 0.80.

shallow at a subcooling of 20 K. Figure 14 shows the
decrease in the heat-transfer coefficient at the various
heat flux levels with increasing subcooling for a 0.60
mole fraction mixture. The absolute drop in « is much
greater at the higher heat fluxes but the percentage
decreases from 0 to 20K subcooling are essentially the
same for all heat fluxes.

Ethanol-benzene mixtures

Figures 15 and 16 present the heat-transfer data at
two heat fluxes. The minimum in the heat-transfer
coefficient at either side of the azeotrope becomes less
profound with increasing subcooling which is similar to
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F1c. 11, Variation in boiling site density with heat flux at
various subcoolings for X, =045, the azeotrope
composition.
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FiG. 12. Boiling heat-transfer coefficient as a function of
composition for ethanol-water mixtures at 97 kW m™* and
various subcoolings.

the ethanol-water results. For a 0.80 mole fraction
mixture, the effect of subcooling is shown in Fig. 17.

5. DISCUSSION

The large rise in the boiling site density shown in Fig.
3 for mole fractions greater than 0.5 is explainable by
the two different modes of activation of the boiling
surface. An increase in the wall superheat required to
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F16. 13. Boiling heat-transfer coefficient as a function of
composition for ethanol-water mixtures at 38 kW m™? and
various subcoolings.
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FIG. 4. Streamlines for Ra = 1000 with ¢ = 0.5.

fore = 0.5; Nuwasalso calculated for the case of a fixed
top. We have not been able to find values for Nu for the
fixed top in the literature, so we do not have anything to
compare our results with. In Figs. 2-5 streamlines and
isotherms are plotted for Ra equal to 200 and 1000 with
¢=05andy=1.

5. DISCUSSION

The study presented in this paper had two purposes.
The first one was to develop a numerical procedure for
solving such a highly nonlinear problem. The problem
is nonlinear in two different ways; the field equations
are coupled through the nonlinear convective terms in
the heat conduction equations, and in addition the
boundary conditions on the free surface are nonlinear.
The results we obtained indicate that the numerical
procedure works and is reasonably accurate. However,
we have not been able to find any other published
results to compare them with.

The second purpose of the study was to explore the
effects of the free surface. The results in Table 1 show
that the maximum depth of the saturated part of the
slab increases by 8% for Ra = 50 while for Ra = 1000
the increase is 3%, compared with the fixed top case. The

\
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FiG. 5. Isotherms for Ra = 1000 with & = 0.5.

conclusion we can draw from Table 2 is that the Nusselt
number is not really dependent on the free surface; at
least not at the accuracy with which these calculations
were carried out.
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LA SURFACE LIBRE SUR UN LIQUIDE QUI REMPLIT UNE COUCHE POREUSE
CHAUFFEE SUR SES COTES

Résumé—On calcule numériquement la position de la surface libre pour une couche poreuse qui est

partiellement remplie par un liquide et qui est chauffée de fagon différente sur ses cotés. Une transformation de

coordonnées est utilisée pour transformer le systéme physique du probléme original en un systéme non

orthogonal ot la surface libre devient une ligne droite fixe. Le probléme transformeé est alors résolu en utilisant

une méthode aux différences finies. Des résultats sont obtenus pour des nombres de Rayleigh allant jusqu’a
1000.
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the higher ethanol compositions the wall superheat is
relatively large and the activation of the first boiling site
appears to simultaneously activate the entire heated
surface. Thus, the usual nucleation criteria seems to
apply only to the first site and a different phenomenon
apparently is responsible for activation of the other
sites. It is speculated by the present authors that the
adjacent cavities may be filled with vapor as the dry
patches underneath the growing neighboring bubbles
pass over them. With the additional vapor, they now
havelarger radii and may nucleate. Also, the effect of the
suction created by the departure wake of the first large,
rapidly growing bubble is perhaps sufficient to locally
superheat the microlayer due to the locally decreased
pressure (like the decompression of a chamber with a
moving piston), causing the vapor nuclei to activateasa
result of the larger superheat thus produced.

The question then arises as to why the 0.60 mole
fraction mixture has a much smaller boiling site density
than the azeotropic mixture when both were activated
by the same process. This is probably due to mass
diffusion effects. Consider that with the rapid
generation of vapor at the surface, the local boiling
point rises due to the preferential evaporation of the
more volatile component (see Fig. 18). Hence, the vapor
nucleus left behind by a departing bubble has a
composition of y rather than j,. The incoming bulk
liquid has a composition of %, which means the vapor
nucleus is supersaturated with respect to the less
volatile component (water). Since mass diffusion in the
vapor phase is much more rapid than in the liquid
phase, this component tends to condense out to achieve
phase equilibrium. This decreases the radius of the
vapor nucleus and may cause deactivation of the
boiling site (a process similar to subcooling a pure
fluid). This effect becomes more important as (§, — Xy)
increases. The minimum to the right of the azeotrope
for ethanol-benzene mixtures shown in Figs. 8 and 9
may also be explained by the foregoing rationale.

Itis generally thought that contact angle and surface
tension play a strong role in determining the boiling site
density. The ethanol-water system has a significant
variation in these properties while ethanol-benzene
does not. Hence, their effects do not seem to be clear
here since both systems display large minima in N/A.

100

Xefh

F1G. 18. Phase equilibrium diagram for ethanol-water at 1.01
bar showing the rise in the local boiling point, Af.
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For ethanol-benzene compositions to the left of the
azeotrope the trend in the boiling site density is not
consistent and suggests another undertermined factor
is affecting the boiling site density. The maxima in N/A
at 0.30 mole fraction ethanol at subcoolings of 15 and
20K at97kW m~2in Fig. 8 are shifted to the azeotrope
in Fig. 9 at 55 kW m™~ 2. At an even lower heat flux of
24 kW m~? (not shown), minima are observed at
subcoolings of 10, 15 and 20K. Consequently, the
activation and deactivation process seems to be more
complex than as briefly outlined above.

The effect of subcooling on the degradiation in the
heat-transfer coefficient is illustrated in Figs. 19 and 20.
The actual heat-transfer coefficient « is non-
dimensionalized with an idealized heat-transfer
coefficient ¢; obtained from a linear interpolation from
the single component value to the azeotropic value at
the particular subcooling. In general, the data show
that as the subcooling increases, the minimum in o/
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becomes less profound. This can be explained as
follows. First, the portion of the energy transfer by
single-phase natural convection becomes more
significant as the degree of subcooling increases. Also,
the vapor bubbles begin to condense at or near the
heated wall as the subcooling increases. The rise in the
local saturation temperature due to the stripping of
the more volatile component from the liquid is less at
higher subcoolings because the excess of the more
volatile component in the vapor bubble is reintroduced
into the liquid phase nearer the wall. Consequently,
there is less reduction in the heat-transfer coefficient due
to mass diffusion effects as the level of subcooling rises.

The idea that successful understanding of the boiling
site density will lead to an accurate pool boiling model
and heat-transfer equation, asintoned by the Mikic and
Rohsenow correlation [12] and the Thome [13]
mixture boiling model (which are based on the cyclic
thermal boundary-layer stripping mechanism at an
individual boiling site and the boiling site density),
appears much less tenable in light of the present data.
The heat-transfer coefficient is actually rather
insensitive to the very large increase in N/A in going
from pure water to the ethanol-water azeotrope. For
example, at a heat flux of 97 kW m ~2 and a subcooling
of 15K for ethanol-water mixtures, o increases only by
about 40% while N/A increases by about 4000%! The
effect of increased boiling side density has to cause
thermal interference between neighboring bubbles,
such that each individual bubble becomes less efficient
as a transporter of heat. It should also be noted that for
ethanol-water mixtures the actual boiling site density
can be as little as about one-tenth of the ideal boiling
site density but the actual heat-transfer coefficient is
only reduced to about two-thirds the ideal value. Thus,
the basic philosophy that a better understanding of the
surface effects on nucleate pool boiling processes, i.e.
nucleation and site density, will lead to improved
predictive methods for heat-transfer coefficients is
actually rather tenuous without much more precise
understanding of the heat-transport mechanisms
themselves.

6. CONCLUSIONS

(1) Boiling site densities and heat-transfer coefficients
have been measured as a function of composition,
subcooling, and heat flux for ethanol-water and
ethanol-benzene mixtures.

(2) For ethanol-water and for compositions of
ethanol-benzene to the right of the azeotrope, the
boiling site densities were much smaller than those
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expected from a simple linear interpolation between the
single component and azeotrope values.

(3) The nature of the activation of the boiling surface
and mass diffusion effects on nucleation were proposed
as the primary phenomena influencing the decrease in
the boiling site density.

(4) While the effect of subcooling on mixture boiling
was to decrease the heat-transfer coefficient, the
reduction relative to the ideal boiling heat-transfer
coefficient was less as the level of subcooling increased.
Also, the reduction was less for the mixtures than those
for the single components and the azeotropic
composition mixtures.

(5) The heat-transfer coefficient at a given heat flux
level is seen to be quite insensitive to the very large
increase in boiling site density in comparing the pure
water and the ethanol-water azeotrope mixture results.
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ETUDE DE L’EBULLITION D’'UN MELANGE BINAIRE: DENSITE DE SITES
D’EBULLITION ET TRANSFERT THERMIQUE EN SOUS-REFROIDISSEMENT

Résumé— Des densités de sites d’ébullition et des coefficients de transfert ont été mesurés pour des mélanges
éthanol-eau et éthanol-benzene a 1,01 bar pour un disque chauffé vertical en laiton. On observe un grand effet
dela composition surla densité de sites d’ébullition, lequel est attribué a la nature de ’activation dela surface et
aux effets de diffusion massique. Le coefficient de transfert thermique décroit quand le sous-refroidissement
augmente, mais pour les mélanges a un niveau donné de sous-refroidissement, la décroissance est moindre que
pour les composants seuls et les mélanges azeotropiques. Le coefficient de transfert thermique a un flux donné
est pratiquement insensible & un trés grand accroissement de la densité de sites d’ébullition en comparaison de
'eau pure et des résultats de 'azéotrope éthanol—eau; on est conduit a mettre en question les modéles qui
prédisent des flux de transfert de chaleur sur la base de la densité de sites d’ébullition.

UNTERSUCHUNG UBER DAS SIEDEN BINARER GEMISCHE : KEIMSTELLENDICHTE UND
WARMEUBERGANG BEI UNTERKUHLUNG

Zusammenfassung—An einer beheizten vertikalen Messingplatte wurden Keimstellendichte und
Wirmeiibergangskoeffizienten fiir die Gemische Athanol-Wasser und Athanol-Benzol bei einem Druck von
1,01 bar gemessen. Es wurde ein grofier EinfluB der Gemischzusammensetzung auf die Keimstellendichte
beobachtet, der auf die Natur der Heizfldchenaktivierung und des Stoffdiffusioneffekts zuriickzufiihren ist.
Der Wirmeiibergangskoeffizient beim Sieden nimmt mit steigender Unterkiihlungab ; bei Gemischen st diese
Abnahme bei gleicher Unterkiihlung geringer als bei den reinen Komponenten oder bei azeotropen
Gemischen. Bei einer gegebenen Wiirmestromdichte reagierte der Warmeiibergangskoeffizient aufeine starke
Vermehrung der Keimstellendichte sehr unempfindlich, verglichen mit reinen Wasser oder azeotropen
Gemischen von Athanol und Wasser. Dies stellt Siedemodelie auf der Basis der Keimstellendichte in Frage.

UCCIEJOBAHUE KUITEHWUS BUMHAPHOW CMECH: IUTIOTHOCTH LUEHTPOB
OBPA30OBAHUA MY3bIPbKA W TEMNJIOOBMEH TP HEJJOT'PEBE

AnnoTamns—I110THOCTH HEHTPOB 0OPA30BaHMS My3bIPLKOB ¥ KOIPPUUMEHTHI TeN1006MEHA H3MEPEHBI
QIS cMecel 3TaHoI-Boda U 3TaHon-GeH3oun npu nasiennd 1,01 6ap n714 HarpeToro BepTHKAsIBLHO pacro-
JIOXEHHOr O NaTyHHOTO aucka. Habionanocs CHIbHOE BIIMsIHHE COCTABA CMECH HA TUIOTHOCTb LEHTPOB
006pa30BaHHs My3bIPLKOB, KOTOpOe O0OYC/IOBAEHO NPHPONOH AKTHBALMH KUNALICH TOBEPXHOCTH M
spdextom auddysun maceel. Haieno, uro xo3dbduunenT Tenaoo6MeHa npu KUIEHHN YMEHBIIAETCS C
yBENHYEHHEM HEJO0rpeBa, HO 1S CMeceil U 3a1aHHOM yPOBHE HEAOIPeBa YMEHbILUEHHE ObiI0 MeHblLe,
YeM [UIS OJMHOYHBIX KOMIIOHEHTOB MJIM a3€0TPONHBIX cMeceil. OBHAPYKEHO, YTO NPH 3aJaHHOM TeMo-
BOM MOTOKe KO3IDPHUMEHT TenmoobMeHa COBEPLIEHHO HEYYBCTBUTENCH K OYeHb CHIIBHOMY POCTY MJIOT-
HOCTHM UEHTPOB 0Opa3OBaHMA MYy3bIPbKOB MO CPABHEHHIO C PE3YJIbTATAMH, NOJIYHEHHbIMH B ONbITAX ¢
YUCTOW BOOOH W a3¢OTPOMHOM CMECBIO ITAHOJN-BOMA, YTO CTABHT MOJ COMHEHHE MOJETb KHMEHHS B
BosbIIOoM 00beMe, ¢ TOMOLIBIO KOTOPON PACCYUTHIBAETCS TETUIOOOMEH € y4€TOM IIOTHOCTEH LIEHTPOB
06pa3oBaHUs My3bIPbKOB.



