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Abstract—Spontaneous convective circulation arising during the unsteady state transfer of a solute across a
liquid-liquid interface was investigated experimentally for the possible effects of lateral temperature vari-
ations along the interface brought about by the enthalpy change accompanying the solute transfer. The
convective circulation was largely due to the Marangoni effect or surface-tension-driven flow. An additional
driving force due to an unstable density was present during some runs. In addition to a study of 78
different ternary systems, detailed studies were made of two of these, both containing water and ethyl
acetate as the partially miscible solvents. One system involved the tiansfer of acetic acid in the presence
of buoyancy-driven flow; the other involved the transfer of ethyl alcohol in a buoyancy stable system. A
motion picture camera with Schlieren illumination recorded the convective patterns crossing the junction of
a stationary micro-thermocouple located in the interface. Simultaneously. a fast-response, continuous
measurement of the temperature at that point was recorded. Temperature perturbations as large as 0-05°C
were common, and values up to 0-5°C occurred in some systems. These did not affect the interfacial tension
in a significant manner. The motion picture confirmed that no consistent correspondence existed between
the flow appearance and the temperature record. Thus the surface tension driving force must arise from
concentration perturbations per se and not from the temperature perturbations which are caused by the
heats of solution.

INTRODUCTION

DuURING the process of heat or mass transfer
in a two-phase system, certain fluid interfaces
are known to exhibit an interesting convective
phenomenon. The fluid in one or both of the
phases shows a spontaneous motion in an
often regular pattern of circulatory convection
-cells clustered along the interface. The circula-
tion renders inapplicable the usual two-film
model of diffusion across an interface. Instead. a
higher rate of transfer results, by as much as
triple the prediction based on pure diffusion.

Theoretical and experimental investigations
of such spontaneous convection are widespread
and date back to the late 1800’s. It was not
until the late 1950’s [1, 2], however. that the
flow was successfully shown to have two possible
mechanisms, the surface tension drive and the
buoyancy drive. This launched a series of
analyses and experimental investigations of the
surface-tension-driven convection. termed the

Marangoni effect. The most notable and univer-
sal analyses are due to Sternling and Scriven
[3-5] and Smith [6], and the most interesting
experimental investigation are the photographic
studies of Orell and Westwater [7-9]. An
excellent survey up to 1966 is given by Berg ef al.
[10]. and after 1966 by Heines [11].

Analysis of the phenomenon is complicated.
The cause of the spontaneous fluid circulation
may be either heat or mass transfer, and the
driving force may be either surface tension
variations in the interface or an unstable
density gradient in one or both of the bulk
phases. The interaction of these possibilities
and the effects of their combined presence make
the applicability of certain theoretical analyses
questionable in many cases.

One combination which has been investigated
by several authors is that of heat and mass
transfer together causing a buoyancy-driven
flow process. One of the first such analyses was
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by Chiang and Toor [12]. who solved the
problem for one spatial dimension, perpendicu-
lar to the interface. This was extended by
Cardner and Hellums [13] with the inclusion of
a moving interface. These were followed by
linear stability analyses [14, 15] and the use of
an energy theory {16]. The combination was
also given experimental study, using both
photography and measurement techniques |17~
21].

The combined driving forces of buoyancy and
surface tension gradients were analyzed by
Stuart {22], Nield [23], and Krzywoblocki
[24], and the relationship between the critical
Rayleigh and Marangoni numbers was shown
to be nearly linear in an analysis by Debler and
Wolf [25]. An experimental investigation of
these combined driving forces is offered by
Hoard, Robertson and Acrivos [26].

The one combination which has not been
investigated is that of heat and mass transfer
in a surface-tension-driven convection process.
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This is the area undertaken by the current
investigation, whose purposes were: (1) to
determine whether or not there are heat effects
(as temperature perturbations) arising from the
enthalpy change accompanying the transfer
of a solute across a liquid-liquid interface, and
(2) to determine the extent of the interaction
between these spontaneous heat effects and the
concentration variations in the Marangoni
circulation.

APPARATUS AND PROCEDURE

The study posed a unique design problem
which was twofold: (1) to put two liquid phases
into contact at a zero time in such a way as to
cause a minimum of agitation, and (2) to deter-
mine the lateral temperature distribution along
a liquid-liquid interface without interfering
with the interface shape or the spontaneous
fluid motion.

The solution to both these problems lay in
the structure of the diffusion test cell, pictured in
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Fig. 1 The problem of putting the phases into
contact was solved by dividing the diffusion cell
into three sections and making use of a pair of
thin metal slides. The slides when closed divided
the center or test section of the cell into upper and
lower chambers, each measuring 5 x 5cm. 2 cm
deep. This enabled one to add the solutions
to the test section and keep them almost entirely
sealed off from each other until the filling
procedure was complete. Liquids also simul-
taneously filled the two end section of the cell.
but mixing with the central test section was nil.
The test liquids contacted only stainless steel.
Teflon, glass, quartz and the chromel-alumel
thermocouple.

The problem of taking a lateral temperature
sweep could have been solved by use of a
traversing thermocouple which moved hori-
zontally. However, nearly all observations of
interfacial convection show that the convective
patterns drift horizontally. Thus it is feasible to
use a stationary thermocouple and let the
patterns move across it. In addition, a stationary
thermocouple may cause less distortion of the
fluid motion than a bulkier mobile unit.

The thermocouple was adapted from a design
by Gelb, Marcus and Dropkin [27]. The wires
were chromel and alumel of 1 mil (0-025 mm)
diameter. Each wire extended individually
through a horizontal tapered glass capillary, one
in the upper phase and one in the lower. The
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in the center of the cell, where they were bent
towards each other at right angles and met at a
welded junction in the interface. The wires
passed through the liquid—liquid interface at an
angle of 45 degrees. Because of the wire, each
slide had a notch at its contacting edge to allow
an opening for the wire to pass through when the
slides were closed. This opening occupied less
than 0-1 per cent of the interfacial area in the
test section when the slides were opened.

A reference junction was sealed in an air-
filled Dewar at room temperature. Thus, only
the temperature changes were detected and not
the absolute temperature. All runs were carried

2111

out at room temperature, which varied only
slightly from 25°C.

The thermocouple signal was pre-amplified
50 times by a direct current amplifier and was
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strip chart recorder. A typical setting gave a
25 cm pen deflection for a temperature jump of
1°C. The chart speed was set at 125 cm per
min. The speed of the thermocouple response
was estimated and measured [11]. showing a
time constant of about 0-01 s.

In order to relate the temperature variations
to the concentration variations in the moving
interface, the diffusion cell was built to allow a
motion picture camera to record the changing
Schlieren image of the liquid interface at and
near the thermocouple.

The Schlieren system, pictured in Fig. 2, was
built with a vertical optical path perpendicular
to the liquid interface. The light source consisted
of a microscope illuminator equipped with a
6 V. 108 W ribbon filament bulb and a con-
denser lens. Two Wollensak 75-mm, f/2-5 Fastax-
Raptar lenses served as the collimating and.

Photographic film
(image plane)

Knife edge
(light source image)

S Schlieren lens

Liquid interface
(object space)

> Collimating lens

Rectangular slit

Condenser lens

Light source

\ Optical axis

F1G. 2. Schlieren optical system.
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Schlieren lenses. The test cell was located
between these two lenses. The upper and lower
windows of the cell were of polished quartz.
Detailed descriptions of the rectangular slit
and knife edge components are found in an
article by Orell and Westwater [9]. The knife
edge could be properly adjusted to give a sharp
image of the liquid interface in intricate patterns
of light and dark regions corresponding directly
to the concentration variations.

A 16-mm motion picture camera was placed
at the image plane. The camera lens was removed
so that the image plane coincided with the film.
One hundred foot rolls of film were exposed at
10-24 frames per second at a magnification of
approximately 5x on the Eastman Plus-X
Negative film.

Solutions to be used in experimental runs were
prepared by mutually saturating the solvents.
then adding the solute to one of the phases.
The inlet tubes pictured in the cutaway view of
the cell in Fig 1. were connected to external
glass funnels which could be sealed off by
Teflon needle valves. The solutions were poured
through these funnels to load the test cell while
it was in place on the vertically mounted optical
bench. After the proper amount of each phase
was added, the inlet valves were closed to
permit the opening and closing of the slides.

Synchronization of the motion picture and
temperature records was facilitated by a remote
control switch which simultaneously activated
the recorder chart drive and the camera motor.
When the loading of the cell was completed, the
slides were opened in about 5 s and the switch
was thrown. After a run of about 4 min. the
switch was turned off so that the starting and
stopping points on the film and the chart were
well defined. This afforded an accurate syn-
chronization.

RESULTS AND DISCUSSION
Experimental runs on 78 different ternary
systems were performed in this investigation
[11]. For each system, the solute was transfered
across the interface first in one direction and then
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in the other. The solvent pairs included : water
with methyl ethyl ketone, isobutyl alcohol, ethyl
acetate, toluene, and carbon tetrachloride; and
ethyl acetate with ethylene glycol. The solutes
used were, acetic, propionic, sulfuric, and nitric
acids, ethyl, isopropyl, n-butyl, and isobutyl
alcohols, acetone, methyl ethyl ketone, ethyl
acetate, ammonium hydroxide, ethyl ether, and
triethylamine. Starting concentrations of the
solute in one phase normally were 7-10 volume
per cent. Temperature vs. time records were
obtained for all runs. The records for eight of
these and descriptions for all are available [11].

Buoyancy instability was present in many of
the diffusion processes, in addition to surface
tension flow, and occasionally a chemical reac-
tion was suspected. Many types of convection
were seen. ranging from relatively large-scale
motion with violent and chaotic rippling to
highly ordered, intricate, slow-moving cellular
patterns. Varying temperature records were also
seen, but a broad view of the ternary system
survey showed that the temperature fluctuations
of the greatest amplitude and frequency occurred
during transfer processes that involved
buoyancy-unstabie phases. The reasons for this
are not well understood.

The solvent pair producing the most spec-
tacular temperature records was ethyl acetate/
water. The interfacial tension of 6-2 dynes/cm is
the largest of all the binary solvent pairs in this
investigation which show a sizeable mutual
solubility, ie. excluding carbon tetrachloride
and toluene. The next highest value is around
2:5 dynes/cm (ethyl acetate/ethylene glycol).
Convection during transfer across the ethyl

acetate/water intarface anneared cnlelv in the
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form of ripples whose motion ranged from slow
and lingering (ethyl alcohol diffusing downward)
to swift and swirling (acetone diffusing upward).
Very few temperature fluctuations were ob-
served in buoyancy-stable diffusion processes
across this interface. The large fluctuations
were restricted to buoyancy-unstable flows.

The largest temperature fluctuations were
observed during the transfer of acetone upward
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from water to ethyl acetate, a buoyancy-
unstable process. As seen in the temperature
record in Fig 3, peaks of up to 0-5°C were
recorded at less than two-second intervals. Al-
though the visual record changed chaotically
during a two-second interval, the temperature
fluctuations may nevertheless enhance the con-
vection by increasing the surface tension
gradients or by creating a thermal buoyancy
effect.

——

=

—_

= o]

—_——
__ t
i2s
==
Time

Temperature ———-—

FiG. 3. System showing large temperature fluctuations at

the interface. Acetone transfering upward from water to

ethyl acetate; starting concentration of lower phase 10
volume per cent acetone.

One solute that showed a consistent thermal
behaviour was sulfuric acid. Diffusion across
the various interfaces in a buoyancy-stable
direction (upward) showed no temperature
fluctuations, while diffusion in the buoyancy-
unstable direction (downward) showed large
temperature drifts of about 0-2°C spread over
several seconds. Diffusion processes with this
solute were not studied in detail, since the
temperature variations were clearly much slower
than the moving visual patterns. Furthermore.
there was a high possibility of chemical reaction.
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Ethyl acetate—ethyl alcohol/water

Two diffusion processes were selected for
detailed study. For these systems, the data from
the temperature and motion picture records
were supplemented with measurements of inter-
facial tension and density at various concentra-
tions and temperatures, together with enthalpy
changes and phase diagrams. The first of these
two detailed studies was the downward diffusion
of ethyl alcohol from ethyl acetate to water. This
process was stable with respect to buoyancy
forces but had a Marangoni number on the
order of 10%, rendering it highly unstable to the
Marangoni effect. Convection here, just as all
other convection seen with the use of this
solvent pair, took the form of ripples. whose
motion was slow enough to be stopped by
filming at a rate of 24 frames per s.

A typical temperature record is shown in Fig.
4, showing small temperature variations of up to
0-1°C which are broad along the time scale,
spread over intervals of about 15 s. Comparison
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F16. 4. System showing small temperature fluctuations at the

interface. Ethyl alcohol transfering downward from ethy]

acetate to water; starting concentration of upper phase 8
volume per cent ethyl alcohol.
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of this with the motion picture record showed
that the temperature variations were entirely
out of character with the visual changes. since
several ripples could be seen passing the
thermocouple junction during a single second.
The minute pen motions of less than 0-01°C are
to be ignored. These are the level of the recorder
sensitivity to electrical noise and were present
even in blank runs with no solute.

The temperature fluctuations of 0-1°C were
considerably smaller than the overall maximum
temperature rise of 1-33°C which accompanies
the complete equilibration of the system starting
from an initial ethyl alcohol concentration of
8 weight per cent in the organic phase. Considet-
ing that this typical temperature fluctuation of
0-1°C is about 10 per cent of the possible
maximum, a typical concentration fluctuation
might be 10 per cent of its maximum. or 0-5
weight per cent.

Literature values and new measurements
[11] were obtained to establish the interfacial
tension and density at various concentrations
and at two temperatures. From these, and
assuming linearity, the typical temperature
fluctuation of 0-1°C would cause an interfacial
tension variation of 0-0005 dynes/cm while the
“typical” concentration fluctuation would
change the tension by 0-33 dynes/cm. Clearly
the temperature variations for this system have
little effect on the surface tension in relation to
the concentration variations. The effects on
density, however, are much more comparable.
The greatest density variation is in the aqueous
phase, where the density varies by 0-0005 g/ml
over a 05 weight per cent range. Over
a temperature range of 0-1°C. the density
of ethyl acetate varies by 00001 g/ml while
that of water varies by 0-00003 g/ml. Thus
the temperature variations can counterbalance
or even overbalance the stable density gradient
arising from the concentration variations.

Ethyl acetate—acetic acid/water
The other diffusion process studied in detail
involved combined buoyancy-driven flow and
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surface-tension-driven flow. This was the diffu-
sion of acetic acid downward from ethyl acetate
to water. With the initial solute concentration
of 10 weight per cent, the Rayleigh and Maran-
goni numbers both were on the order of 108,
Motion pictures showed convection largely in
the form of isolated ripples. with the images
ranging from sharp to indistinct. Figure 5 shows
the temperature record from a typical run. The
fluctuations averaged about 0-05° over two-
second intervals. Here the higher frequency of
the fluctuations allowed for the possibility of a
correlation with the film images.

Time

Temperature

FiG. 5. Temperature record of interface as acetic acid diffuses
downward from ethyl acetate to water. Starting concentra-
tion of upper phase 10 volume per cent acetic acid.

It was realized that the Schlieren motion pic-
tures could not be used to obtain the actual con-
centration profile at the liquid-liquid interface.
because of the interference from the integrating
effects ofthelight beam passing through theentire
liquid depth. However the picture did yield
precise knowledge of where in a convection cell
the thermocouple was located at any instant.
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FI1G. 6. Section from Fig. 5 showing temperature fluc-
tuations; 10-5 frames per s. Each frame includes an area
of 35 x 26 mm.

—o0025%c—  |—00025 ¢ —

b o

Temperature

Time

Frame 1-12 Frames i13-24

FiG. 7. Section from Fig. 5, showing no fluctuations
in temperature.

[ facing page 2114}



HEAT OF SOLUTION AND MARANGONI CONVECTION

Thus it was possible to answer the question as
to whether the temperature at the center of a
convection cell was always higher (or lower)
than at the cell wall.

A correlation was indeed found in some
sections of the run, where temperature peaks
occurred simultaneously with the ripples cross-
ing the thermocouple junction. An example of
this is shown in Fig. 6, where an indicated section
from Fig. 5 is stretched out time-wise and shown
next to the corresponding movie frames. At
other points, peaks appeared where no ripples
passed the junction, or ripples passed the
junction with no response from thermocouple.
This latter is shown in Fig. 7, which is a different
section taken from Fig. 5. The temperature and
concentration variations probably originated in
the same regions. They may have been
propagated at different rates, however, because
the thermal diffusivity is much greater than the
molecular diffusivity.

In the first several frames of both figures. it
is apparent that the meniscus formed around the
wire initiates a convective ridge. Only in recent
years has the importance of the effect of a
meniscus on mass transfer been recognized.
first by Berg and Morig [28]and most recently
by Wayner and Coccio [29] and Kayser and
Berg [30]. From the direction that the ridge
emanates from wire, one can also determine the
direction of the fluid flow at that point of origin.
Thus in Fig. 6, frames 19-24 show flow toward
the top of the frames.

The average temperature fluctuation in Figs.
5-7 is once again about one tenth the maximum
for equilibration, which is a decrease of 0-63°C
in this case. Similar to the first system, the
typical interfacial tension change of 0-17 dynes/
cm over a 0-5 weight per cent range is much
greater than the 0-0005 dynes/cm change that
is brought about by a temperature shift of 0-1°C.
The density effects are 0-0015 g/ml for the
concentration change and 00001 g/ml and
0-00003 g/ml for the temperature change in the
organic and aqueous phases respectively. Den-
sity is affected almost as much by temperature
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as by concentration; the interfacial tension is
affected much more by concentration than by
temperature.

The heat evolved or absorbed in the transfer
of the solute from one solvent to another is less
than 950 cal/kg of mixed liquids for each of the
two cases described above. This result also
encompasses the heat effects which arise from the
readjustment of the mutual solvent solubilities
due to the presence of the solute. We conclude
from these studies and the ternary system survey
that spontaneous temperature changes due
to the excess enthalpy changes do not noticeably
affect the surface tension drive in the Marangoni
effect for systems where the enthalpy change is
less than 950 cal/kg. The possibility remains,
however, that the temperature variations can
cause a buoyancy instability.

CONCLUSIONS

1. When spontaneous temperature iluctua-
tions are observed in the interface in a liquid-
liquid extraction process, their amplitude is
approximately one tenth the temperature dif-
ference which would result from the combined
enthalpy difference between the initial and
equilibrated phases.

2. The frequency of the temperature fluctua-
tions is significantly increased by the presence
of an unstable density gradient.

3. In systems where the solute transfer in-
volves an enthalpy change of less than 950 cal/kg
of mixed liquids the effect of temperature
fluctuations on the surface tension drive is
negligible compared to the effect of the con-
centration fluctuations on the surface tension
drive  responsible for the Marangoni
circulation.

4. Temperature fluctuations may affect the
fluid motion because of their effect on density.
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EFFETS DES CHALEURS DE DISSOLUTION SUR LA CONVECTION DE MARANGONI

Résumé—On étudie expérimentalement la circulation convectante spontanée qui apparait pendant ie
transfert instationnaire d’un soluté a travers un interface liquide-liquide et on recherche les effets possibles
des variations latérales de température, le long de I'interface, provoquées par le changement d’enthalpie
qui accompagne le transfert du soluté. La circulation convectante est largement due a I’effet Marangoni
sur 1écoulement piloté par la tension interfaciale. Une force supplémentaire active due a un gradient
instable de masse volumique est présente dans quelques essais. Outre I’étude de 78 systémes ternaires dif-
férents, des études détaillées sont faites pour deux d’entre eux, contenant en commun l’eau et I'acétate
d’éthyle comme solvants partiellement miscibles. L’un concerne le transfert d’acide acétique en présence
d’un écoulement de convection naturelle, 'autre systéme stable sous I’angle des forces d’Archiméde est
relatif au transfert d’alcool éthylique. Une caméra avec visualisation par une méthode strioscopique
enregistre les figures de convection autour d’un micro-thermocouple fixe situé a l'interface. Simultané-
ment on enregistre la mesure instantanée et continue de la température en ce point. Des perturbations de
température aussi élevées que 0,05°C sont courantes et des valeurs atteignant 0,5°C sont obtenues dans
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quelques systémes. Ceci n’affecte pas d’une fagon sensible la tension interfaciale. Les clichés confirment

qu’il n’existe pas une correspondance nette entre I’aspect de I’écoulement et I’enregistrement de la tem-

pérature. Ainsi la force contrélant la tension de la surface peut provenir des perturbations de concentration
et non des perturbations de température qui sont causées par les chaleurs de dissolution.

DER EINFLUSS VON LOSUNGSWARMEN AUF DIE MARANGONI-KONVEKTION

Zusammenfassung—Die spontane konvektive Zirkulation, die wihrend des instationiren Ubergangs
eines gelosten Stoftes iiber die Grenzfliche zwischen zwei Fliissigkeiten einsetzt, wurde experimentell
untersucht im Hinblick auf mogliche Temperaturschwankungen quer zur Grenzfliche, hervorgerufen
durch Enthalpieinderungen, die mit dem Ubergang des gelosten Stoffes verbunden sind. Die konvektive
Zirkulation beruhte weitgehend auf dem Marangonieffekt oder auf der von der Oberflichenspannung
verursachten Stromung. Eine zusitzliche treibende Kraft, die von einem instabilen Dichtegradienten
herriihrte, war bei einigen Versuchen vorhanden. Zusitzlich zur Untersuchung von 78 terniren Systemen
wurden detaillierte Versuche ausgefithrt an zwei Systemen, die Wasser and Athylacetat als teilweise
mischbare Losungsmittel enthielten. In einem System fand der Ubergang von Essigsiure unter Einfluss
einer Auftriebskraft statt, im anderen der Ubergang von Athylalkohol ohne Eintluss von Auftriebskriften.
Mit einer Filmkamera mit Schlierenbeleuchtung wurden die Stromungsbilder an der Lotstelle eines in
der Grenzfliache fest angebrachten Mikrothermoelements aufgenommen. Gleichzeitig wurde mit einem
schnellen Messgerit die Temperatur an dieser Stelle kontinuierlich aufgenommen. Temperaturschwan-
kungen um 0,05°C waren iiblich. in einigen Systemen traten Werte bis 0,5°C auf. Sie beeinflussten die
Grenzflichenspannung in nicht spiirbarer Weise. Der Film bestétigte, dass kein Zusammenhang bestand
zwischen dem Stromungsbild und dem Temperaturverlauf. Die von der Oberflachenspannung verursachte
Kraft muss also von den Konzentrationsschwankungen allein kommen und nicht von den Temperatur-
schwankungen. die von den Losungswirmen herrithren.

BJIMAHUE TEIIJIOTBI PACTBOPEHUA HA KOHBEKIUWIO MAPAHT'OHH

Angoramma—IIpoReieHo DKCIePUMEHTANHHOE HCCIeA0BAHME KOHBEKTHBHOM UMPKYIALMH,
BO3HMKAOMEH NpHU HECTAMOHAPHOM MepeHOCe DPACTBOPEHHOTO BEIECTBA 4Yepes IPAHMILY
Pasyesa FMULKOCTL-MULKOCTL B Pe3yJIbTaTe BO3MOMHOIO GOKOBOr0 UBMEHEHMS TeMIepPaTypHl
BRONb MOBEPXHOCTH Da3sfella, BHIBBAHHOTO M3MEHEHMAMM JHTAJbLINM, CONPOBOKAANNAMU
IIEPEHOC DPACTBOPEHHOr0 BemecTBA. HOHBEKIMA, B OCHOBHOM, o6ycioBiena sfdexTom
Mapanronu, T.e. 3aBUCHMOCTBIO IOBePXHOCTHOTO HATAMKEHHUSA OT TEMIEPATYPH. B HEKOTOPRIX
BKCIIEPUMEHTAX MMeJId MeCTO IOMONHUTEILHAA IBUMKYINAA CUIA B PE3YIbTaTe HEYCTOMYNBOTO
rpaguenta mIoTHOCTH. MeciaemoBano 78 pasmmMYHEIX TPEXKOMIIOHEHTHHIX CHCTEM, KpOMe
TOTO MPOBKAEHO NMOXPOOHOE MCCIeROBAHME ABYX CHUCTEM, CONEPMALINX BOJAY U ITHIALETAT B
KayecTBe YACTHYHO CMEIIMBAIIMXCA DACTBOPEHHHIX BeMIeCTB. B OQHON W3 BTUX CHCTEM
NPOMCXOJMII IePEHOC YKCYCHON KUCIOTHL NPY HAJIMYUM MOLBEMHLX CHII; B APYTOH MCCIEN0-
BaJicA [epPeHoC ATUIOBOTO CIUPTA B MeXAaHWUYeCKM paBHOBeCHOU cucreme. KoHBeKTHBHHE
MOTOKK Yepes3 crnalf HEMOABUMIKHON MHMKDPOTEPMONApPH, DPACHONOMEHHOH HA MOBEPXHOCTH
pasfesa, PMKCHPOBAIUCE C [IOMOMILI0 KMHOCHEMKH C [IOJIOCHEIM OCBelleHueM . OHOBpeMeHHO
TPOBOIMJIOCE HENpepHBHOe BLICOKOCKOPOCTHOE H3MepeHHe TeMmepaTyphi B 3TOH TouKe.
TemnepaTypHble BosMymenua o0uyHo gocturamu 0,05°C, a B Hexoropwx cucremax 0,5°C.
OHu He OKasHIBAJM CYIIECTBEHHOTO BJIWAHAA HA mesk{asoBoe HaTAxeHnne. KuHOCHEMKA
TIOATBEPANIA OTCYTCTBUE CTPOTOr0 COOTBETCTBHA MEAY BO3HUKHOBEHHEM TeYeHUA U N3Me-
penwaAamMHM TeMmmepaTypel. Takum o06pa3oM, cCHIA HOBEPXHOCTHOrO HATAMKEHHA OJKHA
BO3HNKATL B Pe3yJIbTaTe CAaMUX BOBMYINeHH} KOHIEHTPALUH, 3 He TeMNepaTypHHIX BO3MY-
IeHni, BEIBBAHHBIX TEIIOTO! pacTBOpeHUs.
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