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Abstract— The effect of the thermal properties of the condenser material on dropwise condensation heat
transfer is studied experimentally. Quartz glass, stainless steel, and carbon steel are employed as the
condenser materials. The heat transfer coefficient for steam is measured very carefully and precisely using
thin-film resistance thermometers deposited on the condensing surface. All tests are conducted in a pressure
range from 10 kPa down to | kPa to minimize the effect of nucleation-site density on the heat transfer.
The experimental data definitely show that the heat transfer coefficient is dependent upon the surface
thermal conductivity. Also, the measured heat transfer coefficients agree satisfactorily with the predictions
by the previously developed constriction resistance theory. It is confirmed that the heat transfer coefficient
decreases with the surface thermal conductivity due to increasing constriction resistance.

1. INTRODUCTION

THE CONSTRICTION resistance theory concerning the
effect of surface thermal properties on the heat trans-
fer coefficient of dropwise condensation was devel-
oped in our previous report [1]. The present paper
aims at establishing the experimental verification
of the theory.

In the theoretical work [1], a fundamental differ-
ential equation describing the constriction resistance
was derived by formulating the contribution of the
droplet resistance in the individual drop size class to
the total thermal resistance. It was found from the
equation that the constriction resistance could be
determined by the Biot number defined by the inter-
facial heat transfer coefficient 4, the departing drop
radius 7., and the surface thermal conductivity A..
A comparison between the theoretical heat transfer
coefficients and the existing experimental data showed
a similar tendency. However, the accuracy of most of
the data is not satisfactory since the condensing sur-
face temperature was obtained by the ordinary extra-
polation method, and the departing drop size was not
reported. Also, those experiments have been con-
ducted under atmospheric pressure so that the exper-
imental heat transfer coefficient might be affected by
surface characteristics such as the nucleation site den-
sity. Hence, further experimental data are needed for
verification of the theory.

In this study, quartz glass, stainless steel, and car-

bon steel are selected as the condenser materials due
to their appropriate thermal conductivities, and the
heat transfer coefficients of low pressure steam are
measured very carefully and precisely using thin-film
resistance thermometers deposited on the condensing
surfaces. Since the data for these materials are limited
in number, the present experiment is made by chang-
ing the steam pressure in the range from 1 to 10 kPa.
In this pressure region, the interfacial heat transfer
coefficient varies by an order of ten, and then we can
change the Biot number extensively and continuously.
Also, from the fact that the heat transfer coefficient
of low pressure steam is independent of the density of
the nucleation site [2, 3], it is desirable to perform the
experiment in the low pressure region for removing
the effect of surface characteristics.

The distinctive feature of this report is the precise
measurements of heat transfer data in the wide range
of parameters. The experimental data are compared
with the theoretical predictions, and the effect of con-
striction resistance is clarified.

2. EXPERIMENTAL APPARATUS AND
PROCEDURE

2.1. Apparatus

Figure 1 shows a schematic drawing of the exper-
imental apparatus. This is the same as that used in
refs. {3,4] to determine the condensation coefficient
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NOMENCLATURE
Bi. Biot number, /1" r. /A I saturation temperature '
h heat transfer coeticient AT mean surface subcooling, 7.— 7,
hy, latent heat of vaporization r, specific volume of vapor.
h, interfacial heat transfer coefficient
N density of drop size distribution Greek symbols
Nu Nussclt number, h*r,, i/, /. thermal conductivity of condenser
q mean heat flux material
r drop radius vy thermal conductivity of liquid
Foae  departing drop radius <y dimensionless characteristic drop radius,
r characteristic drop radius, 24,/ F T
T. mean surface temperature 1y sweeping period.

of water at low pressures. The main closed loop con-  istivity is greater than 1.5 x 10" Q ¢cm. The details of
sists of a boiler, a test condenser and a main condenser,  the experimental facility and the degassing procedure
which are all made of No. 304 stainless steel. Since  are described in ref. [3].

the experiment is carried out at a low pressure region The sctup of the test condenser and the detail of the
below atmospheric pressure, great care is taken to  condensecr block are shown in Figs. 2 and 3, respec-
degas the system and make it gastight. When the boiler  tively. The condenser block is made of copper of
is empty the system can be pulled to and maintained  purity 99.96% and its main part is a cylinder, 20 mm
at a vacuum of 2x 10 * Pa by keeping a diffusion in diameter and 89.5 mm long (see Fig. 3). On top ol
vacuum pump in motion. Water purified with the the copper block, the disk-shaped condensing surface
deionizing equipment is used as the test fluid. Its res- 9.5 mm in diameter and 1.5 mm thick is joined. The
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F1G. 1. Experimental apparatus.
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F1G. 2. Test condenser.

condensing surface is vertically oriented and visual
observation is possible through the glass window
placed in front of it with a space of 3 mm. Either water
or aqueous alcohol is employed as the coolant of the
test condenser. The coolant temperature is controlled
to adjust the surface subcooling of the condensing
surface to a desired level.

The steam temperature 7, is measured by a sheathed
chromel-alumel thermocouple installed in the test
condensing chamber. The surface-averaged tem-
perature T, of the condensing surface is measured
directly using a thin-film resistance thermometer fab-
ricated by microelectronic thin-film technology. The
details of the thin-film thermometer will be described
later. A part of the copper block, 30 mm long, serves
as a heat flux meter. Four thermocouple holes, 0.6
mm in diameter, are drilled radially to the axis of the
copper block at the locations shown in Fig. 3, and
sheathed chromel-alumel thermocouples 0.5 mm in
diameter are installed in these holes. The mean heat
flux ¢ is obtained by applying the least square
regression to the readings of these thermocouples.

2.2. Test surfaces and thin-film thermometers

Three kinds of materials, i.e. quartz glass, No. 304
stainless steel, and No. 41 carbon steel, are used as the
test surfaces. The reference values of their thermal
conductivity A are 1.3, 16.0, and 51.6 Wm~! K~ ' at
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F1G. 3. Condenser block.
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300 K. After the surface of the disk is polished care-
fully to an optical or mirror finish, the thin-film resist-
ance thermometer is fabricated for the accurate
measurement of the condensing surface temperature
without disturbing heat transfer.

Figure 4 shows the resistor pattern and the structure
of the thin-film resistance thermometer. Aluminum
was selected as the temperature sensing material by
virtue of its relatively high temperature coefficient of
resistance. To monitor the instantaneous surface-
averaged temperature in the transient dropwise con-
densation, five microscopic sensing elements of
0.5 mm x 0.5 mm are placed over the central area
(5 mm x 5 mm) of the condensing surface and they
are connected in series as shown in Fig. 4(a). Since
the radii of active drops in dropwise condensation
are a few or ten-odd microns for low pressure
steam, the conductor path of the sensing element is
designed as the meandering pattern of 10 ym width
to detect their base temperatures as much as possible.
The meander resistor configuration is also desirable
to reduce the effect of Joule heating.

The thin-film resistance thermometer is fabricated
using the IC processing technique. The metal test disk
such as stainless steel or carbon steel is first coated
with a | um thick electrically insulating layer of tri-
silicon tetranitride (Si;N,) using a plasma chemical
vapor deposition (Plasma CVD) process. Of course,
the insulating layer of Si;N, is not necessary for a
glass surface. Next, an aluminum layer 0.5 um thick
is deposited by a radio-frequency sputtering method,
then the resistor pattern of Fig. 4(a) is formed using a
photographic selective etching process. The sputtering
method produces an adhesive thin layer and alumi-
num can be easily shaped into the microscopic pattern
by etching. Further, another layer of 0.7 um thick
Si;N, is deposited on the entire surface of the disk,
leaving only four terminals exposed for electrical con-
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nection. This layer serves as a protector of the sensor.
Since the Si;N, film deposited by Plasma CVD has
stress-free, waterproof and adhesive features, we can
producc the electrically insulating or the over-coating
layers without any pinholes.

Enamel coated copper wires of 0.5 mm diameter
arc attached on the resistor terminals using a con-
ductive epoxy resin. An electric current of 1.0 mA is
supplied to the resistor through a pair of terminals

and the potential difference between the other pair of

terminals is momitored.

Calibration of the thin-film resistance thermometer
is made in the temperature range between almost 273
and 323 K using the thermally well insulated water
bath. After confirming its stability and good linearity,
the test disk is soldered to the end of the copper
block. Table | summarizes the characteristics of three
thermometers, which include the resistances at 273
K and temperaturc coefficients of resistance together
with the standard deviations of the resistance tem-
perature correlations. The accuracy in the surface tem-
perature measurements can be estimated as +0.12 K
at maximum. if twice the standard deviation is taken
as 4n error.

2.3. Experimental procedure

Heat transfer measurements arc carried out in 4
pressure range from 10 kPa down to 1 kPa after degas-
sing the test water {3]. Since steam flow near the con-
densing surface prevents the noncondensables from
building up and reduces the departing drop size, the
steam flow rate is adjusted so that the dynamic press-
ure, based on the average steam velocity in the test
condenser, amounts to 4 Pa. Therefore, it is con-
sidered that the effect of noncondensables is negligible
in the present experiment using the highly gastight
system and the degassed test water.

The surface subcooling AT is taken as the time-
averaged difference between the steam temperature 7,
and the condensing surface temperature 7, measurcd
by the thin-film resistance thermometer. The surface
subcooling AT s set as AT > | X in order that the
potential nucleation site might be fully activated. The
heat transfer coefficient A is obtained by /= ¢/AT,
where the value calculated from the temperature dis-
tribution in the copper block is used for the heat flux
¢. Photographs of the condensing surface are taken
simultancously with the heat transfer measurement to
observe the departing drop radius r,,,,. Oleic acid is
used as a promoter for dropwise condensation.

Tabie 1. Characteristics of thin-film thermometers

T. Tsuruta e ol

3. EXPERIMENTAL RESULTS

3.1, Surface temperature variation

Figure 5 shows a typical transient history of the
condensing surface temperaturc monitored in the
cxperiment on the glass surface with the lowest ther-
mal conductivity. In this figure. the variations of
steam and condensing surface temperatures at steam
pressure P, = 2.8 kPa are presented for 300 s, together
with some photographs showing the behavior of drop-
lets. Since the steam temperature is alimos! constant at
its saturation temperature 7, = 22,7 C, we can judge
that the experimental system is in a completely station-
ary condition. On the other hand, the surface-aver-
aged temperature of the condensing surface shows a
periodic change with large variation. 1t is found from
the photographs that the surfacc-averaged tem-
perature changes periodically according to the cycle
of the transient dropwise condensation occurring
repeatedly on the tracks left by the departing drops.
The departing drop size is 3.6 mm in diameter which
is large enough to cover the whole arca of sensing
clements of the thin-film thermometer, Namely, when
most of the sensing clements are covered by a big
falling droplet, the thermometer indicates the lower
temperature due to its large thermal resistance (at
point 1 in Fig. 5). At an instant of drop departure,
the surface temperature rises rapidly up to near the
saturation temperature {at 2), then decreases gradu-
ally with the continuous drop growth (2 -3 4).
Again. the falling drop causes the rapid decrease of
temperature {at 5) and such a cycle is repeated. The
mean value of the surface-averaged temperature is
calculated at 7, = 21.3°C in this case, and then the
mean surface subcooling 1s obtained as AT = 14 K
There is no marked variation in the heat flux
¢ obtained {rom the temperature gradient in the
copper block, being almost constant al ¢ = 18.56+
0.70kWm -~

Temperature variations of the glass surface are also
shown in Fig. 6 for three different heat Ruxes under
the same steam pressure P, ~ 9.4 kP4, The heat fluxes
are ¢ = 16.66, 23.64, and 32.89 kW m "~ and the
resultant mean surface subcoolings are obtained at
AT = 1.08, 1.70, and 2.60 K. respectively. We can see
from this figure that an increase of the heat flux
reduces the period but increases the amplitude of sur-
face temperature variation. This (s because the drop
growth rate and local subcooling increase with the
heat flux. In the case of small heat flux, the mean value

Standard

Resistance Temperature coefficient
Substrate at 273 K of resistance deviation
Material A{Wm 'K N ) (X1 (K)
Quartz glass 1.3 111,709 2859 x 10 (1.060
Stainless steel (SUS304) 16.0 345.631 2.280x 10 0.048
51.6 258.857 2085 % 10 0.052

Carbon stee] (8841)
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Fi1G. 6. Effect of heat flux on surface temperature variation of glass condenser.

of the surface temperature variation is higher than the
median (see Fig. 6(a)), since the sweeping period by
the departing drops is so long that the surface is
covered by the active drops for a long time. The mean
temperature approaches the median with increasing
heat flux (Figs. 6(b) and (c)).

Figure 7 shows the temperature variations of the
stainless steel and the carbon steel surfaces obtained
at the steam pressure around 9 kPa. The temperature
variation of the stainless steel surface in Fig. 7(a) is
smaller than that of the glass surface in Fig. 6, in spite
of the larger heat flux. The mean subcooling is also
smaller than that for the glass surface, thus the heat
transfer coefficient is higher. A further increase of heat
flux (Fig. 7(b)) reduces the period and increases the
variation in the same way as the case of the glass
surface, but the heat transfer coefficient does not
change due to increasing mean subcooling. From the
temperature variation of the carbon steel surface (Fig.
7(c)) with the highest thermal conductivity in the pre-
sent study, the mean surface subcooling becomes
smaller than that for the stainless steel surface at the
same order of the heat flux. This result indicates a
higher heat transfer coefficient than that for the stain-
less steel surface.

Close-up photographs of the three condensing sur-
faces are shown in Fig. 8, and the relation between

the mean sweeping period and the heat flux is shown
in Fig. 9. In the present experiment, the sensing area
of the thermometer is relatively large so that the mean
period of the surface temperature variation may result
in a smaller value than the theoretical one due to
the increasing probability for sweeping by the falling
droplets, However, the experimental periods are
approximately consistent with the theoretical sweep-
ing period obtained by the following equation:

b Y imvax
i
g1 =t

Vs Jrain 3

2
T N 1) dr = 1100 kJ m™>

{H
where /i, is the latent heat of vaporization, &, the
specific volume of water, and N the distribution den-
sity of drops used in the theoretical study [1]. This
figure shows that the period is inversely proportional
to the heat flux.

3.2. Heat transfer coefficient

The heat transfer coeflicients obtained in the pres-
ent experiment are summarized in Fig. 10 to make
a comparison with the theoretical prediction by the
constriction resistance theory [1]. This figure includes
the data for the gold-plated copper surface measured
in ref. [3] using the same apparatus. Therefore, four



Experimental verification of constriction resistance theory in dropwise condensation heat transfer

2793

50 T T ¥ v L Y T T T
(a) Stainless steel  q = 54.40 kW/m?
48 Ps=9.0kPa AT =1.46K
46 o L
Steom temperature
44 ——r e A

42-“ Y ‘“d " PN AN

Surface temperature ]

40 -
38 A e e e e S

(b) Stainless steel q = 96.08 kW/m? )
46 Ps=89kPa AT =3.20K
44k — 1
42

40

Temperature, °C

38
36 3 2 4

s {c) Carbon steei q = 89.46 kW/m? i
Ps = 8.5 kPa AT=1.71K

44} ]
7y

40

38

36

0 60 120 180 240 300
Time, s

Fi1G. 7. Surface temperature variations on the stainless steel and carbon steel condensers.

kinds of data can be compared with the theory. In
drawing the theoretical curves, the departing drop
radius r,,, = 1.5 mm is used for the copper surface
[3] and r s, = 1.8 mm for the present materials.

The experimental data show that the heat transfer
coefficient is dependent upon the surface thermal con-
ductivity. The copper surface yields the highest heat
transfer coefficient, and it decreases markedly with the
thermal conductivity in the order of carbon steel,
stainless steel, quartz glass. The heat transfer coefficient
on the quartz surface is one-third at P, = 1 kPa and
one-eighth at P, = 10 kPa compared with that on
the copper surface. Also, since the experimental heat
transfer coefficient agreed very well with the theor-
etical predictions, it is considered that the constriction
resistance theory can describe fairly well the effect of
the surface thermal conductivity on the heat transfer
coefficient. It is then confirmed that a decrease of the
surface thermal conductivity raises the constriction
resistance and reduces the heat transfer coefficient of
dropwise condensation.

4. DISCUSSION

From the theory [1], the constriction resistance in
dropwise condensation is determined by the Biot
number defined by Bi, = h;* ro../A. in addition to
the basic parameters &, and &.; in ref. [2]. &, is

the non-dimensional characteristic drop radius &, =
24, /(h;* 1) and &; the non-dimensional thermo-
dynamic critical radius. Since the effect of £ is neg-
ligible in the present low pressure condition, the
Nusselt number defined by Nu = h*r,, /A, is con-
sidered as a function of £, and Bi,

Nu= Nu(f,,Bi.) or Nu({,Bi*&i/2=14,4.).
@

For the two extreme cases, 4. > o and 4. —0,
the Nusselt numbers of dropwise condensation are
expressed from the theoretical solution as follows:

Nu = 3.1867%7
Nu=113E7018

for A, —

A, — 0.

©)
“)

Figure 11 shows the relation between Nu and &, as
a function of 4,/4.. The solid lines from the theory
are consistent with the experimental Nusselt number
except for the copper data obtained near the atmo-
spheric pressure condition. This is because the theor-
etical prediction presents the upper limit of Nusselt
number since it is obtained by assuming that the con-
densing surface is covered entirely by the drops with-
out any vacant space. In the higher pressure region
near atmospheric pressure there are some effects of
. on the heat transfer rate [2]. Because of this the

for
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Fii. 8. Photographs of dropwise condensation on three kinds of condenser surfaces.

present experiment 18 carried out in the pressure region
lower than P, = 10 kPa. Figure 11 shows the other
data measured by Hannemann and Mikic {5} and by
Nagata and Tanasawa [6] using thin-film resistance
thermometers under the atmospheric condition. Han-
nemann and Mikic obtained /1 = 61.9 kW m > K '

foyr 1)
mim 16r nc

al e = 1.0 stainless steel surface
(7.=17.3 W m~' K ') and Nagata and Tanasawa
reported the values h=70~ 120 kW m~"* K !

at = 0.7 mm for the titanium surface (4 =

117.2 W m ' K Y. Their data also agree satisfac-
torily with the theory.

From these experimental and theoretical resuits,
the Nusselt number of dropwise condensation is
expressed on the basis of expressions (3) and (4) as
follows:

1138, %0

318 e
Nig == o+ i oh e et {5y

voi oA e T
030,14

A comparison is shown in Fig. 12, 1t s found that all
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data are included in the range of +20% deviation
from correlation (5).

Here we discuss the effect of the thermal capacity
of the condenser material. In the theoretical study, we
assume that the time response of the surface tem-
perature is sufficiently rapid such that the thermal
capacity effect can be neglected. This assumption con-
siders the situation that the surface temperature rises
abruptly immediately after drop departure. Chiba et
al. [7] and Tanasawa e al. [8] made one-dimensional
unsteady analyses of heat conduction in the condenser
material using the transient histories of the surface
temperature measured by the surface thermocouple.
They reported that the abrupt temperature rise brings

FiG. 12. Correlation for Nusselt number.

a rapid increase of surface heat flux. However, since
the period of the abrupt temperature rise is very short
compared with the cycle of transient dropwise con-
densation, it can be considered that there is no effect
of the steep increase of heat flux on the mean heat
transfer rate. As seen in Fig. 9, the period of the
sweeping cycle in the present experiment is so long
that the heat transfer coefficient is not affected very
much by the thermal capacity of the condenser
material.

In closing, an error estimation for the heat transfer
coefficient is presented as follows. The error in meas-
uring the surface subcooling is estimated as +0.15 K
from the accuracy of the thermocouple and surface
thermometer. The accuracy of the heat flux is deter-
mind by the method of Wilcox and Rohsenow [9] as
+2.61 kW m~2 Then, most-of the experimental heat
transfer coefficients may include the errors of 8—20%,
while the data for the glass surface at P, ~ 1 kPa have
the error of 30% due to the low heat flux and the small
mean surface subcooling (g = 12kWm~2% AT = 1.04
K). The heat flux due to Joule heating of the thin-
film resistance thermometer is 0.23 kW m ™2, which
amounts to only 1.9% of the lowest heat flux ¢ = 12
kW m~? in the experiments. The heat conduction
error through the over-coating layer Si; N, is estimated
as 0.07 K at the heat flux ¢ = 100 kW m~2 Hence,
both the effects of Jouie heating and the over-coating
layer of the surface thermometer on the accuracy of
surface temperature measurement are fairly small.

5. CONCLUSIONS

To verify the constriction resistance theory, the heat
transfer coefficients are measured very carefully and
precisely in the wide range of Biot numbers using
the thin-film resistance thermometer formed on the
condensing surface. The following conclusions are
obtained.

(1) The surface-averaged temperature changes
periodically according to the cycle of transient drop-
wise condensation. The period decreases with increas-
ing heat flux, while the temperature variation increases
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with heat flux depending on the thermal conductivity
of the condenser material.

(2) The heat transfer coeflicient of dropwise con-
densation decreases with the surface thermal con-
ductivity. Comparison between the experimental and
theoretical heat transfer coefficients shows a fairly
good agreement and a correlation of Nusselt number
is presented.

(3) Tt is confirmed that a decrease of surface thermal
conductivity raises the constriction resistance and
then reduces the heat transfer coefficient in dropwise
condensation.
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VERIFICATION EXPERIMENTALE DE LA THEORIE DE LA RESISTANCE
THERMIQUE DE CONSTRICTION DANS LA CONDENSATION DE
GOUTTELETTES

Résumé—On étudie expérimentalement D'effet des propriétés thermiques du matériau du condenseur sur la
condensation en gouttes. Le quartz, I'acier inoxydable et I"acier au carbone sont employés comme matériaux
du condenseur. Le coefficient de transfert de chaleur pour la vapeur d’eau est mesuré avec précision en
utilisant des thermomeétres 4 film mince déposés sur la surface de condensation. Tous les tests sont conduits
dans un domaine de pression entre 10 kPa et | kPa pour minimiser I'effet de la densité du site de nucléation
sur le transfert thermique. Les données expérimentales montrent de fagon claire que le coefficient de
transfert thermique dépend de la conductivité de la surface. Les coefficients mesurés s’accordent bien avec
les prédictions de Ia théorie de la résistance de constriction. On confirme que le coefficient de transfert
diminue avec la conductivité thermique de la surface a cause de 'augmentation de la résistance de
constriction.

EXPERIMENTELLE BESTATIGUNG DER THEORIE FUR DEN
WARMEUBERGANGSWIDERSTAND BEI DER TROPFENKONDENSATION

Zusammenfassung—Der EinfluB der thermischen Eigenschaften des Wandmaterials auf den Wirme-
{ibergang bei Tropfenkondensation wird experimentell untersucht. Folgende Materialien werden dabei
verwendet : Quarzglas, rostfreier Stahl und Kohlenstoffstahl. Der Wirmeiibergangskoeffizient fiir Wasser-
dampf wird unter Verwendung eines Diinnschichtwiderstandthermometers, welches auf die Konden-
satoroberfliche aufgebracht ist, sehr sorgfiltig und genau bei Driicken zwischen 10 und 1 kPa gemessen.
Die MeBergebnisse zeigen eindeutig, daB der Wirmeiibergangskoeffizient von der Wirmeleitfihigkeit
der Kondensationsfliche abhdngt. Es zeigt sich auBerdem, da8 die Versuchsergebnisse befriedigend mit
berechneten Werten iibereinstimmen, die mit Hilfe einer bereits friither entwickelten Theorie fiir den
bestimmenden Widerstand ermittelt worden sind. Es bestitigt sich, dafl der Warmeiibergangskoeffizient
mit der Wirmeleitfahigkeit der Oberfliche abnimmt. Dies ist auf ein Anwachsen des bestimmenden
Widerstandes zurickzufithren.

SKCITEPUMEHTAJIBHAS TIPOBEPKA TEOPUU COITPOTHUBJIEHHUS CTATMBAHUIO B
VCIIOBUSX TEIUIONEPEHOCA TMPU KATIEJIbHOM KOHAEHCAIIMU

AMBOTaUKA—JKCIIEPAMEHTAILHO HCCIIEIyeTCA BIHSHHE TEIUIOBBIX CBOMCTB MAaTCpHasia KOHIEHCATOpa
Ha TEIUIONEPEHOC MPH KaleJbHOH KOHAEHCAlMH. B kauecTBe KOHAEHCATOpA B3SThl KBAPLEBOE CTEKJO,
HEpPXABEIOINAs M yriepoaucTas cTaib. Menosp3yoTes TOHKOIUICHOTHEIE TEPMOMETPRI CONPOTHBIICKHA,
YCTAHOBJIEHHBIE HA MOBEPXHOCTH KOHIEHCAIMHA. DTO NO3BOJIAET TOYHO ONPEIE/IUTH koaPumeHT TEN-
Toneperoca mapa. C neJbio OLEHKH BJIMSHAS IVIOTHOCTH PACHpE/IeNeHHA 3aPOBILICH Ha TenonepeHoc
BCE 9KCIEPHMEHTDI IPOBOAATCA B HHTEPBANE H3IMEHEHUH 1aBJIeHUs OT 10 xITa no 1 kI1a: IxcnepamMenTa-
JIBbHBIE AAHHBIE CBHETENLCTBYIOT O TOM, YTO Ko3(}ULUHMEHT TEIIONEPeHOca 3aBHCAT OT TEILIOBOH 1po-
BOAMMOCTH TMOBEPXHOCTH. Mi3MepeHHbie 3HaueHus KO3(pulIieHTa TEIUIONCPEHOCA XOPOLIO COracyoTes
¢ pacueTaM¥ Ha OCHOBE paHee pa3paGoTaHHOM TeOPMM CONPOTHBICHHS CTATMBAHUIO. TMoareepxpaercs,
4To KO3(HUUAEHT TEILIONEPEHOCA YMEHBIAETCA C POCTOM TEIUIOBOH TPOBOJMMOCTH MOBEPXHOCTH,
BCJIE/ICTBHE YBEJIMYEHHSA COMPOTHBIICHHS CTATHBAHHIO.



