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HEAT TRANSFER CHARACTERISTICS OF 
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Abstract--This paper presents heat-transfer characteristics of evaporation of a single droplet of pure water 
placed on smooth surfaces of copper, brass, carbon steel and stainless steel at temperature ranging from 80 to 
450°C. From time-dependent measurements of surface temperature just below the droplet and those of 
change in geometrical shape of droplet, we can obtain the time-averaged heat flux q and the surface 
temperature T,.,. The heat-transfer characteristics are analysed by correlating the heat flux y with AT& = 7;,., 
- T,,,. From this boiling curve. it is found that the present data in the nucleate boiling region come on a 

cert&tiline parallel to the nucleate pool boiling curve for thin water film, no matter what materials are used 

for heated plate, while in the film boiling region, the theoretical curve derived by Baumeister et nl. does not 
always agree with the present data. And new formulae are presented for predicting more well the film boiling 

curve. The transition boil&g is also disctksed 

NOMENCLATURE 

projected base area of droplet [m’] ; 
time-averaged projected base area of 
droplet [m”] ; 
diameter of droplet at any time Cm] ; 
initial diameter of droplet [m] ; 
latent heat of vaporization [J/kg] ; 
enthalpy difference between initial 
droplet and of saturated water [J/kg] ; 
reduced latent heat of vaporization [J/kg] 

L* = L[ 1 + (7;2O)c,,(A+Z&‘L)] - 3 ; 
temperature I;,, at the b&ginning of bubble 
formation [“Cl ; 
temperature T,., having the maximum 
evaporation time, i.e. Leidenfrost 

temperature [“Cl ; 
temperature ‘&,, having the minimum 
evaporation time [“Cl ; 
saturation temperature [“Cl ; 
surface temperature just below droplet at 
any time [“Cl ; 
initial surface temperature [“Cl ; 
time-averaged surface temperature PC] ; 
liquid temperature of droplet [“Cl ; 
= r,.-r,.[K], 
maximum temperature difference between 

T,., and T,. [K] ; 
= Tw, - T,, [K] ; 
heat required to evaporate completely one 

droplet [J] ; 
volume of droplet at any time [m3] ; 
initial volume of droplet [m”]; 
function of T,.,, in equation (5); 
specific isobaric heat capacity of 
steam [J/(kg K )] ; 
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acceleration of gravity [m/s21 ; 
function of Two, in equation (5); 
time-averaged heat flux [W/m’] ; 
time [s] ; 
reversed time, its origin is the time 
when the droplet just disappears [s]. 

Greek symbols 

heat-transfer coefficient between surface 
and droplet at any time [W/(m* . K)] ; 
time-averaged a [IW/(m” . K)] ; 
thickness of thin water film [m] ; 
thermal diffusivity of surface material 

[m2/s] ; 
thermal conductivity of surface material 

[Wi(m Kll ; 
thermal conductivity of steam [W/(m . K)] ; 
viscosity of steam [Pa. s] ; 
density of pure water [kg/m31 ; 
density of steam [kg/m”] ; 
total evaporation time [s]. 

INTRODUCTION 

THE INFORMATION on the heat-transfer characteristics 
of a liquid droplet on a heated surface is currently 

important in safety considerations of various types of 
reactors. At the present time, there are many works 
related to the evaporation of a single droplet. But the 
most works are concerned with the “Leidenfrost 

point” and/or with the temperature range higher than 
that point. In this temperature range, many analytical 
models from a small droplet to a larger one are 

presented with various assumptions. They derive 
theoretical or semi-empirical equations to calculate 
the heat-transfer characteristics of the droplet, such as 
evaporation times and coefficients of heat transfer and 
so on [l-3,12]. Those calcutatcd values do not always 
agree with experimental data, as will be shown later. 
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* carbon steel 
l stainless steel 

FIG. I. Total evaporation time r vs 7;,.,. 

Baumeister rt al. [4] presented the pl-ediction 
technique of “Leidenfrost point” by considering effects 
of the critical temperature of the liquid, thermal 
properties of the solid, surface energy of the liquid, and 
surface energy of the solid. But considerable differences 
exist between those predicted “Leidenfrost point” and 
the experimental data obtained by many research 
workers. And other investigators [5, 61 discussed 

about the dynamic instability of droplet. 
Recently Emmerson [7] conducted an experimental 

study, dealing with effects of pressure and surface 
material on the “Leidenfrost temperature, TP,” and the 
temperature range over it. It is full of interest that he 
paid as much attention to the wettabitity and thermal 
diffusivity of surfaces as to heat-transfer characteristics 
of a droplet. On the other hand, there are few works in 
the temperature range lower than Tr point. In this 
temper~~ture range only Hiroyasu et trl. [_‘I in- 
vestigated the evaporation of droplet of various li- 

quids 
To find out experimentally the heat-transfer charac- 

teristics of a droplet, we must conduct time-dependent 
measurements of the projected base area A of a droplet 

and of the surface temperature 7;) just below it and the 
liquid temperature TI. within it. The projected base 
area .A. and volume of droplet were measured in the 
temperature range higher than TP by Gottfried et ui. 
[l] and Wachters ct ul. [12], respectively. Measure- 
ments of the surface temperature T,V were conducted 
[S, 91, using the surface made of stainless steel together 
with various organic Liquids as well as water. The 
former used the chromel-alumel thermocouple of 
50 urn dia and the latter the resistance thermometer of 
thin film nickel. No measurement of liquid tempera- 
ture TI. of a droplet has ever been made. 

When a single pure droplet having the same size is 
settled on a heated surface, the total evaporation time z 
of a droplet, arranging it with the initial surface 
temperature T,,, varies mainly with the materials and 
conditions of the surfaces. In case of different surface 

materials and the same surface treatmeilt, one example 
of the present experimental results of total evaporation 
time T is shown in Fig. 1. It shows that the evaporation 

time 7 is considerably affected by the surface materials 
in the range lower than r,, while it is not different in the 
range higher than TF temperature, which has relations 
to the thermal diffusivities of each surface material as 
shown in Fig. 2. In Fig. 1, the theoretical curve of 
Baumeister et uI. [2], which can be calculated taking 
into account the change in volume of droplet, is also 
drawn. It can be seen that the theory does not always 
agree with the experimental data, as already men- 
tioned, 

This paper presents the heat-transfer characteristics 
of evaporation of a small droplet of pure water settled 
on the various heated plates (materials: copper, brass, 
carbon steel and stainless steel) at the initial surface 
temperature T,., ranging from 8O-450°C. The initial 
temperature of dropiet is about 20°C. Two ther- 
mocouples are made use of for the time-dependent 

“E 

carbon steel 

I I 1 1 I 

100 200 
rr OC 300 

400 

FIG. 2. Thermal diffusivity of plate vs Leidenfrost tempera- 
ture. 
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FIG. 3. Schematic diagram of apparatus: a, heated surface; b, hypodermic syringe; c, variac; d, cold 
junction; e, digital-volt-meter: f, strobo-scope; g, heating unit; h, strobo-streak camera or 8 mm cine- 
camera; i, glass; j, dual-beam synchroscope; k, water tank; 1, 25 urn diameter thermocouple ; m, 0.3 mm 

diameter thermocouple. 

measurements ofsurface temperature T,,just below the 
droplet and of liquid temperature Tr, within the 
droplet. Change in geometrical shape of a droplet on 
the heated plate is recorded by strobo-streak camera 
and 8 mm tine-camera. From these measurements we 
can calculate the time-averaged heat flux q and the 
time-averaged surface temperature T,,S, and then we 
discuss the so-called boiling curve of a single droplet 
on the heated plate. To the authors’knowledge, such a 
boiling curve has not yet been obtained. 

EXPERI~ENT.4L APPARATUS AND PROCEDURE 

In the range of temperature T,, less than T, we use a 
droplet of water of 3.29mm dia and four plates of 
various materials (copper, brass, carbon steel and 
stainless steel). These plates, having the same size of 
50 mm dia and 20 mm thickness, are engraved with a 
very small groove on the surface from the edge to the 
center. In this groove a 0.3mm dia chromel-alume1 
sheath type thermocouple is buried with solder. The 
surface soldered along the groove is planed and 
finished until the sheath of the thermocouple is almost 
bared. At room temperature the whole surface of the 
plate is polished with chrome oxide to a mirror finish 
and then carefully cleaned by benzene. The surface 
thus treated is used for heat-transfer experiments at 
any temperature Tk.O, which are conducted stepwise 
from room temperature to higher temperature, which 
is called UP, and thereafter are conducted again 
stepwise from that high temperature to room tempera- 
ture, which is called DOWN. In such a way, the surface 
is rusted slowly, and the wettability increases. 

In the range of temperature T,, higher than TF, in 
order to study effects of the initial droplet size D, on 
the heat-transfer characteristics, we use four initial 
droplet sizes, 2.54,2.78,2.86 and 3.29 mm dia, and two 
plates made of copper and brass, because in this 
temperature range the evaporation time is inde- 
pendent of the surface materials as shown in Fig. 1. The 
two plates have the same size, 150mm in dia and 
20mm in thickness, and those surfaces are slightly 
concaved so that a droplet may not spill off. 

The experimental apparatus is shown schemati~alIy 
in Fig. 3. A droplet is deposited softly from the 
hypodermic syringe (b) to the heated plate (a). The 
time duration until the droplet disappears after it 

touched the plate, i.e. the evaporation time t of droplet, 
is measured by a stop watch. At the same time, the 
evaporating droplet is photographed by the strobo- 
streak camera (h) under the light of strobo-scope (f) 
and by 8mm tine-camera (h). From these photo- 
graphs we can obtain the change in the projected base 
area A of droplet. Of course, the droplet adheres to or 
floats over the surface according to the surface tem- 
perature T,,. In order to measure the surface tempera- 
ture T, just below the evaporating droplet, we use the 
0.3 mm dia chromel-aIu~ne1 sheath type thermocouple 
(m), as mentioned before. The liquid temperature T, of 
droplet is measured with a 25 urn dia chrome&alumel 
bare type thermocouple (1), fastened at the tip of a bar, 
the hot junction of which is set up about 0.1 mm over 
that for T,-measurement. The droplet falls so as to pass 
through these two hot junctions. The signals from 
these two thermocouples, T, and TL, are led to the 
dual-beam synchroscope (j). To measure the tempera- 
ture TWO, we use two additional thermocouples, and we 
adopt the mean temperature of the two as T,,. The 
temperature T,,, ranges from 80-450°C in the present 
experiment. 

RESULTS AND DISCUSSJON 

The heat required to evaporate one droplet, Q, is 
given ‘vy equation (1) 

Q = WWb(~+kJ (1) 
If the initial diameter D, and temperature of the 

droplet are fixed, Q is kept constant. On the other 
hand, Q is expressed by equation (2), 

aATAdt. (2) 

The time-averaged heat tIux (I of the evaporating 
droplet may be expressed by equation (3), 

where 

s 

I 
Adr 

0 

is the time-integration of the projected base area A of 
the droplet during its life-time, and it can be obtained 
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FIG. 4. Effects of the surface condition of copper plate: (a) 
total evaporation time; (b) time-averaged heat flux. 

experimentally as mentioned before. The following 
expression can be written, 

I’ 
A dt = ‘4~. (4) 

0 

1.1. @ixts of’.su$~e conditions. Figure 4(a) shows 
the evaporation curve, 7 vs T,,, for the copper plate 
and Fig. 5(a) shows that for the carbon steel plate. 
These figures show that in the case of UP the 
evaporation time 7 is longer than in the case of DOWN 
at fixed value of T,.,. These differences of 5 may be due 
to the wettability of oxidized film on the surface, which 
governs the time-averaged projected base area .A. 
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FIG. 5. Effects of the surface condition of carbon steel plate: 
(a) total evaporation time; (b) time-averaged heat flux. 

Hence, if we correlate the time-averaged heat flux y 
expressed by equations (3) and (4) with the surface 
temperature TM,,,, two curves for UP and DOWN agree 
well as shown in Figs. 4(b) and 5(b). Since this fact is 
recognized for each of four materials of the plates, the 
diagrams of y vs T,,, are shown in Fig. 6 without 
distinction of UP and DOWN. The appearances of the 
evaporating droplet are illustrated also in this figure, 
from which it can be seen that the same appearances 
take place in the range of the same time-averaged heat 
flux q for any plate materials. 

1.2. Changes it? T, unn T,. with time. Figure 7 shows 
examples of changes in ?;V and r,, with time obtained 
by using the dual-beam synchroscope, in which (a) is 
the case of the brass plate, UP, TV0 = 155”C, and (b) is 
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‘04050 

7-m T 
FIG. 6. Time-averaged heat flux vs initial surface temperature 
for four plate materials: (I ) copper; (2) brass; (3) carbon 

steel: (4) stainless steel. 

IO 

(a) (b) 

FIG. 7. Changes in TX, and 7; with time obtained by dual- 
beam synchroscope: (a) brass plate, UP, TM,,, = 155°C; (b) 

carbon steel, DOWN, r,., = 185°C. 

the carbon steel plate, DOWN, T,, = 185°C. The 
surface temperature T,, just below the dropIet falls 
considerably immediately after the droplet touched 
the surface, and then it is kept at almost constant 
temperature until the droplet disappears on the sur- 
face, regardless of the material of the plate. On the 
other hand, the water temperature T’ of droplet rises, 
and then it is kept at almost constant temperature, 
which is nearly equal to the saturation temperature 

L,. 
The more the thermal diffusivity of the plate ma- 

terial is, the less the temperature drop, ATdn+,. When 
7;,., is lower than T,, ATdrop is nearly constant regard- 
less of T,.,. This corresponds to the non-boiling region. 
When T’,., is between T8 and TM, AL&,increases with 
increasing T.,,,. This corresponds to the nucleate 
boiling region. If 7’,,,, is higher than TM, A7& takes 
nearly the same values as the maximum value in the 
former temperature range. This corresponds to the 
transition boiling and film boiling region. 

(a) 

(b) 

T 

FIG. 8. Schematic diagram ofchange in 7;,, with time: (a) T,,, 

2 T,; (b) G < r,,., < r,; (c) T\1 $ r,.,. 

Such changes of T,, are summarized in Figs. 8(a)-(c). 
If we subtract the value, that is calculated by dividing 
the hatched area in Fig. 8 by the evaporation time r, 

from TN,,,, we can obtain the surface temperature T,.,. 
Correlating the time-averaged heat flux y with the 

surface temperature T,,, in place of the initial surface 
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FIG. 9. Time-averaged heat flux y vs 7;,,, for four plate 

materials. 

temperature T,,, in Fig. 6, we can obtain Fig. 9. This 
shows that the whole data for the various plate 
materials coincide very well. Consequently, Fig. 9 
presents the heat-transfer characteristics of a single 
water droplet of 3.29mm dia, independently of the 
surface conditions and surface materials. 

HMT Vol. 21. No. 5-F 
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FIG. 10. Instantaneous diameter of droplet obtained from photographs vs reversed time. 

2. In the runye ?f‘T,.,” > TF 

The instantaneous diameters of droplet taken from 
the photographs are presented for two cases, i.e. 7”, is 
450 and 2OO”C, in Fig. 10. In this figure the time t* is 
reversed to the normal one, i.e. its origin is the time 
when the droplet just disappeared. Changes in dia- 
meter are almost independent of the initial droplet 
diameter, but they are influenced mainly by T,,,. Then 
we may write the relations between the diameter of 
droplet D at any time and the reversed time t* such as 

equation (5), 
D = &*1/n (5) 

where a and II are functions of T,,,,. Substituting 
equation (5) into equation (4), we can obtain the time- 
averaged projected base area ,? by the calculation, 

it= 
r’ 

A dt*/t = (7114) 
1 

’ D2dt*/r 
.O 0 

= (n/4) [)I/@ + 2)lD; (6) 

where A/D; = (71/4) {n/(n + 2)) is independent of the 
initial droplet diameter Do. 

1.0 I ,,I,,, I 1 I I 1 . 
_ Do o 3.29 mm diameter 

0 2.86 

Q 2.78 
0.5 - l 2.54 

~____________ 

o.li, ,,,,,, , , , ,,j 
50 100 500 

A Tsar K 

FIG. 1 I. Relations between A/D: obtained from the data and 

AL. 

ATsot K 

FIG. 12. Time-averaged heat flux y vs AT& for four different 
initial diameters D,. 

The relation between A/D; obtained from the data 
and AT,,, (= T,ot - T,,,) is shown in Fig. 11, where the 
calculated values for n = 2 and n = I in equation (6) 
are also shown. It can be seen that II exists between 1 
and 2, and n is close to 1 for low AT,,,but it approaches 

2 for higher AT,,,. 
On the other hand, the time-averaged heat flux q 

obtained from the data with equations (3) and (4) is 
correlated with AT,;,, in Fig. 12, which intimates that 
the relation between q and AT,,, is almost inde- 
pendent of the initial droplet diam&r Do. But the data 
of qfor Do = 2.54 mm are somewhat high. This causeis 
under investigation. 

3. Boiling curve 

According to the correlation technique mentioned 
before, we can get the heat-transfer characteristics of a 

t In this temperature range, since T, changes as shown in 
Fig. 8(c), T,., is nearly equal to TV,-,. 
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FIG. 13. Boiling curve of a single water droplet of D, 
= 3.19 mm. 

single water droplet of 3.29 mm dia for various surface 
materials of heated plates in the whole temperature 
range in the present experimental study. The results 
are shown in Fig. 13. This is the so-called boiling curve. 

In the nucleate boiling region the present data 
provide a straight line parallel to the nucleate pool 
boiling curve for thin water film of 1 mm thickness on a 
heated plate of wide area [ll, 131, no matter what 
materials are used for heated plate and no matter how 
the surface conditions are made. The reason why the 
present data are located above the nucleate pool 
boiling curve for thin water film may be due to the 
violent nucleate boiling in a very small domain of 
which appearances have already been illustrated in 
Fig. 6. 

In the transition boiling region, the data may be 
correlated with the same technique as other boiling 
regions. We deal with two cases of copper and stainless 
steel plates, because the former has the maximum 
thermal diffusivity and the latter the minimum in the 
present experiments. The curve for the stainless steel 
plate deviates to the higher AK:,;,, range than for the 
copper plate. 

In the film boiling region, the relations of q vs AT,,, 
are the same as those presented in Fig. 12. But as 
shown in Fig. 13, A7&, at the 7,; point is dependent on 
the surface materials. The higher the thermal diffu- 
sivity of the plate, the lower the AT,.,, at the 7, point, as 
already shown in Fig. 2. Therefore, we get the two 
ditferent curves for copper and stainless steel in the 
transition boiling region, but only one curve in the film 
boiling region regardless of surface materials and 
surface conditions by virtue of floating of droplet over 
the surface. 

According to the theory of Baumeister et al. [Z], the 
heat-transfer coefficient IY at any time defined by the 

projected base area A of droplet in the film boiling 
region is given by 

On the other hand, the following expression can be 

derived from the heat balance, 

-pLg = c((I’)A(I’)AT,,, (8) 

where V is the volume of droplet at any time. 
Integration of this equation gives the total evaporation 
time z as follows : 

PL ’ /it> ‘I4 
T= 

( 
-- 

1.1 x 1.813 i.,3pp,L,*g 1 

X A?;, 
3;4 x ‘2 v5112 

cj 0 . 19) 

The time-averaged heat-transfer coefficient & can be 

calculated by 

together with equations (7) and (8), and hence it gives 

the time-averaged heat flux q, 

1.5 pL 
4 = ctAG,t = T x 1.813 x 3 x I”‘3 0 flu 

where t is given by equation (9). 
The relationship of q vs AT,,, thus obtained is also 

shown in Fig. 13. The present experimental data do not 

always agree with the theory in the film boiling region. 
This corresponds to the differences between equation 
(9) and the present data which are shown in the 
diagram of 7 vs TWO of Fig. 1. 

On the other hand, the time-averaged projected base 

area A is given by equation (6), and the total evap- 
oration time t can be expressed, according to the 
present experimental data, in the film boiling region 

by> 

z = 6.25 x 10” x D,exp( -0.002870&,) (12) 

which is shown in Fig. 1. Since q = Q/(AT), we can get 
the relationship between 4 and A&,. Figure 13 also 
indicates this relationship which satisfies the present 
data in the film boiling region if the value of parameter 
n is l-2, as already pointed out in Fig. 11, 

CONCLUSION 

The heat-transfer characteristics of a single droplet 
of pure water which is placed on smooth surfaces of 
four plate materials at temperature ranging from 
80-450°C are summarized by analysing the so-called 
boiling curve (y vs ATa1 diagram, Fig. 13) as follows: 

(1) In the nucleate boiling region, the present data 
provide a straight line parallel to the nucleate pool 
boiling curve for thin water film, no matter what 
material is used for heated plate and no matter how 
surface conditions are made. 
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(2) In the transition boiling region, the curve for the 
stainless steel plate comes to higher AT,,, than for the 
copper plate, corresponding to the fact that the higher 

the thermal diffusivity of the plate, the lower the 
Leidenfrost point TF, as shown in Fig. 2. 

(3) In the film boiling region, the present data 
provide a certain curve which does not always agree 
with the theoretical curve derived by Baumeister et al. 
On the other hand, the total evaporation time t and 
the time-averaged projected base area of droplet ,;i can 
be expressed by equations (12) and (6) respectively. 
The time-averaged heat flux q derived from these 
equations satisfies quite well the present film boiling 

curve in the whole range of temperature. 
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CARACTERISTIQUES DU TRANSFERT THERMIQUE PAR EVAPORATION 
DUNE GOUTTE SUR DES SURFACES CHAUDES 

R&m&Cet article presente les caracteristiques du transfert thermique par evaporation d’une goutte 
unique d’eau pure placee sur des surfaces lisses et chauffees de cuivre, de laiton, d’acier au carbone et 
d’acier inoxydable a des temperatures allant de 80 a 450°C. A partir de mesures instantanees de la 
temperature de la surface juste sous la goutte et de la variation de la forme de la goutte. sont obtenus le 
flux thermique moyen 4 et la temperature r,, de la surface. On analyse le transfert thermique en reliant 
le flux 4 a AT_;,, = T,, - Tsd,. De cette courbe d’ebullition, on deduit que les resultats obtenus dans la 
region d’ebullition nucltte en reservoir se placent sur une certaine ligne parallele a la courbe d’ebullition 
nucltte pour un film mince d’eau, indtpendamment du mattriau de la surface chaude. tandis que dans la 
region de I’ebullition en film, la courbe theorique de Baumeister et al. ne s’accorde pas toujours avec les 
presents resultats. De nouvelles formules sont present&es pour mieux approcher la courbe d’ebullition en 

film. On discute aussi I’ebullition de transttion. 

W.&RMEiiBERGANGSKOEFFIZlENTEN BEI DER VERDAMPFUNG 
EINES FLUSSIGKEITSTROPFENS AUF BEHEIZTEN OBERFLACHEN 

Zusammenfassung-In diesem Bericht werden Warmeiibergangskoeffizienten bei der Verdampfung eines 
Einzeltropfens aus reinem Wasser auf einer glatten Oberflache aus Kupfer, Messing, Kohlenstoffstahl 
und rostfreiem Stahl fur einen Temperaturbereich von 8o’C bis 450°C angegeben. Aus zeitabhangigen 
Messungen der Oberflrichentemperatur genau unter dem Tropfen und der linderung der geometrischen 
Gestalt des Tropfens erhalt man den zeitlichen Mittelwert des Warmestroms 4 und die Oberfllchentem- 
peratur T,,. Die Berechnung der Warmeiibergangs-koeffizienten erfolgt iiber die Korrelation des Warmes- 
troms 4 mit AT,,, = T,,- T,,. Diese Siedekurve zeigt, daB die vorliegenden MeBergebnisse im Bereich des 
Blasensiedens in gewisser Weise parallel zur Kurve fiir das Behalterblasensieden bei diinnem Wasserfilm 
liegen. Dagegen stimmt im Bereich des Filmsiedens die von Baumeister u.a. theoretisch abgeleitete Kurve 
nicht immer mit den gewonnenen MeBergebnissen iiberein. Zur besseren Vorhersage der Kurve fur das 

Filmsieden werden neue Formeln angeben. Das Ubergangssieden wird ebenfalls behandelt. 
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TE~~OO~MEHHbIE XAPAKTEP~~~K~ ~C~APEH~~ KAI-IJW ~M~KOCT%l 
HA HAF’PETblX I-IOBEPXHOCTRX 

~OTB,,"R-~pHBOflRTCR TelUI006MeHHble XapaKTepACTHKH MCnapeHAR eJUlHWiHOii KanJIA WiCTOti 

Bonbr Ha rnanKux noBepxaocTnx ~3 Menu,naTyHM,ymeponrrcroR H HepmaeemmeB cTanw B Awana- 

30He TeMtIepaTypOT 80°C it0 450°C. AaHHble 06 ~3MeHeH~~BOB~MeH~Te~~epaTypblnOBepXHOCT~ 
He~~~~~BeHHO~O~Ka~neii~ieOMeTpU~eCKO8(t)OPMbIKa~~~~O3BO~~loT nOnyqUTbOCpeAHe~Hb1~ 

n0 BpeMeHI4 TenJIOBOii nOTOK q II TeMnepaTypy llOBepXHOCTA T,,.,. Awanu3 TeIUiOO6MeHHblX 

XapaKTepAcTHK npoBonuTcR nyTeM Koppennwie TennOBOrO nOTOKa y c AT,,,= T,,- T,,,. nony- 
YeHHaSI KpHBart KAneHAIl IIOKaSblBaeT,YTO AaHHbIe HZiCTOnLUeir pa60Tbr,CHRTble B o6nacw ny3blpb- 

KoBoro KWneHHs, noxal-ca Ha IIRHHH), napanneflbHy80 ~psfeo& ny3bipbKoBoro wine:HMs TOHKO& 

BOARHOk ImeHKU He3aB~C~MO OT MaTepFiaJEa nOBepXHOCT~ Hal-peB?a, B TO BpeMS K;LK B o6nacirr 
nJIeHo~HofoKHneHUIlTeopeTIlrecKaRKplIsas, nonyreHHasr~ayMaRcTepoM5iAp.,HeBcernacoBnaAaeT 

CnO~yYeHHbIM~BHaCTOllme~pa6oTeA~HHblM~.~peACTaB~~HbIHOBbIe~OpMy~b1A~R 6onee TO'IHOI-0 
pacytTa KpueoZi nneHowior0 KimewiR. PaccMaTpwaeTcn TaKxe A nepexoAHblA pemuiv KHneHmI. 


