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A~act-Events occurring during pool boiling of the wide boiling range equimolar ~ntane/tetrad~~e 
mixture on a horizontal tube are described. Due to preferential evaporation of pentane, a film of liquid 
rich in tetradecene builds up on the lower part of the surface and breaks away from time to time causing 
fluctuation in the liquid temperature near the boiling surface. The effect of this phenomenon on heat 
transfer coefficients over a range of heat flwces is discussed. It is shown that the measured heat transfer 
coefficients follow the same trend of variation with heat flux as that predicted by Schliinder. However, it 
is argued that this agreement is fortuitous and that no current prediction method may be used with 

confidence to estimate heat transfer coefficients of wide boiling range mixtures. 

1. iNTRODUCTlON 

THERE remain a number of unresolved problems to be 
solved before it can be said that circulation models 
for design of horizontal reboilers can be relied on 
completely [l-3]. This is particularly true when boiling 
mixtures. Concentration gradients build up near the 
boiling surface due to the greater rate of evaporation 
of the more volatile components, This reduces heat 
transfer rates by reducing bubble growth rates and by 
raising the bubble point at the heating surface above 
the bulk liquid value [4, 51. 

A great deal of work has been done boiling mixtures 
on horizontal tubes in a pool [4-81. This shows gen- 
erally that boiling heat transfer coefficients, a, are less 
than an ‘ideal’.value, alo, based on the molar mean 
value, AT,,, of the pure component wall superheats, 
at the system pressure 

AT,, = XAT, +(l -X)AT, and ~(in = q/AT,,. 

(1) 

The fall in CI reaches a maximum at a bulk liquid 
composition, X,, where the mass diffusion barrier to 
transfer of the more volatile components to the heated 
surface is greatest. This usually occurs where X, cor- 
responds to the greatest difference between dew and 
bubble point temperatures. 

This paper describes pool boiling experiments on 

the equimolar ~ntane/tetrad~ne system at atmo- 
spheric pressure. Selected properties of this system are 
shown in Table 1 and the equilibrium diagram for the 
mixture in Fig. 1. 

The difference between dew and bubble point tem- 
peratures of the equimolar mixture is 161°C so that 
mass diffusion barriers to heat transfer are expected 
to be very high. 

2. APPARATUS 

A diagram of the boiler shell and tube section, 1, is 
shown in Fig. 2. The shell and backplate are brass, 
the tube section is 90 Cu : 10 Ni alloy and the front of 
the boiler is a toughened glass viewing window. The 
tube was machined and its surface reduced to a CIA 
roughness between 0.09 and 0.12 pm with emery cloth. 
Vapour rises into a condenser unit (not shown) which 
is vented to the atmosphere. Condensate is returned 
to the liquid surface, 5. Heating is supplied by a 250 
W cartridge heater, 8, controlled by a variable trans- 
former. Power is measured by a wattmeter. A cross- 
section of the tube and the seal to the backplate, 9, is 
shown in Fig. 2. Use of an insulating viton washer on 
the boiler side of the seal and a gasket at the back, 
together with a thick ve~i~u~te block ensured that 
heat losses direct from the heater through the tube 
wall to the backplate were very low. At the window 
end, a short PTFE sleeve, 7, prevented direct heat loss 
to the glass. 

Heat flux densities between 10 and 50 kW m- * were 
used. At the lowest heat flux, therefore, the power 
supplied to the heater amounted to only 33 W rising 
to 167 W at 50 kW m-*. Although the whole appar- 

Table 1. Properties of the pentaneltetradecene 
system at 1 atm 

GH,, ‘GH,, 

Tb 36 251 
Td - 

:: 
582 741 

0.012 0.023 
103M 0.15 1.00 
A&t 333 - 

t At bubble point of 62°C. 

Equimolar 
mixture 

62 
223 
690 

0.017 
0.45 

- 

2797 
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NOMENCLATURE 
/ 

a liquid thermal diffusivity [m” s ‘1 /L liquid viscosity [N s m ‘1 

& constant of equation (8) P liquid density [kg rn.- I] 

% liquid specific heat [kJ kg _’ K ‘1 g surface tension [N m ‘], 
1) diffusion coefficient fm2 s- ‘1 
Ah, latent heat of vaporization [kf kg- ‘J 
N% defined by equation (3) Subscripts 

P pressure IkN m-‘1 

Y heat flux density ]kW m ‘1 
T temperature [‘C] 
AT wall superheat PC] 
dT/dX slope of bubble point line [“Cl 
x liquid mole fraction of volatile 

component 
Y vapour mole fraction of volatile 

component. 

Greek symbols 
s1 boiling heat transfer coefficient 

[kWm_“K I] 

B, mass transfer coefhcient [m s’ ‘] 

b 
B 
c 
c 
d 
I 
ID 
/ 
S 

T 
w 
I 
7 

boiling pornt 
bulk liquid 
Calus value [I I] 
critical point 
dew point 
interface 
ideal 
liquid 
Schhinder value [ 121 
saturation 
Thome value [9] 
wall 
pcntane 
tctradecene. 

atus was covered with a thick layer of insulation, 
and the 6 mm thick window protected by a 3 mm 
transparent polycarbonate sheet, auxiliary heaters, 2, 
Fig. 2, had to be used to keep the liquid at its bubble 
point. To avoid any interference between convection 
currents generated by these heaters and pool 
conditions, a baffle system, 4, was developed by trial 
and error. This system also helped to avoid any non- 
uniformity of composition developing in the pool. 
That this was the case could easily be checked by the 
absence of refraction effects accompanying density 

Xmole pentane 

Fro. I. Equilibrium diagram of pentanejtetradccene mixture 
at atmospheric pressure. 

gradients in the pool. During steady-state running, 
which usually took about 2 h to achieve, there was no 
boiling on the auxiliary heaters. The steady state was 
maintained by the return of condensate, which was 
practicalIy pure pentane, to the liquid surface. The 
latter was maintained about 65 mm above the top 
surface of the heater. 

Chrome]-alumel thermocouples soldered into the 
tube wall recorded temperatures. Three 0.5 mm over- 
all diameter stainless steel sheathed thermocouples. 6. 
were positioned in the liquid at distances of about 0.5, 
1.5 and 3 mm from the tube wail. Further out in the 
bulk liquid four 1 mm overall diameter thermo- 
couples, 3, of the same type recorded the temperature. 
A port in the backplate, IO, Fig. 2, permitted the 
extraction of samples of bulk liquid for composition 
dete~ination. The thermocouple e.m.f.s were re- 
corded by a data logging system which could record 
temperatures at a rate of about t s ‘. 

Boiling tests on pentane were carried out on the 
same surface, also at 1 atm. 

3. RESULTS 

A series of runs was completed with heat flux den- 
sities. q, between 10 and 50 kW m-*. The results arc 
shown in Fig. 3 and compared with data obtained in 
initial tests boiling pentane. In the figure the wall 
superheat AT is defined to be the difference between 
the wait ten~~rature and the bubble point tem- 
perature of the bulk equimolar mixture. The latter 
was taken to be the mean value measured by the four 
thermocouples, 3, Fig. 2, surrounding the heater. The 
values of cx, defined by the equation 



Instability in pool boiling of a wide boiling mixture on a horizontal tube 2799 

t To condenser 

230 

-cc-- 

14 14 14 14 

Thermocouple positions 

FIG. 2. Experimental boiler and tube section. 

4 = ‘4Tw - Ta) (2) 
varied from 0.42 kW mPZ K-’ at q = 10 kW mm2 to 
just less than 0.75 kW rn-’ K-’ at 50 kW m-* where 
AT reached nearly 70°C. The respective values of 
tin, are 0.68 and 2.03 kW m-* K-‘, considerably 
higher, Fig. 3. 

An estimate of m/am was made using Thome’s equa- 
tion [9] 

(GQ,), = N:A5 (3) 

where the Striven number, Ns,, is defined as 

Nsn = 
l_(y_-x) ($y%)g~ (4) 

For pure pentane boiling on the tube surface at 1 atm 
the data were fitted with an average standard deviation 
of about 1% by the equation 

tl, = o.20q”.6’. (5) 

100 
A Pure pentane 

I I 

1 10 100 

Wall superheat (“C) 

FIG. 3. Boiling curves for pure pentane and equimolar 
pentane/tetradecene mixture. 

Since the normal boiling point of tetradecene was 
above the safe limit for the rig, the Mostinski gener- 
alized correlation [lo] was used to determine its boil- 
ing curve 

a = 0.53 x 10-~p,o.69F(p/p,)qo~7 (6) 

where 

Q/P,) = ~.~(P/P,)~-“+~.~(P/P,)‘~*+~~(P/P,)’~. 

Equation (6) reduces to CI~ = 0.1 lq’.’ for tetra- 
decene and do, = 0.15q”.7 for pentane, at 1 atm. The 
predictions of equation (6) for pentane were between 
12 and 18% lower than the measured values. This 
is within the margin of error expected for such a 
generalized correlation. In what follows, the measured 
pentane boiling data, equation (S), were used in pref- 
erence to equation (6). Table 2 shows the calculated 
values of ~(~6, Striven number and cr/a,,. In the sixth 
row of the table the prediction according to Thome’s 
relation, equation (3), is shown. The corresponding 
values calculated using the equation of Calus and 
Leonidopoulus [ 1 I] 

(a/x& = Ns, (7) 

are shown in the fifth row of Table 2. In determining 

Table 2. a/cc,, vs 4 pentane/tetradecene 
mixture, X, = 0.5, 1 atm 

4 10 30 50 

alD 0.68 1.44 2.03 
JJ% 0.40 0.40 0.40 
c&n 0.59 0.42 0.35 
@./a& 0.40 0.40 0.40 
(a/a& 0.28 0.28 0.28 
@/a&t 0.53 0.42 0.41 

t/I0 = 1.0, fiI = 1.2x 10m4 m s-‘. 
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the experimental value of the ratio (cc/am), CC,,~ was 
based on the bulk liquid mixture composition, 
X = 0.5. 

Similarly, Striven number, liquid and vapour equi- 

librium compositions, the slope of the bubble point 
T-X curve and the properties were calculated at the 
bulk liquid equimolar composition and equilibrium 
bubble point temperature. 

The last row in Table 2 shows (r*/a,o), predicted by 

Schliinder’s equation [ 121 

I’ 
(8) 

In equation (8), the constant B, was set equal to 1, as 
suggested by Schliinder [12]. Since no experimental 

data are available to estimate the mass transfer 
coefficient, jI, for the pentane/tetradecene mixture in 
the present circumstances, the value fl/ = 1.2 x 10 4 
m s-‘, was used here. This combination gave the best 
fit of (a/~(~,,)~ to the experimental results, Table 2. 

4. VISUAL OBSERVATIONS 

An explanation for the extremely low values of heat 
transfer coefficient measured was afforded by visual 

observations. 

4.l.q=50kWm-‘,AT=70”C 

Boiling occurred only on the top half of the tube on 
about 40-50 sites. A stream of small bubbles with 
high frequency of departure emanated from each site. 
Density of sites was greatest in the middle of the 
tube although sites were active over the whole length. 
Looking at the tube from a number of different pos- 
itions, a liquid film could be seen clearly on the bottom 
half. A sketch of the top side view is shown in Fig. 4. 

The film appeared to be about 1 mm thick at the 
bottom of the tube, becoming thinner towards the 

horizontal centre line. Above this it was discon- 
tinuous, being carried up to the top surface in waves 
by the convecting liquid around the tube, Fig. 4. 
Occasionally ripples could be seen at the bottom of 

the tube at the interface between film and bulk liquid. 
Some of the liquid film became detached from the 

tube at regular intervals and was seen to disperse in 
the bulk liquid and disappear. This occurred at about 
3-5 s intervals. Sometimes larger amounts of the film 
broke away from the tube more dramatically, Fig. 4. 
Beneath the film some small bubbles could be seen on 
the surface, apparently on sites rendered inactive by 
the film. None of these bubbles broke through the film 
except at the sides where it was thinnest and covered 
the surface only intermittently. In this position some 
sites became active from time to time. The stream of 

Liquid film 
build up 

l o* . I So . .o= 

(c) . 

Small b;bbles 
in film 

FIG. 4. Unsteady behavioul of rich tetradecene liquid film 

(d) 

around the test tube 

bubbles, rising from the top of the tube, was inclined 

at an angle of about 10” to the vertical. 
There was no evidence from these observations that 

the tubewall temperature varied significantly around 
the circumference of the tube. Continuously moni- 
tored temperatures in the tube wall indicated unsteady 
temperatures in all positions. However, the thermo- 
couple in the liquid, nearest the tube, indicated that 
the liquid temperature there fluctuated by as much as 
17°C Fig. 5. This showed that the film temperature 

10 kWm_’ 

-101 I I I I I I 

10r 30 kW me2 

-101 
0 10 20 30 40 50 60 

Time (s) 

FIG. 5. Fluctuations in liquid temperature close to the wall 
at different heat fluxes. 
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was higher than the bulk value. Apart from this effect 
the measured bulk liquid temperatures were very close 
to the bubble point calculated from the measured 
composition of samples taken from the boiler. 

4.2. q = 30 kW mw2, AT = 50°C 
At 30 kW m-‘, again boiling occurred only on the 

top of the tube, with film occupying the bottom half 
as before. The number of active sites was reduced to 
about 30. Looking from below, the film could be seen 
streaming inte~ttently into the bulk liquid before 
dispersing and rising with it. The fact that the film 
seemed to be thicker towards the bottom of the tube, 
and that on leaving the surface its first motion was 
downward, suggests that it was tetradecene rich. 

Again the bubble stream rising from the tube devi- 
ated from the vertical but the effect was less pro- 
nounced than at q = 50 kW mP2. The peak to peak 
variation in temperature measured by the thermo- 
couple in the liquid nearest the tube was reduced to 
12”C, Fig. 5. 

4.3. q = IO kW m-‘, AT = 25°C 
At this heat flux only about seven boiling sites at 

the top of the tube were active. On boiling sites which 
had been active at the higher heat fluxes small bubbles 
could be seen trapped below the film. The film rose in 
waves to wash the top surface of the tubes suppressing 
all but the most active boiling sites. It broke away 
continually from the surface at either side of the tube. 
The bubble column rose vertically in this case because 
there was little or no circulation of detached film 
around the tube. The thermocouple nearest the tube 
showed a peak to peak fluctuation of about 4”C, 
Fig. 5. 

5. DISCUSSION AND CONCLUSION 

That the events described above could be seen is 
due to composition and density dependence of the 
refractive index of the liquid mixture. No data is avail- 
able for the pentane/~trad~ne mixture apart from 
pure pentane and tetradecene at 2O”C, where the 
respective values of the refractive index are 1.358 and 
1.435. This difference is partly a function of the differ- 
ence in density, Table I, and of the molecules of the 
two liquids. The same must be true of the mixture. 
Thus the interface between two regions of different 
composition at the same density, or of different den- 
sities, at the same composition, can be seen. 

Compared to boiling pentane from the same surface 
the number of active boiling sites is much reduced 

when boiling the equimolar mixture. Because pentane 
is much more volatile than tetradecene the vapour 
produced is practically pure pentane, Fig. 1. This 
causes the build up of a mass diffusion film varying in 
composition from the bulk liquid value to a value 
richer in tetradecene adjacent to the surface. The 
surface tension of tetradecene is about twice that of 
pentane. Therefore, when there is a build up of 

concentration of tetradecene in the pores the wall 
superheat required for nucleation and growth rises. 
Further, the boiling temperature rises and those boil- 
ing sites which are covered by the film are rendered 
less active than if they contained bulk equimolar liquid 
mixture. At the top, where boiling does occur, it is 
noticeable that bubble size leaving the surface is 
smaller than when boiling pure pentane. 

The production of pentane vapour releases tetra- 
decene which feeds the film continuously. The equi- 
molar liquid mixture contains 68% by volume of 
tetradecene. Therefore, the tetradecene rich fihn 
builds up rapidly and, its temperature may then rise 
without further boiling occurring. As a result of this, 
the tendency for its density to rise, as it becomes 
depleted in pentane, is counteracted by the rise in 
temperature which tends to reduce the density. Table 
3 shows the dependence of the density of the pen- 
taneltetradecene system on temperature and com- 
position. It is evident that there is little change in 
density along the bubble point line from the equimolar 
mixture to X = 0.1, a range of about 70°C. The tem- 
perature of the liquid film is not likely to be far from 
its bubble point, so that it has much the same density 
as the surrounding equimolar bulk liquid. This 
explains the tendency for the film to remain on the 
tube wall down to the bottom of the tube rather than 
falling from the downward facing surface below the 
horizontal diameter, as it would if substantially denser 
than the s~rounding liquid. The film and the sur- 
rounding liquid can be distinguished because of the 
difference in refractive index caused by their different 
compositions. Once portions of the film break away 
into the rising bulk liquid, they are carried up readily 
at first because their density is close to that of the 
bulk liquid. As they cool down by contact with the 
surrounding liquid, their density rises. flowever, at 
the same time they are dispersing in the surrounding 
liquid. The proposition that the film and bulk densities 
are of similar magnitude also explains the apparent 
ease with which the rising bulk liquid is able to carry 
the film upwards in waves on the surface. Oscilla~on 
of the film on the surface occasionally uncovers boil- 
ing sites with partially grown bubbles. Temporarily 
these sites become active before again being covered 
by the film. 

The Schliinder correlation [I21 predicts the mea- 
sured trend of reduction of a/&, with increase in q 
very well, Table 3. #I, was set equal to 1.2 x 10m4 m 

Table 3. Density of pentane/tetradecene system at 1 atm 

AT 0 25 50 70 
T”C 62 87 112 132 
X 

0.5 690 
0.3 714 696 (82°C) 
0.2 724 704 694 (102°C) 
0.1 733 714 694 
0 

675 (138°C) 
741 723 712 689 
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s ’ so that the predicted values agree with the 
measurementsatq=30kWm~‘.Atq= 10kWm ’ 
the prediction is 10% lower than the measurement 
and 17% higher at q = 50 kW m--l. Both the Thome 
[9] and Calus and Leonidopoulus [ 111 predictions 
contain no provision for variation with heat flux. The 
latter prediction is 32% lower than the measurements 
at q = 10 kW m ’ but only 14% higher at q = 50 kW 

m ‘. The corresponding discrepancies of the Thome 
values from the measurements are 53 and 20% lower. 

It is important to realize that the three correlations 
referred to above are based on the assumption that 

the number of nucleation sites active when boiling a 
mixture is the molar mean value of the pure liquid 

component boiling points at the same pressure. The 
experimental observations set out above, however. 
suggest that the number of nucleation sites active 
when boiling the pentane/tetradecene mixture is very 
much lower than this. Indeed, on a large part of the 
surface no boiling at all takes place. At first sight. 
therefore, it seems surprising that the measured heat 
transfer coefficients are higher than predicted. For 
example. at q = 50 kW rn- ’ boiling occurred on about 

half of the tube. Therefore, if convection on the bot- 
tom half is ignored, the ‘true’ heat transfer coefficient 
on the half of the tube which is boiling is doubled. This 
makes it even higher than the predictions. Howcvcr. at 
the wall superheat of 70°C obtained, convective heat 

transfer will be high, especially the enthalpy flux from 
the surface which accompanies the shedding of tetra- 
decene rich film into the bulk liquid. 

At the low average heat transfer coefficients on the 
tube it is possible that these modes of convection 
account for a greater heat flux density than exists on 
the area of the surface on which boiling does occur. 
If this were the case, the ‘true’ boiling heat transfer 
coellicient at the top of the tube would be lower than 

the overall measured value based on equation (2), 
bringing it closer to the predicted values. However, 
the correlations are largely untested at the levels 01 
wall superheat required to sustain the heat flux dcn- 
sities of the tests. The comparisons with measured 
data suggest that they should not be used in their 
present form for very wide boiling mixtures and high 

wall superheats. This statement is made despite the 
apparently good agreement between the Schliinder 
prediction and the measurements. 

In modelling mixture boiling, two heat transfer 

resistances are assumed to occur in series [ 121. At the 
interface ‘ideal’ boiling takes place with temperature 
diflerence. (Tw - T,), without mass transfer resist- 
ance. Mass transfer resistance to heat transfer is 
assumed to occur between interface and bulk liquid 
with temperature difference (r, - r,). It is logical 
therefore to use the interface molt fraction when cal- 
culating AT,, and hence a,,, [12]. 

This mole fraction is unknown unless the bubble 
growth conditions are known. All three prediction 
methods used here contain approximations to remedy 
this. The main ones are that the difference between 

vapour and liquid equilibrium mole fractions is the 
same at the interface as in the bulk and that the slope 
of the bubble point line at the bulk composition is not 
too different from that at the interface composition. 
A glance at Fig. 1 shows that neither of these approxi- 
mations is true for the wide boiling range pen- 
tane/tetradecene mixture. Consider the extreme cast 
of about 70 C wall superheat at q = 50 kW m ‘. In 

early asymptotic growth at least, growing bubbles will 
be surrounded with liquid near this temperature. 
These ‘interface’ values of ( Y-X) and d’c/dXare 0.90 

and - 17’ C compared to 0.5 and -83 C at the bulk 
equilibrium state. To this difficulty is added the 
inability of the predictions to allow for gross differ- 

ences between the number of nucleation sites active 
when boiling the mixture and its pure componenti. 
Therefore. the relatively close agreement between 

experiment and theory for the cquimolar penlane 
tetradeccne mixture is considered by the authors 11) 
be fortuitous. 

The phenomena described above must have some 
bearing on the design of multitubc boilers evaporating 
wide boiling mixtures. Clearly the strong scouring 
effect of the rising two-phase mixture will tend to 
reduce the thickness of the film which can build up 

before breakaway occurs. The relative wetting charac- 
teristics of the components at either end of the boiling 
range are clearly important. If the surpdce is pre- 
ferentially wetted by a high boiling point component 
the effect could control boiling side heat transfer. 

The use of enhanced surfaces under such conditions 
may be less effective than expected. Enhancement will 
only be an advantage if it is so great that the agitation 
due to growing and departing bubbles is sufficient to 
prevent build up of film on the boiling surface. Indeed 
in sonic cases the vapour trapped in manufactured 
pores on the surface, which form the nuclei for boiling. 
can bc entirely replaced by the high boiling poinl 

liquid. The enhanced surfaces would then be no more 
effective than the plain ones they replace. 
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INSTABILITE DANS L’EBULLITION EN RESERVOIR DUN MELANGE A LARGE 
DOMAINE D’EBULLITION 

Resume-On decrit des faits qui apparaissent pendant l’ebullition en reservoir d’un melange Cquimolaire 
pentane-tetradicene sur un tube horizontal pour un large domaine d’ebullition. A cause dune evaporation 
preferentielle du pentane, un film de liquide riche en t&trade&e se forme sur la partie inferieure de la 
surface et se brise en s’eloignant de temps a autre en causant une fluctuation de temperature du liquide 
pres de la surface, L’effet de ce phtnomene sur les coefficients de transfert est discute pour un large domaine 
de flux thermiques. On montre que les coefficients de transfert mesures suivent le m&me type de variation 
avec le flux thermique comme cela est prtdit par Schhinder. Ntanmoins cet accord est fortuit et il n’y a 
pas de mbthode de prediction utilisable avec confiance pour estimer les coefficients de transfert thermique 

pour des melanges a large domaine d’ebullition. 

INSTABILITAT BEIM BEHALTERSIEDEN EINES WEITSIEDENDEN GEMISCHES AN 
EINEM WAAGERECHTEN ROHR 

Zusammenfaasung-Es wird iiber Beobachtungen beim Behlltersieden des weitsiedenden lquimolaren 
Gemisches aus Pentan und Tetradekan an einem waagerechten Rohr berichtet. Aufgrund der bevorzugten 
Verdampfung von Pentan entsteht am unteren Teil der Oberflache ein Fliissigkeitsfilm mit erhohtem 
Tetradekan-Gehalt, der von Zeit zu Zeit aufbricht und dadurch Fluktuationen der Fhissigkeitstemperatur 
nahe der Siedeobertlache verursacht. Der Einflulj dieses Phlnomens auf die Warmeiibergangskoeffizienten 
wird in einem gewissen Bereich der Warmestromdichte untersucht. Dabei zeigt sich, da13 der EinfluB der 
Wlrmestromdichte auf die gemessenen Warmeiibergangskoeffizienten qualitativ mit den Voraussagen von 
Schliinder iibereinstimmt. Dennoch wird vermutet, da13 diese Ubereinstimmung eher zufallig ist und da8 es 
kein glngiges Berechnungsverfahren gibt, mit dessen Hilfe Wlrmeiibergangskoeffizienten fur weitsiedende 

Gemische zuverlassig abgeschatzt werden kiinnen. 

HEYCTO@IHBOCTb HPH KHHEHRH B EOJIbIIIOM 06’bEME CMECki HA 
l-OPkl3OHTAJIbHO~ TPYEE 

AEIIOTU@UF-O~~~C~I~IOTCSI npoueCCb~, npowxonnruue npw KHneHnH B 6onbluoM o6beMe ~KBHMOJTBP- 

iioii chteczf nenran-rerpaneumi Ha ropri30rrranbnoii rpy6e B mrrpo~or.4 flnana3one rr3Menemrx penor~- 
HMX napahferpoa. 6naronapr npeo6nnanaromehty ricnapemiro nenrana B HrrXneti Yacrri noeepxnocrs 
o6pa3yercn rrnerma moinrcocrri c 6onbmriM ConepruaeaeM rerpanemrna, uoropan nepno~recwr cpbr- 
BWTCK N ~b13b1naeT 4nyKTyawm TeMnepaTypu winKoC~~ y noeepxaocre KHneHu. 06cywaeTca 

BnnffHHe 3~0ro KnneHHK Ha Ko3++iqsieHTb1 TennonepeHoca B mzcne~yeMob4 AHTepeane H3MeHeHHfl Ten- 

nonoro noToga. IIoKa3a110, STO 3KcnepnhseHTanbHo HatiefiHble K03@siwefiT6I TennonepeHoca 

U3MCHRH)TCR B 3BBHCHMOCTSi OT TellJIOBOrO IIOTOKB B COOTBeTCEiBHH C tIpeLVXa3aHHIiMH mJIIoHflepa. 
BbIcKa3bIBaeTCK npennonoateHue, sT0 nonysemroe cornacrie nnnnerca cnylailrrbrhr w CyU&CTByIOwe 
MCTOAbI OnpeneJIeHHI He MOr)rr EiCnOJlb30BaTbCX C YBepHHOCTbH) WJI 09eHKH K03@#lHUHeHTOB TelLnO- 


