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Abstract-The heat-transfer characteristics of two-phase film boiling of nitrogen in tubes with tape- 
generated swirl flow are described. The swirl flow substantially augments the heat transfer and minimizes 
the thermal non-equilibrium, which is responsible for the relatively poor performance of boilers without 
twisted-tape inserts. Assuming thermal equilibrium, it is possible to formulate a relatively simple super- 
position correlation for both evaporation and superheat regions of the once-through boiler. The correlation 

gives good prediction of wall temperatures along the tube for the entire range of test conditions. 

NOMENCLATURE 

surface area based on inside diameter 
of tube ; 
free flow area; 
radial acceleration in swirl flow given 
by equation (7) ; 
constant defined in equation (7) ; 
concentration of liquid, assuming all 
liquid in core ; 
specific heat at constant pressure ; 
inside diameter of tube ; 
hydraulic diameter of tube with 
twisted tape insert [ft in equation (4)] : 
function given in equation (15) ; 
mass velocity ; 
Grashof number, defined in equation 

(8); 
gravitational acceleration ; 
heat-transfer coefficient ; 
enthalpy of vaporization ; 
enthalpy of vaporization corrected 
for vapor superheat, equation (9) ; 
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constant in equation (11) ; 
thermal conductivity ; 
test-section heated length ; 
surface density of droplets ; 
volume density of droplets ; 
Nusselt number = h,, J&,/k, ; 
pressure ; 
pressure difference between axial sta- 
tions of test section ; 
Prandtlnumber = (cpp/k),; 

heat flux ; 
Reynolds number, defined in equa- 
tion (6) ; 
temperature ; 
temperature difference = T, - Tb ; 

average axial velocity for two-phase 
mixture ; 
flowing equilibrium equality ; 
tube diameters per 180” tape twist ; 
axial position along heated length ; 
volumetric coeffkient of thermal ex- 
pansion ; 
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6, droplet diameter ; 

P3 density ; 

Pu, dynamic viscosity ; 

1’9 kinematic viscosity. 

Subscripts 
b, bulk fluid condition ; 

DO, dryout condition ; 

A vapor properties evaluated at film 
temperature, (T, + &)/2 ; 

in, condition at entrance to heated sec- 
tion ; 

I, liquid condition ; 
sat, saturation condition ; 

0, vapor condition ; 

W. condition at inside wall oftube. 

INTRODUCTION 

SYSTEMS involving forced-convection vaporiza- 
tion may operate at least partially in a post 
dryout or liquid deficient mode. This occurs 
commonly in once-through steam boilers, in 
rocket motors which are regeneratively cooled 
by vaporization of the cryogenic fuel, and in 
cryogenic vaporizers. Post dryout behavior is 
also of interest in determining the transient 
conditions during a boiling water reactor acci- 
dent. At the high quality conditions normally of 
interest, the heated surface is nominally dry, 
and the liquid flows as droplets dispersed in the 
channel core ; thus the regime can be described 
as dispersed flow film boiling. One of the 
significant features of established dispersed flow 
film boiling is the existence of superheat in the 
vapor well below 100 per cent equilibrium 
quality, and the presence of liquid droplets 
downstream of the 100 per cent quality point. 
Direct evidence of this nonequilibrium situation 
has been given by Parker and Grosh [l] who 
observed water droplets in an exit sight section 
at steam qualities greater than 100 per cent, as 
well as by Forslund and Rohsenow [2] who 
made similar observations for nitrogen, The 
existence of a considerable amount of vapor 
superheat in the presence of liquid droplets has 

been established by Forslund and Rohsenow 
[Z] using a helium tracer technique and by 
Mueller [3] using a steam temperature probe. 

Numerous empirical correlations have been 
developed for the heat-transfer coefficient in 
dispersed flow film boiling [4]. Laverty and 
Rohsenow [S] suggested a more fundamental 
approach based on a two-step heat-transfer 
process, from the wall to the superheated 
vapor and then from the vapor to the liquid 
droplets. Forslund and Rohsenow [2], Bennett 
et af. [4] and Hynek [7] extended this model 
and found that experimental data could be 
reasonably well described with the proper 
choice of empirical constants. It is clear that 
dispersed flow film boiling is not a particularly 
efficient heat-transfer process. With nitrogen, 
for example, the non-equilibrium effects cause 
actual qualities to be as much as 50 per cent 
below equilibrium qualities; furthermore, liquid 
droplets are still observed at equilibrium quali- 
ties of 300 per cent [2]_ As a consequence of this, 
boilers operate at high surface temperatures 
and must contain a large surface area to effect 
complete vaporization. 

An examination of methods to augment con- 
vective heat transfer suggests that swirl flow 
should be particularly effective in the case of 
dispersed flow film boiling [S]. Burke and 
Rawdon [9] presented one set of data for film 
boiling of nitrogen which indicated that heat- 
transfer coefficients were substantially increased 
with tape-generated swirl flow. With the excep- 
tion of some work with mercury [lo, 111, which 
is normally non-wetting, this exploratory study 
by Burke and Rawdon appeared to be the only 
source of information relating to the influence 
of tape-generated swirl flow on dispersed flow 
film boiling. Accordingly, a systematic study of 
this phenomenon was undertaken as a con- 
tinuation of a project in the M.I.T. Heat 
Transfer Laboratory concerned with the general 
problem of film boiling [2, 5, 71. The present 
paper describes the correlation developed for 
the large amount of experimental data obtained 
in this study. 
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CHARACTERISTICS OF DISPERSED FLOW 
FILM BOILING 

The boiling data were obtained with a 0.4 in. 
i.d., 96 in. long circular Inconel tube which was 
oriented vertically. Subcooled liquid nitrogen 
was supplied to the electrically heated test 
section from a large dewar. Five local pressures 
and 24 local wall temperatures were measured 
at equally spaced increments. After making 
measurements with the standard tube, full- 
length twisted tapes (Inconel, 0.018 in. thick) 
were inserted into the tube. The tape twists 
were y = 85 and 4.1, and the maximum 
estimated clearance was 0$X)4 in. 

Two modes of operation were possible de- 
pending on the start-up conditions: Type I 
operation was achieved by heating the tube 
before supplying the liquid, while Type II 
operation involved system cooldown before 
power was applied. For all tests, the inlet condi- 
tions were slightly subcooled and the pressure 
level in ‘the test section was kept at 2&25 psia. 
A wide range of flow rates and heat fluxes was 
covered. The heat flux, which was essentially 
uniform along the tube due to the favorable 
resistivity characteristics of the Inconel, was 
based on the total heat input and the nominal 
tube inner surface area. This does not consider 
the heat generated in the tape (about 8 per cent 
of the total heat input) ; however, it follows the 
convention used in most previous swirl flow 
investigations. 

A detailed description of the apparatus, pro- 
cedure, and data reduction can be found in 
[7, 121. Only brief mention of the results will be 
given here since the data are presented in detail 
in these reports as well as in [13]. 

The general characteristics of film boiling 
with and without twisted tape inserts are shown 
in Fig. 1. Typical temperature profiles for the 
two modes of boiling are shown in Fig. 2, where 
each of the curves represents the 24 wall tem- 
perature measurements for that run. Consider 
first the results for the plain tube initially pre- 
heated (Type I). The temperature profile for 

Within the first few inches of the tube the flow 
pattern corresponds to the classical picture of 
film boiling since there is a vapor annulus at the 
wall and a liquid core. The subcooling is 
removed in a short length, however, and the 
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FIG. 1. Schematic representation of the two types of dispersed 
flow film boiling. 
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FIG. 2. Comparison of temperature profiles for film boiling 
in tubes with and without twisted tape inserts. 

core flow becomes dispersed (the void fraction 
is about 80 per cent at a quality of 3 per cent). 

Run 47 in Fig. 2 is typical for this condition. The wall temperature remains constant or 
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decreases somewhat in the evaporation region, 
then increases in the superheat region. When 
the flow was established before applying power 
(Type II), the dryout point originated at the 
tube exit and moved upstream with increasing 
power. As shown for Run 26 in Fig. 2, the wall 
temperature is close to the saturation tempera- 
ture before dryout, as would be expected from 
the high heat-transfer coefficients for forced 
convection vaporization. The wall temperature 
rises rapidly at the dryout point and increases 
gradually as the superheat region is entered. 

Twisted tape data are shown for comparison 
with the straight tube data in Fig. 2. As expected, 
the wall temperatures are markedly reduced 
with the tape inserts, with the reduction being 
greater for the tighter tape twist. In broad 
terms, the increased heat-transfer coefficients 
with tape generated swirl flow are due to 
enhancement of the single-phase vapor co- 
efficient and increased rate of droplet evapora- 
tion at the wall due to centrifuging of the drops 
to the wall. This latter effect is particularly 
important since the amount of vapor superheat 
required for evaporation is minimized. 

I I I I I I I I / 
0 IO 20 30 40 50 60 70 80 90 100 

I, I” 

FIG. 3. Influence of heat flux on wall temperatures for 
Type I and Type I1 swirl runs. 

Figure 3 presents a comparison of typical 
temperature profiles which illustrate the effect 
of heat flux at a given mass velocity and tape 
twist. For the Type I runs, the increasing tem- 
perature level with increasing heat flux is to be 

expected. With Type II tests, the dryout point 
also moves upstream as the heat flux is increased. 
The most significant feature of these data is that 
the wall temperatures for Type II runs become 
essentially coincident with the data for the com- 
parable Type I run when the film boiling is well 
established. This suggests that any swirl flow 
correlation or analytical formulation should be 
applicable to either type. As noted in Fig. 3, 
both types of film boiling are possible at the 
same mass flux and heat flux, within certain 
ranges of both variables. As in pool boiling, it 
is possible to have either film boiling or nucleate 
boiling at the same heat flux as long as conditions 
are above the Leidenfrost point. 

In general, it has been established that 
twisted tape inserts are a simple and effective 
method of augmenting heat transfer in dis- 
persed flow film boiling. The present tests with 
nitrogen indicate that heat-transfer coefficients 
can be increased as much as 200 per cent over 
the straight flow value at comparable conditions. 
When swirl and straight flow are compared at 
equal pressure gradient, it was demonstrated 
that local coefficients can be increased by over 
50 per cent. On the basis of equal pressure drop, 
the length of the boiler can be reduced by over 
50 per cent for the same heat-transfer rate. [13] 

HEAT-TRANSFER CORRELATION 

General assumptions 
The heat-transfer process in dispersed flow 

tilm boiling can be described in a general way 
as a superposition of heat transfer from the 
wall to the vapor and from the wall to the 
droplets which impinge on the wall. Although 
the validity of superimposing complex heat- 
transfer processes, without considering any 
cross-coupling, can be questioned on funda- 
mental grounds, the concept has been found to 
be extremely useful in developing correlations 
for both single-phase and boiling situations. 
Superposition of vapor and droplet contribu- 
tions for dispersed flow film boiling has been 
suggested by Parker and Grosh [l] and 
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Poppendiek et al. [l l], and was a basic assump- 
tion in the semi-analytical correlation developed 
by Forslund and Rohsenow [Z]. There is 
precedent, then, for seeking an additive correla- 
tion for the present data for dispersed flow film 
boiling with swirl flow. 

The complicating feature of film boiling in 
axial flow is that the core flow consists of liquid 
drops and superheated vapor, hence, a simple 
heat balance is inadequate to predict the local 
vapor temperature. A complicated computer 
program is then required to march out a solution 
for the wall temperature at various positions 
along the tube [2]. No simple correlation 
equation has yet been developed for the axial 
flow case. With swirl flow, however, it appears 
that the non-equilibrium effects are less im- 
portant. Since the droplets are centrifuged to 
the wall, it is reasonable to assume that the 
vaporization takes place primarily at the wall 
without the bulk vapor becoming appreciably 
superheated. The case for a process which is 
basically at ~uilib~um rests on both visual and 
quantitative observations. No appreciable core 
droplet flow was observed in the exit visual 
section for X > 1. Although it was estimated 
that hydrodynamic considerations would per- 
mit some liquid to flow along the twisted tape 
[7], it is probable that this liquid would be 
rapidly evaporated by the heat generation in the 
tape or by heat transfer from slightly super- 
heated vapor. The most compelling evidence for 
equilibrium, however, is given by Fig. 3 where 
it is seen that the wall temperature profiles for 
Type I and Type II runs coincide. As demon- 
strated in [7], this does not occur with axial 
flow since the Type I regime builds up non- 
equilibrium from the tube inlet, whereas the 
Type II flow must be essentially in equilibrium 
at the dryout point. The wall temperature for 
the Type I runs is thus considerably higher than 
that for the Type II run at the dryout position. 

Development @the correlation 

Utilizing superposition with no cross- 
coupling and assuming the vapor to be at 

~turation temperature, the total heat-transfer 
rate for X < 1 is given as 

Since the void fractions are large above qualities 
of a few per cent, it is reasonable to assume that 
A,%4 ; thus the heat flux can be given by 

4”4v,l b-4/4 + kv,“)(T, - L3. (2) 

For X > 1, the droplet ~ntribution vanishes 
and the superheated vapor temperature is given. 
by a simple heat balance 

d’ = h,” Ku - K-1. 

Of the available correlations for swirl flow of 
single-phase fluids, it is most appropriate to 
consider the correlation of Thorsen and Landis 
[14] which has been demonstrated to be valid 
for gases at high A?: This correlation which 
includes curvature, buoyancy, and radial 
property variation effects, is given in the 
following form : 

Nu, = CRe,0’8Pr,0’4(T,IT,)o’32 

where 

x (1 + 0.25 Gr,0’5/Re,) (4) 

c = @021[1 + 0035nZ/Dy2(1 + x2/4y2)]. 

The Reynolds number must be expressed in 
terms of the average vapor velocity so as to 
cover both the evaporating and superheat 
regions. The vapor velocity can be approxi- 
mated by the throughput velocity based on 
homogeneous flow 

I&jY(;- I> + 11. (5) 

The Reynolds number then becomes 
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Since the acceleration for a rotating slug flow 
model is given by 

a = (~~~)2/2DY2 (7) 

the Grashof number can be expressed as 

It is appropriate to base the droplet heat 
transfer on a correlation for droplets on a 
horizontal hot surface in a gravity field. The 
correlation of Baumeister et al. [15] is given as 

where 

This correlation was derived from data at 
normal gravity (a = g). In the present case, the 
acceleration would be given by equation (7). 
It is noted that the heat-transfer coefficient for 
saturated pool film boiling exhibits a somewhat 
stronger dependence on acceleration (h N 
a”‘336) [ 161; however, this has not been verified 
for Leidenfrost-type behavior. A further con- 
sideration is the effect of relative velocity 
between the liquid drops and the heater wall. 
Schoessow and Baumeister [17] have demon- 
strated that the coefftcients are higher for 
moving drops. The effect of relative velocity 
was not included in the present correlation, 
primarily due to the lack of a good estimate of 
the relative velocity. However, the effect is 
ultimately included in the final empirical con- 
stant given below in equation (15). 

The drop size, 6, in equation (9) and the sur- 
face covered by drops, AJA, in equation (2) 
must now be accounted for. Assume that 6 
can be interpreted as a mean effective drop 
size ; then 

A,/A = N,mS2/4 (10) The first test of equation (4) was made by 

where N, is the drop density at the heated sur- 
face. N, can be related to the volume density 
of droplets in the core, N,, by 

N2 = WW3 (11) 

where K1 is quite probably a function of the 
radial acceleration induced by the swirl flow. 

The core density of droplets is related to the 
concentration of liquid in the core by 

N, = (il:)jjjpl (12) 

where Z; is estimated by again using the homo- 
geneous model 

A final expression for the droplet heat-transfer 
coefficient is now obtained by combining equa- 
tions (9t(131: 

i 

(1 - X)(6/7$ 3, K, 

x F-b,/& - 1) + 1 .I -iii 4 6x (14) 

The inevitable empirical constant appears as 
the last bracketed term in this equation. As a 
first approximation, it would be reasonable to 
assume both the surface density function and 
the drop size a function of the gees induced by 
the swirl flow: 

(15) 

The test of this assumption will come from 
applying the complete superposition model to 
the experimental data. 

APPLICATION OF CORRELATION 
EQUA~ON TO DATA 

Pure vapor runs 
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applying it to data for gaseous nitrogen at 
cryogenic temperatures. These tests were carried 
out once the liquid in the supply dewar was 

30 Run MO G 0” 
Llbm’hft’) EWhft’) 

x 106 52070 7430 
20 0 107 48820 7380 

+ 108 . 109 ~%E 3% 
. 110 70100 8130 

FIG. 4. Correlation of data for swirl flow of single-phase 
vapor. 

expended ; the pressurizing nitrogen flowed 
through the cold dewar and dewar delivery line 
and reached the test section at a temperature 
only shghtly above saturation. Since this method 
precluded long running times, only several runs 
were made for the y = 85 tape. The results 
shown in Fig. 4 indicate that the fully developed 
heat-transfer coehlcients are about 10 per cent 
above the values predicted by equation (4). Data 
for the entrance region (points lying to the right) 
are considerably higher as would be expected. 
This suggests that equation (4) is quite adequate 
for the present test conditions. It should be 
pointed out, however, that other values of the 
basic constant (0021) and temperature ratio 
exponent (0.32) are frequently reported in the 
literature for correlation of data for gases. 
Furthermore, the curvature or tape twist effect 
appearing in the factor C may be slightly 

different when data for a wide variety of tape 
twists are examined. 

Superheat data 
For X > 1, equation (3) applies and the 

derived heat-transfer coefficients should be quite 
well predicted by equation (4). The data for a 
tape twist of y = 8-5, shown in Fig. 5, are in very 
good agreement with equation (4). As shown in 
Fig. 6, the data for y = 41 lie on the average 
about 10 per cent below the correlation. This 
might be due to inadequate specification of the 
tape twist effect. For both tape twists there is 
some indication of a heat flux effect, with higher 
heat-transfer coefficients at higher heat fluxes. 
This is in line with the results for straight flow 
[2], and suggests that there may be some non- 
equilibrium still present with the swirl flow. 
However, the effect is not large enough or 
conclusive enough to warrant relaxing the 
assumption of equilibrium 

In general, the pure vapor runs and the data 
for the superheat region indicate that equation 
(4) gives an adequate representation of the swirl 
flow of nitrogen vapor; furthermore the swirl 
flow appears to promote equilibrium flow con- 
ditions. The scatter plot for all data in the 
superheat region (Fig. 7) further demonstrates 
the validity of this approach, since over 80 per 
cent of the wall temperatures are predicted to 
within 10 per cent. The pure vapor correlation 
can thus be kept in its recommended form, in 
keeping with the spirit of the superposition 
model. In addition, since the complexities of 
non-equilib~um do not need to be introduced 
for the superheat region, it is probable that the 
equilibrium assumption will be equally valid for 
the vaporization region. 

Evaporation region 
The droplet heat-transfer term in the super- 

position model has been formulated so that 
only one empirical function remains to be 
determined. This function, F - (a/g), can be 
backed-out from the data for X > 1 by subtrac- 
ting the convective heat flux from the total heat 
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FIG. 5. Comparison of swirl data for superheat region with correlation for single phase 
vapor ; y = 8-5. 
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FIG. 6. Comparison of swirl data for superheat region with correlation for single-phase 
vapor;y = 41. 
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FIG. 7. General comparison of predicted and observed wall temperatures in superheat region. 
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FIG. 8. The function F(a/g) derived from experimental data. 
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flux. This operation was performed for the entire 
range of data, with the result shown in Fig. 8. In 
order to avoid introduction of undue scatter to 
subtraction of numbers almost equal in magni- 
tude, only the data for X d 0.5 were used. This 
is not a problem since the drops contribute little 
to the heat transfer at high qualities. 

At first glance, the case for a simple function 
does not appear to be very promising since there 
is a rather large scatter in the data. Although the 
trends were not entirely consistent from run to 
run, there was some evidence that F at a given 
gee value was higher for higher heat fluxes and 

FULLER and S. J. HYNEK 

lower velocities, particularly at lower u/g. These 
trends may be related to drop size variation 
which is not accounted for by acceleration. At 
high heat flux the axiaf acceleration of the flow 
is greater and smaller droplets are expected in 
the core on the basis of critical Weber number 
calculations [2]. In addition to this core effect, 
any streamers or agglomerated drops on the 
wall would be more readily broken up at a 
hotter surface. Since drop size is included in F, 
this could explain the observed increase in F 
with heat flux. On the other hand, with higher 
mass fluxes, the residence time is reduced and 

Twisted tope y-4.1 ond 8.5 

G -2OOOO-100000~bm/t~ft2 

q”-3Ooo- 19000 aiu / hft 2 

7j observed, OR 

FIG. 9. Generai comparison of predicted and observed wall temperatures in vaporization 
region (F = 7.0). 
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there would be less time for the drops to shatter ; 
F could then decrease with increasing G. These 
factors point out the difficulty of assuming a 
mean effective drop size, or a drop size which is 
simply dependent on the radical acceleration. 

While work still needs to be done to resolve 
more clearly the processes in the evaporating 
region, there is merit to picking a simple function 
F and completing the correlation. The most 
straightforward approach is to set F equal to a 
constant since there is no particular dependence 
on the acceleration. This may be due to com- 
pensating effects of distribution and drop size. 
At higher u/g, more of the available liquid 
should be at the wall ; however, there would 
then be more chance of agglomeration. The 
larger drops or rivulets would have a lower 
heat-transfer coefficient. In any event, several 
constant values of F were chosen and used in 
equation (3) to obtain a prediction of the wall 
temperature. For F = 7 it was found that 90 
per cent of the data were correlated to within 
20 per cent as shown in Fig. 9. The agreement is 
good enough to recommend the superposition 
correlation for design. 

Prediction of complete temperature profile 
By way of summary, it is appropriate to 

compare typical measured temperature profiles 

with the predictions of equation (2). As shown 
in Fig. 10, the general shape of the prolile is 
rather well given by the correlation. The magni- 
tude of the temperature is also quite well pre- 
dicted for these runs, and in general, as shown 
in Figs. 7 and 9. 

CONCLUSIONS 

Visual and quantitative observations indicate 
that the large departures from thermal equi- 
librium, characteristic of nitrogen in dispersed 
flow film boiling in empty tubes, are not present 
with swirl flow. Assuming thermal equilibrium, 
the boiler can be simply divided into evaporation 
and superheat regions. The heat transfer in the 
evaporation section can be described by a 
superposition of vapor swirl flow and droplet 
film boiling, while the superheat section can be 
treated as swirl flow of vapor. Conventional 
correlations can be utilized for both regions. 
The additive correlation gives a rather good 
prediction of wall temperatures along the tube 
for the entire range of test conditions. 
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EBULLITION EN FILM D’AZOTE AVEC DISPERSION PAR UN fiCOULEMEN7 
TOURBILLONNAIRE 

RbumL-On dCcrir les caractCristiques de transfert thermique dans I’&bullition en film d’azote dans des 
tubes munis de rubans gtnkrateurs d’tcoulement tourbillonnaire. L’tcoulement tourbillonnaire augmente 
notablement le transfert thermique et diminue le non-kquilibre thermique qui est responsable de la per- 
formance relativement faible des bouilleurs sans intr~uction de rubans hilico’idaux. En supposant un 
tquilibre thermique, ii est possible de formuler une correlation de superposition relativement simple pour 
a la fois les regions d’tvaporation et de surchauffe du bouilleur. La corrClation donne une bonne prevision 

des temperatures de la paroi le long du tube pour le domaine entier des conditions d’essai. 

FILMSIFDEN VON STlCKSTOFF MIT WIRBEI_STR~M~!N(; 

Zusammenfassung-D~e WIrmeiibertragungsvorglnge beim Zwei-Phasen-Filmsieden von Stickstoff in 
Rohren mit Drallstramung werden beschrieben. Die DrallstrBmung vergriissert den W5rmeaustausch 
wesentlich und verringert das thermische Nicht-Gleichgewicht, das verantwortlich ist fiir die relativ schwache 
Leistung von Boilern ohne Spiralband-EinsLtze. Unter der Annahme thermischen G!eichgewichts ist er 
mijglich. eine ziemlich einfache Superpositions-Beziehung fiir das Verdampfungs- und Uberhitiungsgebiet 
von Dur~hlaufverdampfern zu formulieren. Die Beziehung bietet eine gute Voraussage der Wandtemperrt- 

tur entlang des Rohres iXir den ganzen Bereich der Versuchsbedingungen. 

;~MCIIEPI’MPORAHHOF rIJIEHO~HC)E ICVIHEHME :~Xf3MSPE:HHOI‘O 
‘TEqIEHMR _43OTA 

AHHOTaqusr-~)illlCbrHaMTeR T~ll~OO~MeHHbIe XaI~a~T~I~~lCT~H~ ;tByX&laHOro rI~It?tlo4HO1’O 
~~n~n*~H ZiaOTa rtpM T~qeH~~ B Tpj’&?, ~a~~X~~eHii0~ Typ~~~~~aTOpO~. 3aB~lXpeHH~~ nOTOI< 

CJYQeCTBeHHO yQ”%LUaeT TenJU206Meli IZ CBOWT K ~~H~~~yM~ TeRjrOBOe He&iaBIiOB&Cl~~, 

IlpllBO~RU@t? ti CpaBHHTe-TbHO IIJIOXOfi pa6OTe 6OfiJIepOB 6e3 TJ’~,(ij’JI5K%lpj’iOllV4X BCTaF3ON I% 

Tpy6e. rIpMHMMaR cywecTnosanne Tennonoro pae]ToBecnfi, MO~HO C@~p~yntlpOnaT~~ 
OTHOCllTenbHO npOCTylo o6oBrqaroruym HOppenRl\I’IIo, IlpSIMelIHMj’~ Klki NIJl OliJIFiCTLl 

scnapeHnH, TaK M nnH o6nacTH neperpesa napa B npHMoToqHoM 6oanepe. Koppennqnrl 
RaeT XOpOLIIee rtpeACKaaaH&fe Tt?MIlepaTypbI CTeHlECl BHOnb TpY6bI 80 RCOM AHana~OHe yfJtORIlii 

OnbITOR. 
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