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PLUG-FLOW REGIMES DURING THE FLOW BOILING
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Abstract—Drift velocity was measured at elevated pressures with high-speed photography for the bubble
and plug-flow regimes in a 10 m long sodium heated steam generator tube of 0.008 m LD. The operating
conditions for the test were: pressure: 4.3—18 MN/m?; mass velocity: 51-107 kg/m?s; outlet subcooling:
0-1.3K; void fraction: 0.0008-0.26. The data were correlated with a dimensionless equation. For the
operating conditions considered, the drift velocity does not significantly change. In order to determine the
void fraction for a wide range of conditions in small-diameter circular tubes, annuli and rectangular channels,
the correlation of the author was slightly modified. The correlation applies to both high and low mass
velocities. The drag coefficient for the motion of a bubble (or a plug) in a turbulent water stream is shown to
be a function of bubble (or plug) Reynolds number and geometry. During the experiments, for the pressure
range from 4.3 MN/m? up to 14.2 MN/m?, the flow pattern in the test tube changed periodically from bubble
flow to plug flow. The frequency of the observed instabilities varied between 10 and 50 Hz. The cause of this
type of instability is anticipated to be the suppression of the bubble growth.

NOMENCLATURE

cross-sectional area [m?];

distribution parameter;

drag coefficient ;

equivalent-bubble or -plug diameter [m];
tube diameter or hydraulic diameter [m];
mass velocity [kg/m?s];

acceleration of gravity [m/s*];

volume flux density [m/s];

average volumetric flux density of a
two-phase mixture [m/s];

number of bubbles in a sample;

total number of plugs and/or bubbles in
the sapphire test section;

number of axial positions;

pressure [N/m?];

reduced pressure (i.e. pressure divided
by critical pressure};

volumetric flow rate [m?3/s];

heat flux [W/m?];

volume of the sapphire test section [m?];
Reynolds number;

subcooling, i.e. difference between
saturation temperature and bulk liquid
temperature [K];

weighted mean velocity of the vapour
phase [m/s];

difference between the time-averaged
bubble or plug velocity and the local
liquid velocity [m/s];

instantaneous bubble or plug velocity
[m/s];

time-averaged bubble or plug velocity
[m/s];

weighted mean drift velocity [m/s];

V,,  drift velocity, average over cross-section

[m/s];

V,,  velocity of vapour phase [m/s];

V,,  velocity of vapour phase, average over
cross-section [m/s];

vy drift velocity [m/s];

X, steam quality;

Y, variable.

Greek symbols

o, void fraction ;

a, void fraction, average over cross-section ;

B, vapour volumetric rate ratio;

i dynamic viscosity [kg/ms];
0, density [kg/m’7];

o, surface tension [N/m].
Subscripts

L, refers to liquid phase;

M, refers to measured value;

P, refers to predicted value;

v, refers to vapour phase.

INTRODUCTION

DrIFT velocity is the difference between the velocity of
one of the phases and the average velocity of the
mixture of the vapour and liquid phases during the
flow boiling of a liquid [1]. This velocity has to be
known for the accurate determination of the void
fraction, which is of importance to predict pressure
drop and two-phase flow instabilities in steam gene-
rators and liquid-cooled reactors.

No literature exists on the adequate determination
of the drift velocity for bubble- and plug-flow regimes
during the flow boiling of water at elevated pressures.
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Many investigators have reported data on the motion
of gas bubbles in liquids (for references see [2-4]).
Most of their studies deal with the motion of individual
air bubbles in a stagnant water and in a turbulent
water stream. However, no scaling-law has yet been
established between the motion of individual gas
bubbles and the motion of the flow boiling bubbles.
The latter form, in fact, a population consisting of
many different sizes of bubbles with different velocities.
For the velocity of the vapour phase in the bubble- (or
plug-) flow regime, the velocity of the whole bubble (or
plug) population has to be considered. A statistical
approach is therefore required to determine the ve-
locity of a bubble (or plug) population.

A velocity field which is useful for characterizing the
flow of a two-phase mixture is given by Zuber and
Findlay [1]

V,=J+V, (1)
where
J=(Q,+Q,)/A=Glp,[X+(1-X)p.p.)]
2)
Weighting every term in equation (1) with void
fraction and dividing by J, they obtained
UiJ = C+ VT (3)
or
Bia=C+VyJ )
where
B = Qn/(Qu+Ql,) = X/pv[X/pt_i—(l _X)/pL]7 '

(5)
U= % )
V= <ZO;>7 (8)
vy=V,~J. ©)

The ¢ )'s denote averages over the cross-section
defined by equation

(10)

For the diabatic and adiabatic flow of steam—-water
mixtures in small-diameter vertical channels, it is
reported in [5,6]

c=113 (11)
V, = L18[ag(p,—p.)/pi] %, (12)
and in [7]
C=100 (13)
V,=0.36(1—P,)"° (14)

For the data discussed in [ 5-7], V,/J < 1. It follows
from equation (4) that the weighted mean drift velocity
(which will be termed simply “drift velocity” further
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on) given by equations (12) and (14) can not be
accurate since C > 1, as already indicated in {7}

In order to determine void fraction properly with
equation (3) or (4) for the condition ¥/ J = 1, iec. for
low mass velocities, the accurate value of the drift
velocity has to be known.

In the present work for the determination of the drift
velocity. a modified version of equation (1)1s used. For
low steam qualities and void fractions the average
volumetric flux density of the vapour--liquid mixture is
practically equal to that of the liquid. In such cases it is
sufficient for the determination of the drift velocity 1o
measure the weighted mean velocity of the vapour
phase (i.e. the velocity of the centre of gravity of the
vapour phase), and equation (1) then reduces to

U=J+1V, {13
and Jin the above equation is a known function of the
operating conditions [see equation (2)]. However,
as can be seen from equation (15), for the accurate
determination of the drift velocity its magnitude has to
be in the same order of magnitude as J.

This paper presents data for the drift velocity
obtained with the condition V/J = (.75-2.22. U, the
weighted mean velocity of the vapour phase (or
velocity of the centre of gravity of the vapour phase)
was measured with high-speed photography. The
aforesaid data have been used to modify equations (13}
and (14) to predict the void fraction both for low and
high mass velocities. Data for the drag coefficient for
the motion of flow boiling bubbles and plugs, and data
for the flow pattern instabilities have also been pre-
sented.

TEST SET-UP, PROCEDURE AND CONDITIONS

The photographical test section was an adiabatic,
square sapphire channel of 0.0071 x 0.0071 x 0.02 m.
The wall thickness of the channel was 0.003 m. This test
section was mounted at the end of a 10 m long, straight
vertical sodium heated steam generator test tube of
0.008m LD. The test tube was installed in a heat
transfer loop, which is described in [7]. A 0.02m long
transition piece was mounted between the sapphire
channel and the test tube. The cross-sectional area
along this piece was practically equal to the cross-
sectional area of the test tube and of the sapphire
channel.

The pictures of subcooled nucleate flow boiling were
taken through the sapphire channel with a high-speed
rotating prism camera (Hycam model, 120m) at a
frequency of 10000 frames/s for the following range of
operating conditions:

P. 43-18 MN/m?;

G, 51-107kg/m?s;

At, 0--1.3K;

%, 0.08-26".

The operating conditions are also summarized in
Table 1.

When making the experiments, it took half an hour
to reach steady-state conditions, after which photo-
graphs were taken.
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Table 1. Operating conditions for the tests

P G a D U vV
(MN/m?) (kg/m’s) (%) (mm) (m/s) (m/s)

10.1 93.6 14.6 3.33-573 0.345 0.32-0.35
14.2 74.5 26 1.10-5.90 0.353 0.29-0.355

43 59.5 25 3.19-3.56 0.24-0.25 0.24-0.25

7.3 62.5-87.6 0.08-4.6 1.08-3.67 0.25-0.34 0.25-0.34
10.1 61.3-73.7 2.7-44 1.23-3.87 0.229-0.295 0.22-033
12.2 55.1-106.9 0.52-1.37 1.27-2.11 0.244-0.33 0.19-0.34
14.2 83.3-105.9 0.93-2.88 0.94-1.82 0.318-0.332 0.20-0.36
16 53.4-106 0.77-2.91 1.05-1.59 0.25-0.355 0.16-0.41
18 51.3-101.1 0.78-1.34 0.81-1.26 0.269-0.325 0.19-0.37

The velocity of a bubble (or a plug) was measured by
the use of a Boscar motion analyzer from the de-
veloped films.

The instrumentation of the test tube is described
elsewhere [7]. It will be sufficient to mention here that
outlet temperature and pressure and mass flow on the
water—steam side were measured with pre-calibrated
instruments, and collected on an on-line data acqui-
sition system and processed by a computer,
Hewlett—Packard 2216B.

The water—steam side outlet temperature was mea-
sured with an inconel sheathed, chromel—-alumel ther-
mocouple of 0.5mm O.D. The maximum error in
determining this temperature was 1.2 K.

The water—steam side outlet pressure was measured
with a dead-weight balance manometer, which had an
error of 0.03 MN/m?.

The water—steam side mass flow was measured with
a turbine flowmeter, which had errors less than 1% for
mass velocities higher than 96kg/m?s in accordance
with the manufacturer’s data. Below the aforesaid
mass velocity the turbine flowmeter was calibrated
with an estimated accuracy of 10%.

ANALYSIS OF DATA

Plug flow

In the plug-flow regime, bubbles assumed either the
shape of a plug or of a spherical cap, and D/d > 0.6, i.e.
the magnitude of the equivalent diameter of a plug was
in the same order of magnitude as the hydraulic
diameter of the sapphire channel. In order to de-
termine the equivalent diameter of a plug, the plug was
considered to be elliptically shaped, and the minor and
major axes of the plug were measured with a Boscar
motion analyzer. The arithmetic mean of the aforesaid
axes was taken as the equivalent diameter.

In the plug-flow regime, a few plugs (or even
sometimes a single plug) and several comparatively
very small bubbles in a liquid continuum were visible
on the developed films. The velocity of every plug and
bubble appearing on the film was measured at several
axial positions (between 23 and 43 positions). The
number of velocities measured varied between 79 and
145 for each test run. The reason why the velocity of a
plug of a bubble was measured at several axial
positions was to determine the time-averaged value of
this velocity. In order to determine the weighted mean
velocity of the vapour phase (or velocity of the centre

of gravity of the vapour phase) the following equation
was used:

UZ6P.,

oL

e S V4.4 Dm y V,,). (16)

n =1 n =1

Periodic variation of the volume of a plug (or a
bubble) was observed during the rise of the plug (or
bubble). This cyclic variation of the volume became
negligible at pressures higher than 14.2 MN/m2, Dur-
ing the rise, a plug (or a bubble) rotated slowly and
irregularly.

Bubble flow-regime

In the bubble-flow regime, the equivalent bubble
diameter varied between 0.81 and 3.87 mm and the
bubble shape was ellipsoid. The number of bubbles on
the developed films was between 1 and 20.

The weighted mean velocity of the vapour phase in
this flow regime was determined by a statistical
method from the measured velocities of a sufficient
number of bubbles taken randomly from the bubble
population. The sample size varied between all the
bubbles in the population and one-third of all the
bubbiles in the population. The velocity and minor and
major axes of each bubble in the sample were mea-
sured at several axial positions (i.e. between 15 and 72
positions). The number of velocities measured varied
between 37 and 292 for each test run. The equivalent
bubble diameter was found by averaging the measured
major and minor axes of a bubble.

The weighted mean velocity of the vapour phase
is determined with the formula below:

k n D3 n
k=1 n

D} & D} &

Determination of the steam quality

In order to determine J [see equation (2)], the steam
quality has to be known. During all the test runs, the
steam quality was very low. The evaluation of this from
a heat balance, therefore, may involve a considerable
error. For this reason, the steam quality was de-
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termined by solving the following fundamental iden-
tities, which hold for any two-phase flow

g.=UA,=XGAjp, (18}
&= AJA +A) = A /A, (19)
as given below:
dp, U )
X =t 20
G (20)

4, the void fraction in equation {20), was determined
with the following equation

Y D{/R. 214

_ T
¥ o= —
6:':1

First the data were compared with the preliminary
correlation of the author [Le. equation (14)] and with
the well-known correlation of Peebles and Garber [4]
used by Zuber et al. [ 1, 5-6] to predict the drift velocity
for the bubble flow regime [i.e. equation (12)]. As can
be seen from Fig. 1, the agreement of the aforesaid
correlations with the data is far from satisfactory.
Equation (12) has in fact been presented by Peebles
and Garber [4] as the terminal rising velocity of a gas
bubble in a stagnant Hiquid. These investigators have
also given three other correlations in their paper for
the terminal rising velocity as a function of the bubble
diameter and properties of the gas and the lquid.
These correlations did not fit the data well either.

Data for drift velocities were correlated with the
following dimensionless equation

13

(/)1.“/?0)9111, = 1 (22)

16.1
A%

as shown in Fig. 2. The reason why the few data do not
fit the correlation well is probably due to errors in
measuring mass velocities below 96 kg/m?s.

1t follows from Figs. 1 and 2 that the drift velocity
does not significantly vary with pressure.

o
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FiG. 1. Comparison of the data lor the drift velocity with
different correlations.

DETERMINATION OF VOID FRACTION
By the use of equations (5), (18} and (19), equation
{15) can be modified to determine straightforwardly
void fraction in the bubble- and plug-flow regimes for
both low and high mass velocities

Ui = /5 = 1+ 16.1[(p; — p.igripF] 300 (23)

Equation (23) has been compared in Fig. 3 with the
present data and with data of the author for the
weighted mean velocity of the vapour phase in bubble
and plug flow [ 7]. The operating conditions for these
data are summarized in Table 2. The agreement of
equation (23) with the data is quite good.
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Fia. 2. Correlation of the data for the drift velocity.
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Table 2. Conditions for void fraction experiments of various investigators

Number
P of d Heat flux G X a
(MN/m?) data Geometry (mm) (MW/m?)  (kg/m?*s) (%) (%) Reference
3-5 75 circular tube 9.16 adiabatic 388-3504 0-80 0-99 8
13.8 54 rectangular 474 0.32-1.58 8951153 10-37 42-85 9
channel
2--6.9 75 circular tube 7.7-10.2 adiabatic 400-3400 10-88 58-99 10
and annulus
2-9.8 it circular tubes 15.7-343  0014-2 4001700 10-60 49-99 10
1-5 365 annulus 13 0.60-1.22 127-1368 5-21.9 55-87 11
4.1-159 42 circular tube 8 0.10-0.50  1869-2383 0-29 U=28-48m/s 7
= Present data equilibrium existing between the phases. With the
* Data of 73 . . .
Fa 20 exception of the low mass velocity data of [11] takenin
i
= Y < i2% line an annulus for P=1-5MN/m? and G ~130kg/m?s,
D the agreement of the data with the equation (23) was
P * . : - satisfactory.
81, obgs i & In order to correlate all the aforesaid data, equation
&% g i ox . l L H {23) was modified as follows
Q * . *
e -0 R ST S R - -
I 27 e Big = 1.03+V,/J. 24)
-20 V;inequation (24}is given by equation {22)for circular
Y e s 51 12 13 145 6 7 8 s tubes and rectangular channels, and with the following

Pressure, MN/m?

F1G. 3. Verification of equation (23).
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'8 | e Data of [83 + Bata of [9]
~ 201 i
G T 2 3 4 65 6 7 8 8 10 1112 1314 15 16 17 18
Pressure, MN/m?
FiG. 4. Comparison of the void fraction data with equation

(24).

Equation {23} has also been compared with the data
of various investigators obtained for a wide range of
operating conditions for the adiabatic and diabatic
flow of steam—water mixtures in different types of
channels [8-11]. In this comparison flow regimes are
not considered. The number of data considered was
580. Not all the data from [9-11] could be considered.
Only the data for comparatively high steam qualities,
as indicated in Table 2, were studied, since for
subcooled nucleate flow boiling, in which steam qua-
lities are low, a simple heat balance does not give the
steam quality as a result of the thermal non-

equation for annuli

Vy=4025[(p,~p,)u.9/pi]"". (25)

Results of the comparison of equation (24) with the
data are shown in Fig. 4. Since the number of data
considered was large, i.e. 642, not all the data could be
given in the figure. The data shown in the figure have
been selected in such a way that the range of maximum
error in predicting veid fraction can be seen. Equation
(24) correlates all the data within 12% accuracy with
the exception of 15 data, as can be deduced from the
figure. The RMS error for correlating the data is 6.

For the 449 data considered V,/J < 1. It follows
from equation (24} that the value of C, the distribution
parameter is practically equal to one, i.e. radial-void
and -volume flux density distributions in small chan-~
nels are not of importance to predict void fraction. The
above statement does not imply that the radial-void
and -volume flux density distributions do not existin a
small-diameter channel. The same conclusion is drawn
also in [7). In [7] the drift velocity was evaluated by
equation (14) and the data summarized in Table 2,
with the excéption of low-mass velocity data of [117,
were used.

The operating conditions and geometry for which
equation (24) has been verified, are summarized below.

Geometry: vertical tubes, vertical annuli and verti-
cal rectangular channels

P, 1-18 MN/m?;

&, 0.08-99%;

d, 0.0047-0.0343m;

G, 51-3504 kg/m?s;

g, adiabatic  {without
0.01-2.0 MW/m?.

heat addition) and

Throughout this study, properties of water and
steam were evaluated from [12].
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F1G. 5. Comparison of the data for drag coefficient with equation (28).
DRAG COEFFICIENT where
The drag coefficient is the ratio of buoyancy to drag @ = (1 Did) (29)
forces acting on a bubble (or a plug), and is given by / -
the following equation for the steady-motion of a Re — up, D (30)

bubble (or a plug):
{26)

Pr.
where u is the difference between the time-averaged
bubble velocity and local liquid velocity. In order to
determine C, for bubble tlow, the local liquid velocity
was taken equal to the average liquid velocity based on
total mass flow and the cross sectional area of the
sapphire channel for the following two reasons:
Firstly, for the bubble-flow region the measured void
fraction was very low, i.e. between 0.08%, and 4.55%,
(see Table 1). Secondly, owing to the transition piece
between the sapphire channel and the test tube, the
velocity profile in the sapphire channel could be
assumed to be uniform except in the boundary layer
near the channel wall.

For plug flow, the local liquid velocity was taken
equal to the average liquid velocity based on total mass
flow and the cross sectional area of the sapphire
channel. The bubble (or the plug) velocity was de-
termined with the equation below

L

ni=

142

(27)

Hy,

The range of data is givenin Table . The bubble (or
the plug) Reynolds number varied between 372 and
11256. The number of data was 77. The accuracy of
equation (28)1s 10%,, as shown in Fig. 5, and the RMS
error in correlating the data was 4.4%,

FLOW PATTERN INSTABILITIES

During the analysis of the developed films, a tlow
pattern instability was observed. For pressures lower
than 16 MN/m?, the flow regime varied from bubble
flow to plug flow with a frequency between 10 and
50 Hz. During the measurement of void fraction in a
26.7m and in a 40.1 m long sodium heated helical coil
of 0.018m L.D., a similar type of instability was also
observed for P =4-8.1 MN/m* and G = 4291518
kg/m?s [13]. Jeclic and Yang [14] detected anal-
ogous instabilities in an electrically heated vertical
tube.

In the literature the cause of this type of instability 1s
related to the variation of the pressure drop in the
bubble-slug flow and in the annular flow regimes [ 15].

Datafor the drag coefficient were correlated with the following equation:

d

co - exp(18.967 +2.74a —28.354

3 4
> +48.75a 32.82a )’ (28)
Re
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Since the present test tube is very long, the variation of
the pressure drop in different flow regimes can not be
the cause of the observed instabilities. Moreover, no
annular flow was observed during these instabilities.

At present the cause of the observed instabilities is
speculated to be the suppression of bubble growth.
Bubbles grow at the heated wall, depart from the wall,
coalesce, and form a plug. The volume of the plug
varies periodically and the plug rotates irregularly and,
therefore, destroys the superheated liquid layer on the
heated wall. The destruction of this layer delays the
growth of bubbles. For the time interval in which
enough bubbles are produced to form a plug, the
bubble flow regime exists in the test tube and the plug
flow regime thereafter.

The other type of instabilities relevant to a long
steam generator tube is discussed in detail in [15-17].
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DETERMINATION DE LA VITESSE D’ENTRAINEMENT ET DE LA FRACTION
DE VIDE DANS LES REGIMES D’ECOULEMENT A BULLES ET A BOUCHONS POUR
L’ECOULEMENT DE L’EAU EN EBULLITION A DES PRESSIONS ELEVEES

Résumé—On a déterminé la vitesse d’entrainement 4 des pressions élevées au moyen de la photographie
ultra-rapide pour les régimes d’écoulement 4 bulles et 4 bouchons dans un canal de générateur de vapeur
chauffé au sodium, d’un longueur de 10 m et d’un diamétre intérieur de 0,008 m. On a réalisé les expériences
sous les conditions suivantes: pression: 4,3-18 MN/m?; vitesse massique: 51-107kg/m?s; sous-
refroidissement 4 la sortie: 0~1,3 K ; fraction de vide: 0,0008—0,26. Les données ont été corrélées a aide d’une
équation non dimensionnelle. Pour les conditions opératoires considérées, la vitesse d’entrainement n’a pas
changé sensiblement. Pour la détermination de la fraction de vide, avec un large domaine de conditions, dans
des canaux circulaires de faible diamétre, des canaux annulaires et rectangulaires, la corrélation donnée par
Pauteur a été modifiée légérement. La corrélation s’applique 2 la fois 4 des hautes et 4 des basses vitesses
massiques. Le coefficient de trainée pour le mouvement d’une bulle (ou d’un bouchon) dans un courant d’eau
turbulent est une fonction du nombre de Reynolds de 1a bulle (ou du bouchon)et de la géométrie. Pendant les
expériences, pour le domaine de pression de 4,3 MN/m? 4 14,2 MN/m?, la configuration d’écoulement dans le
canal expérimental a changé périodiquement de I'écoulement a bulles & I'écoulement 4 bouchons. La
fréquence des instabilités observées a varié entre 10 et 50 Hz. On prévoit que la cause de ce type d’instabilité
est la suppression de la croissance des bulles.
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BESTIMMUNG DER DRIFTGESCHWINDIGKEIT UND DES DAMPFGEHALTS
VON BLASEN- UND PFROPFENSTROMUNG BEIM SIEDEVORGANG VON
STROMENDEM WASSER BEI HOHEREN DRUCKEN

Zusammenfassung- -Die Driftgeschwindigkeit ist mittels ultraschneller Fotografie bei hoheren Driicken fiir
Blasen- und Pfropfenstrémung in einem 10m langen natriumbeheizten Dampferzeugerrohr mit 0,008 m
Innendurchmesser gemessen worden. Die Betriebsbedingungen fiir die Experimente waren: Druck
43~-18 MN/m?; Massenflul 51-107 kg/m?s; Unterkithlung am Austritt: 0-1,3 K; Dampfgehalt
0,0008-0,26. Die Daten sind mittels einer dimensionslosen Gleichung korreliert worden. Fiir die
betrachteten Betriebsbedinguggen dndert sich die Driftgeschwindigkeit nicht wesentlich. Um den
Dampfgehalt fiir einen weiten Bedingungsbereich in kreisrunden Rohren von kleinem Durchmesser, in Spalten
und rechtwinkligen Kanalen zu bestimmen, ist die Korrelation vom Verfasser leicht gedndert worden. Die
Korrelation ist sowohl fiir hohe als auch fiir niedrige Massenfliisse giiltig. Der Stromungswiderstands-
koeffizient fiir die Bewegung einer Blase (oder eines Pfropfens)in einem turbulenten Wasserstrom konnte als
Funktion der Reynolds-Zahl der Blase (oder des Pfropfens)und der Geometrie dargestellt werden. Wihrend
der Experimente im Druckbereich von 4.3 MN/m? bis 14,2 MN/m? #nderte sich die Strémungsform im
Testrohr periodisch von Blasenstromung in Pfropfenstrdmung. Die Frequenz der wahrgenommenen
Instabilititen variierte zwischen 10 und 50 Hz. Als Ursache dieser Art Instabilitiit ist anzunchmen, daB das
Wachsen der Blase unterdriickt wird.

OTIPEAEJIEHUE CKOPOCTU APENU®A Y UCTUHHOI'O OBBEMHOI'O
TNMAPOCOJEPXAHUSA [Jis1 MY3BIPBKOBBIX U CHAPAJHbLIX PEXXMMOB
TEYEHMA TP KMINIEHUKU B NOTOKE BO/ibl I1PU MOBLIIIEHHLBIX JABJIEHUSIX

Angorauua — CkopocTh Apelida npy MOBbILLICHHOM AABJCHUM U3MEPATACH C IOMOLULIO BBICOKOCKO-
POCTHOMN CHEMKM [UJISl PEXKUMMOB IY3bIPbKOBOI'O M CHAPALHOTO TEYEHMsi B MAPOTEHEPATOPHOM TpyOke
anuHo# 10 M U gnamerpom 0,008 M, HarpeBaemoit HaTpueM. OnbIThl IPOBOAWIHCH [IPH JABICHUH
4,3-18 MH/m?2, maccoBoMm pacxoge 51-107 kr/m? cek, Heporpese Ha Buixone 0~1,3 K u xoaddunvenre
HUCTHHHOIO 0GBbeMHOro mapocogepkanus 0,0008-0,26. ankbie obobwanuck ¢ nomousio 6eipas-
MEpPHOTO ypaBHeHus. B paccMaTpuBaeMbix paboyMX YC/IOBHSIX 3HAYUTENLHOrO U3MEHEHHS B CKO-
poctu npefiba He HabGnroganock. [nsf onpeaeneHHs WMCTHHHOTO OOBEMHOIO NAPOCOAECPKAHUA B
LUMPOKOM [HANA30HE YCHOBUM, HMEIOIUMX MeCTO B TpyDax HeOONBLIOFO AUAMETpa, KOJbLEBHIX
W NPAMOYIOABHBIX KaHaNax, NpeiokeHHas aBTOPOM KPUTEPHAIbHAA 3aBUCUMOCTL Obll1a HECKOBKO
BHJAOM3MEHEHa. DTa 3aBHCUMOCThL CMPAaBEAJIABA KaK IPHU BLICOKMX, TaK U IIPM MaJbiX MAacCCOBBIX
pacxogax. Iloka3zano, uro xo3pduLUMEHT cONpOTHBACHNA 0N Ny3bipbka (WM cHapsia) B TypOy-
JIEHTHOM [OTOKE BOISHOTO mapa sasisercst dynkumeil yucna PeifHonbaca AfA TMy3bIPBKOBOro (MIiH
CHapsIHOrO) peXuMa TEYCHHsi M TeOMETpMM KaHana. B npouecce JkcrepuMeHTa (B /JHana3oHe
naBaenu# ot 4,3 MH/M? no 14,2 MH/M?) kapTuHa TeueHHs B TpyOKe NMEPHONMYECKH U3MEHAIIACH
OT Ny3LIPLKOBOIO A0 CHapsaHoOro pexuma. Yacrora nepuoaos cocrasnsia ot 10 no 50 ru. Ipen-
MOMATAETCs, YTO NPUYMHON TAKOTO THIA HEYCTONYMBOCTY SBAAETCA NOAABJEHUE POCTA MY3LIPHLKOB.



