V.0.Tuz,
orcid.org/0000-0002-4691-4890,
N. L. Lebed*,
orcid.org/0000-0002-2194-4911,
N. S. Kulesh,
orcid.org/0000-0002-1325-518X

https://doi.org/10.33271/nvngu/2023-4/068

National Technical University of Ukraine “Igor Sikorsky Kyiv
Polytechnic Institute”, Kyiv, Ukraine
* Corresponding author e-mail: nata.lebeddom@gmail.com

HYDRODYNAMICS OF VAPOR-LIQUID FLOWS IN CURVILINED CHANNELS
OF SEPARATION DEVICES OF POWER PLANTS

The main factor that affects the efficiency of the separation process is the lack of contact with the surface of the shutter when moving
in the flow of small droplets of wet steam. This process depends on the physical and chemical properties of the wet vapor, the dispersion
of the droplets, the parameters of the movement of the two-phase medium, adhesion and edge angle, and the geometry of the channel.

Purpose. Determination of the limit modes of operation of separation shutter devices depending on the dispersion and quan-
tity of droplet liquid, flow parameters and geometric characteristics of curved channels.

Methodology. The methodology is based on the analysis of the physical model of the movement of a two-phase medium under
the action of mass and gravitational forces in a curved horizontal channel.

Findings. A mathematical model is presented for determining the trajectory of a liquid droplet in a curvilinear corrugation
channel of the louvered package of a separator-superheater. The main conditions of film destruction and dynamic droplet break-
up are defined. A method for expanding the range of stable operation of separation devices is proposed. Based on the obtained

correlations, the design of the blind package is optimized.

Originality. Based on the analysis of the physical model of the movement of a two-phase medium in a curved horizontal chan-
nel, a mathematical model was developed and the limit of capture of the dispersed phase was determined.

Practical value. The presented results allow optimization of separation devices of boiler drums, horizontal steam generators and
steam superheater separators of the II circuit of VVER-1000, fuel preparation systems of GTU.

Keywords: two-phase medium, shutter separator, curvilinear movement of a drop, hydraulic mal distribution

Introduction. Modern TPP and NPP power units are the
complex technical systems with a large number of the inter-
connected main and auxiliary technological equipment which
ensures the production of electrical and thermal energy ac-
cording to the load schedule. Such systems are characterized
by multi-parameters, the complex structural and functional
connection of parameters, the presence of restrictions on the
change of parameters and connections, functioning under the
impact of random factors, the complexity of physicochemical
processes. To analyse the process of separating the liquid drops
from a two-phase medium, a typical design of a steam super-
heater separator (SSS) was chosen.

The last stages of a steam turbine operate in the area of wet
steam whose parameters are related to the processes of form-
ing, transforming and transferring the liquid in the area of a
two-phase medium. Decreasing the moisture content allows
reducing both mechanical losses from humidity and erosive
wear of equipment elements.

During the process of long-term operation, a certain devia-
tion of parameters of the operating medium after the steam super-
heater separator has been found, namely, decreasing the tempera-
ture of the vapor by A7 = (3—5) °C. As a result of such processes,
there occur deteriorating the operating conditions of the last
stages of the low-pressure cylinder (LPC) of turbine and decreas-
ing technical and economic characteristics of the turbine. Based
on the above, it is possible to conclude about the relevance of the
analysing and researching the processes taking place at the SSS.

The efficiency of the drying process in the steam turbine plant
cycle. Alot of studies [ 1, 2] are dedicated to improving the design
of the LPC, which consider the problems of optimizing the op-
eration of low-pressure stages, choosing the places of steam ex-
traction and its consumption, erosive damage of the blade ap-
paratus. The last stage is an important element of the flow and
exhaust part of the turbine, which determines its power. The
requirements for operating the stage and exhaust are quite vari-
ous and are related to economy, power, reliability, resource, and
manufacturability. At the periphery of the blade device due to
flow separation, especially in variable modes, there is not only
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decrease in efficiency, but also increase in disturbances acting on
the blades vanes and, as a result, their reliability decreases [3].

The physical basis of forming the drop liquid at the flow
part of the LPC is related to the thermodynamics of the cycle
according to which the steam turbine unit of the two-circuit
VVER-1000 reactor plant operates. Analyzing the efficiency
and selecting the parameters at characteristic points of a steam
turbine with intermediate moisture separation and steam over-
heating are performed in the articles [4, 5]. Applying the sepa-
ration devices in the technological scheme for removing mois-
ture between the high-pressure cylinder (HPC) and the LPC
allows reaching the final humidity (I — x) = 14.3 %. As is
known, the intermediate overheating of the working fluid in-
creases the thermal efficiency of the cycle by Aky; = (3—6) %.
For steam turbines of the NPP power units operating on wet
water vapor, the amount of superheat is At;, ,, = f, — (15—40) °C.
Such amount of intermediate overheating will not provide a
significant increase in A/, but it will significantly improve the
operating conditions of the last stages of the LPC because the
steam humidity will decrease to the value (1 — x) = 10.6 %.
Thus, the intermediate superheating of water vapor (steam)
with separation in saturated steam cycles is used to reduce
steam humidity at the turbine exhaust.

For the VVER-1000 power unit the installation of two
SSS-1000 type devices with two-stage steam superheating is
provided. In principle, the designs of all SSSs are similar [5]: at
the cylindrical body the louver-type separation blocks are se-
quentially located at the upper part, and two stages of the in-
termediate superheater are at the lower part.

The efficiency of the SSS separation devices. The separation
device consists of the following main elements: the inlet cham-
ber, the inlet collector, the louver blocks, the outlet collector,
and the drainage system. The SSS efficiency mostly depends
on processes of separating the drop liquid from wet vapor,
which takes place at the separation units. Like any hydraulic
system which consists of a certain number of elements (separa-
tion blocks) connected in parallel, it depends on the unifor-
mity of distributing the operating fluid on each of them. It is
possible to evaluate the perfection of the design of the inlet
chamber by the value of the hydraulic maldistribution [6]
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where (pW), cham and (pw),n ham Are actual and average mass flow
rates of the operating medium at the inlet chamber, (kg/m?- s).
The amount of hydraulic maldistribution of the steam flow
is slightly reduced due to the design of the inlet collector,
which, in turn, also affected the uniformity of the distribution
of saturated steam across the separation blocks. The amount of
maldistribution can be determined as
(p W)in col ,
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where (pw);, ., and ( pw)i,, s are actual and average mass flow
rates of the operating medium at the inlet collector, (kg/m?-s).
It should be noted that the fraction of the captured drop lig-
uid at the inlet collector mostly depends on the vapor flow rate.
When the speed at the entrance to the louver blocks increased
from 1 to 5 m/s, the part of the trapped liquid at the inlet collec-
tor decreased by 1.52 times. The total amount of hydraulic mal-
distribution of the inlet chamber and inlet collector was

Pon = Ponin col * Pon in cham = 2-2—2.6.

In such conditions the efficiency of separation units is sig-
nificantly deteriorated.

From the inlet collector, a wet vapor enters the louvered
packages, in which the main part of the drop liquid is removed.
The vapor flow passes through the louvered packages in the
horizontal direction. The limited allowable velocities of mov-
ing the vapor liquid film are determined by two processes [7]:

- lack of contact with the louver surface when moving the
small drops in the wet vapor flow;

- secondary removal of the liquid drops from the wave sur-
face of the film.

Let us consider the movement of the two-phase medium at
the channel of the louvered package. The kinematic, dynamic
and energy characteristics of the two-phase medium can be de-
termined both by the actual values at the selected space-time
point and by the averaged values. Taking into consideration the
configuration of the channel, it is possible to assume that the
two-phase medium within one corrugation moves along a part of
the circle which is connected to the geometrically similar part of
another circle, but with the opposite twist of the flow. Under the
action of centrifugal forces, the movement vector of the liquid
drop is deviated from the movement vector of a vapor flow and,
when the momentum of the drop’s movement outweighs the ac-
tion of mass forces and the time of staying within the half wave of
the corrugation will be sufficient, it will contact the surface.

Given that the wet vapor is a two-phase medium, it is nec-
essary to analyse the forces that affect the movement of drops.

Hydrodynamic features of moving the two-phase medium in a
curvilinear channel. Primary removing the liquid drops. A small
number of experimental works are devoted to studying the
processes of hydrodynamics of two-phase flows in curved
channels. The main purpose of the research [8] was to develop
and to study a separation device which is structurally made as
a system of combined impact tees, and which is capable to
separate gas and liquid in a wide range of changes in mode
parameters. Limiting modes for complete separating of the
two-phase flows were determined. Based on the results of the
research, the map of modes was built, by which it is difficult to
assess the influence of dispersing the drop liquid on the bound-
ary coordinates of the characteristic zones.

Designing the separation devices assumes the availability
of reliable information on the local distribution of individual
components of the two-phase flow at the cross-section of the
device. The article [9] presents the results of studies on the dis-
tribution of the two-phase flow in foamed and annular flows by
using the conductivity sensor which made it possible to deter-

mine the dynamic profile of the flow, the interphase velocity,
sizes of drops and bubbles. According to the results of re-
searching, it was found that the velocity profile is like the para-
bolic one, and the maximum part of gas at the axis can reach
95 %. Furthermore, it was determined that the statistical dis-
tribution of drops by size does not depend on the radial posi-
tion. This conclusion needs additional confirmation.

Uneven distribution of the operating medium along the sys-
tem of parallel channels usually leads to decreasing the equip-
ment efficiency. Article [10] presents the results of experimental
studying of the hydrodynamics of the flows of the two-phase me-
dium at the system of parallel channels united by the collector in
the projectile mode of the flow. In accordance with the research
results, the model was developed considering the impact on the
characteristics of the distribution of the input reduced velocities
and forces affecting the flow. In fact, it is possible to determine
the value of hydraulic maldistributions by the research result.

An important factor, which must be considered when model-
ling the processes in inertial separation devices, is the curvature of
the channels through which the two-phase flow moves. The com-
plexity of the physical phenomenon, especially as to two-phase
flows, determines the limited number of experimental works in
which the results of research are given. The articles [11, 12] give
the results of studying the hydrodynamics of single-phase and
two-phase flows during moving in branches of 180° rectangular
cross-section. The correlation for determining the pressure loss in
channels with a high curvature coefficient was obtained.

It should be pointed out that according to the results from
[13], the impact of orientation on flow regimes disappears for
horizontal microchannels.

The solution of the problem of moving the sphere in a real
viscous liquid was obtained for the case of slow flow around
the liquid at Re < 1 [14]. It was considered that inertial forces
are not significant compared to viscous forces, and non-linear
terms of the Navier-Stokes equation, concerning the speed,
can be ignored.

When a viscous liquid flows around a drop, the direction of
the resultant of pressure forces coincides with the velocity vec-
tor of the liquid. The resultant of normal stresses is determined
by the following expression

F, =Fp=_[(pr0 -c080)-2- 712 -SiNOAO=2- -1y - -1,

In the case of axisymmetric motion on the sphere surface,
the tangential stress 1,4 in spherical coordinates is determined
as follows

(o), =| Lo | 3Rl
0 or )., 2.1,

The resultant of friction forces can be found by integrating
over the surface of a drop

F,=[(1,4-sin0)-2- 712 -sin0d0 =471y - -

The total resistance force for a spherical drop is determined as
F.=6-1 ry-u- U, (1)

The Stokes formula (1) allows us to calculate the speed of
free fall at a stationary mode if the force of gravity is balanced
by the force of resistance

4 U U
Fy=5men (o' =p").

For convenience, we use the resistance coefficient C, in
dimensionless form as a function of the Re number
c — 6-m-ry-u-u, 24
=

I, 5 > Re
— p . uw . T[ . rO

2

2
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The solutions obtained are valid only for spherical particles
of sufficiently small sizes (less than 0.1 mm in diameter). The
analysis of the Stokes solution given in [ 14] made it possible to
increase the accuracy of calculations due to inertial terms of
the equation of motion. The dependence for determining the
resistance coefficient was obtained as a result

c, =2 [1: 3 Rel. 3)
Re 16

It is important that dependence (3) is much more accurate
than dependence (2); furthermore, it can be applied for Re <5.

Thus, taking into consideration the movement of a single
liquid drop in a curvilinear channel in the flow of wet vapor, it
is possible to determine the conditions of its probable contact
with the surface of the corrugation. Let us assume that the
drop moves along the channel axis at the entrance to the cur-
vilinear part of the channel. The average drop residence time
at the corrugated channel at 0 < ¢ < n/2 within one wave is

N
— Zod)
= or’

Wo

where s,,, is the way covered by a drop in the case of its move-
ment along the axis of the channel, m; w; is the average speed of
the movement of the vapor-liquid mixture at the channel, m/s.

Before contacting the surface of the corrugation, a drop must
overcome a distance at the initial cross-section, which is perpen-
dicular to the axis of the flow direction, half the distance between
the walls of the corrugations (Fig. 1). The actual way that a drop
will overcome while constant deceleration movement takes place
with the initial speed w, in time T, is determined by

a-?

2
The kinetic energy of a drop is spent on the work that needs
to be done to overcome the resistance when moving in the di-

rection perpendicular to the movement the flow of wet vapor.
So, the acceleration when a drop slows down is defined as

Sy =Wy T—

where m is mass of a drop, kg.

Accordingly, the acceleration with which the moving drop

is slowed down is determined as
Fﬁ:E.p”-W‘%-ﬁf -C,. 4)
2

The resistance coefficient C, in equation (4) is determined
by formula (3).

Researching the process of separating the drop liquid from
wet vapor was performed based on the given model. Generalis-
ing the research results was carried out by using the similarity
theory. The equation form must consider both the thermo-
physical properties of the liquid and vapor, as well as the mode
parameters and geometric characteristics of the system. In the
general case, the similarity equation is as follows

Fig. 1. Scheme of a drop movement between the walls of the
corrugations

Re= Re[Bo, We,“). 5)

"

n

Only surface tension forces try to give the shape of a sphere
to a drop among all forces that significantly affect the hydrody-
namics of two-phase systems. Therefore, in the general case,
the inequalities must be followed

_4'g'(P'*p”)"'02
B c

Bo <1

5
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We can consider the inequalities (6) as conditions for saving
the sphericity of a drop. Otherwise, we do not recommend using
the equations (3 and 4). The first inequality is typical for hydro-
statics problems, and the last one — for drops that move [14].

Fig. 2 presents the results of studying the hydrodynamics of
the drop movement within the wet vapor at P="7.64 MPa and ,
=170 °C. The mode, in which the initial speed of a drop was
determined at the drop size changes under the contact with the
surface of the corrugation, was chosen as the determining one.
Considering equation (5), we obtained the following correlation

,N\0.15
Reo:6.4764-Bo°-25-We°'5[“”j . %)
1)

The equation (7) is valid in the range of change
6.22785- 1077 < B0 <9.7989 - 1073;
1.025-107°< We<4.48 - 107,

The analysis of the results obtained determines the conditions
of contact of liquid drops with the surface of the corrugations of
the louvered separator when the condition of a drop sphericity is
performed in the entire range of changes in the mode parameters
of the wet vapor and the geometric characteristics of the system.

‘We would like to point out, considering the process of the
drop movement under the influence of gravity is no less im-
portant than simulating the movement of a liquid drop at the
horizontal plane of the curvilinear channel of the corrugation
of the louvered package. The monography [14] considers in
sufficient detail the features of hydrodynamics of moving a
single drop or bubble in a stationary medium, having different
densities. The speed of falling liquid drops in a gas can be cal-
culated with sufficient accuracy considering the assumption as
to the constancy of the resistance coefficient.
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Fig. 2. Hydrodynamics of the drop movement in wet vapor
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where Ap=p’' —p".

The common solution of the equations of the given model
will allow determining the trajectory of the drop liquid move-
ment at the curvilinear channel of the corrugation of the lou-
vered package of the steam superheater separator.

The limit mode of breaking the film stability. Secondary re-
moval of liquid drops. The liquid, caught in the separation pro-
cess, forms a liquid film on the surface of the channel. The film
parameters: its thickness and a stream mode depend on the
amount of a trapped liquid, a surface tension and boundary wet-
ting angle, as well as on the balance of forces. The description of
the hydrodynamics of moving the vapor flow and liquid film
consists of differential equations of moving and continuity for
the liquid and vapor phases. The tangential and normal compo-
nents of the stresses from the vapor on the surface of the liquid
film can be expressed by the dependence due to deviating the
surface of phase separation from the area & = J,, which corre-
sponds to the surface of the liquid film undisturbed by the waves.

The mode, under which the stability of the stream of the
two-phase flow is disturbed under a defined thickness of a liq-
uid film and under increasing the speed of the vapor or gas
flow, is the mode characterized by the beginning of drop re-
moval. During formatting the drops by the breaking off a liquid
from the ridges of the film surface which is formed on the walls
of the louver because of depositing under the action of inertial
forces, an important problem is the certainty of the results of a
physical experiment, namely, determining the mode of viola-
tion of the stability of the film stream. Two methods are used
to identify such modes in practice.

When determining the limit modes, R.Nigmatulin and
V. Nikolaev [14] measured the temperature, pressure, and flow
rates of the components of the steam-water or air-water mix-
ture at the entrance to the measuring section

D:Dv+Ddrs

where D is the total mass flow rate of the steam-water mixture,
kg/s; D, is mass flow of wet vapor, kg/s; D,, is mass flow rate of
the drop liquid, kg/s.

The liquid flow rate in the film D, and changing the pressure
at in separate sections AP were determined along the measuring
section by the suction method. The tangential stress on the pipe
wall t,, and on the surface of the film 1, was determined by
changing the pressure at the measuring section. At the specified
flow rate at the entrance to the experimental area, a salt solution
was supplied to the wall area, and D, was determined by the salt
concentration in the liquid samples that were suctioned.

The studies by S.Kutateladze, Yu. Sorokin and M. Bez-
rodny [14] accepted the vapor flow speed with the smallest
value of the Reynolds number Re at the correlation curve of
the hydraulic resistance coefficient, as the critical speed which
determined the beginning of the choking process.

Unlike the heat and mass exchange devices, where the va-
por-liquid flow can move vertically counter-currently or in
one direction, at the channels of shutter separators the gener-
ated liquid film is affected by the forces of gravity, friction and
tangential stress which is caused by moving the flow of wet va-
por. As a result, the liquid moves in the film along the complex
trajectory: from top to bottom and from the entrance to the
shutter channel to its exit. A significant flow of the film enters
the drainage collector and is evacuated from the SSS, but a
part of it is collected at the outlet edge of the channel plate as
a spindle-shaped stream.

If the vapor-liquid system is in the equilibration condi-
tions, then the equations of hydrostatics are performed in each
of the interacting phases

p=po+gh.

And, the Laplace formula will be solved for each point of
the section surface, which is determined by the radius vector »

P —py =20

By these equations, it is possible to obtain the basic equa-
tion of the hydrostatic equilibration of the vapor-liquid system

20H(r) = (p'=p") - F(r) + C, ®)

where p’ and p'" are the density of liquid and vapor; F(r) is the
potential of mass forces.

Considering the fact that the curvature H is a differential
operator, then formula (8) is a differential equation whose in-
tegral determines the form of the phase separation. The equa-
tion (8) takes the following form in the system that is under
tranquillity conditions F(r)=g - z

26H(r)=%x(p'—p")-g- 2+ C,.

The constant in the equilibration equation determines the
pressure drop at the “zero” position of the level

2
C,=26H(0)= i

The numerical solution of general problems of hydrostatics

[14] for capillaries of a small radius 7, :%‘ <0.5, (where bisa

capillary constant) made it possible to obtain the equation of
the pre-detaching equivalent drop radius

3.r-c
R = /*
3 2.g.(p!_prr)

The monography [14] proposes to use the Fritz correla-
tion to determine the pre-breaking off drop diameter for
“capillary wall — liquid” systems with boundary wetting an-
gles 0, = 60—140°

D.=2-R.=0.0207-6. 5| ———. ©)
g(r'-p")

The process of dynamic removal of drops is characterized
by interacting the pulsations, surface tension forces, viscosity
forces and inertial forces. The physical experiment made it
possible to determine the fact that removing the drops oc-
curred only from the crests of large wave sizes. At relatively low
velocities of the vapor flow, the waves are deformed and de-
stroyed followed by the removal of liquid drops from the crests.

The conditions for destructing the film or dynamically
plucking the drops are determined by processes associated with
the Kelvin—Helmholtz instability. It is possible to conclude that
analytically similar problems cannot be solved, and the results of
experimental work do not always provide full answers for specific
problems. In addition to affection of the capillary, dynamic and
viscous forces on the liquid, the gravity force significantly affects
the conditions for the beginning of the dynamic removal of drops
from the film. In general, the criterion Weber number, which de-
termines the beginning of dynamic plucking of the drops, func-
tionally depends on the process parameters as follows

.0, -8
We,, = f[Lpl,va,pV -AL/AL ,Res}
Py c

The monography | 14] performed the important analysis of
the research by many authors, along with bringing their results
to the conditions of compliance. Fig. 3 presents the experi-
mental values of dimensionless parameters at the very begin-
ning of dynamic removal. Corresponding correlations were
obtained for the laminar film (Re; < 290). Taking into account
the humidity of the steam entering the SSS, the amount, geo-
metric dimensions of the louvered packages and the flow rate
parameters, the liquid film will be formed on the surface,
which will move in the laminar-wave mode.

‘We would like to note that some questions arise when ana-
lysing the research results from Fig. 3. Namely, why the upper
limit of laminar—wave movement of the film is limited by the
film Reynolds number Re; < 290, and not by Re; < 400. as

ISSN 2071-2227, E-ISSN 2223-2362, Naukovyi Visnyk Natsionalnoho Hirnychoho Universytetu, 2023, N2 4 71



generally accepted in the classical literature. In addition, there
is no argument as to the self-similarity of the process of the
beginning of the dynamic removal of drops from the film
Reynolds number Res. The monography [14] suggests using
the following correlation in this area

0.25
We, =8.5-p,-[ g 3] : (10)
p;-o

Correlation (10) meets the mode of changing film Reyn-
olds number in the range in accordance with the results of the
correlation research. A significant deviation of the research
results from correlation (11) is observed before and after this
range. To increase the accuracy of the calculations, the au-
thors propose to determine the beginning of a drop removal in
the laminar—wave mode of the film flow at Re; < 400 in ac-
cordance with the following correlation

P N

The size of drops upon breaking off is recommended to be
approximately determined by the Fritz correlation (9), where
the thickness of a plate of the louvered package is used as the
determinative size instead of the capillary diameter. The overall
dispersion of the drop diameter varies in a wide range. Drops of
a much smaller size make up a significant part in addition to the
drops formed because of secondary removal. Such drops do
not have the opportunity to contact the surface due to their
geometric dimensions, the speed of the vapor movement and
the geometric characteristics of the louver corrugations, and
they fly through the volume of the separation package. The size
of such drops is determined by correlation (7).

The research was performed using a capillary-porous
structure on the surface of the channel wall to determine pos-
sible methods, the purpose of which is to expand the range of
stable operation of separation packages. It is generally known
that using the capillary-porous structures contributes to inten-
sifying the processes of heat and mass exchange during the
processes of boiling and evaporation. In addition, the presence
of such structure on the contact surface can fully change the
hydrodynamics of the film flow. The geometric characteristics
of the capillary-porous structure, the channel dimensions, the

0.25
We,, =3.3205 Rl -[gJ : (11)
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Fig. 3. Results of experimental data processing at the beginning
of dynamic removal:
1—p=0.28 MPa, D=9.5 mm, air-water, lifting motion; 2—5 —
p=0.49—4.41 MPa, D =25 mm, steam-water, downward motion;
6 —p=2.9 MPa, D= 13 mm, steam-water, lifting motion; 7— p =
=0.1 MPa, D = 26 mm, air-water, horizontal flow; 8—11 — p =
=0.1-0.45 MPa, D =13 and 31.5 mm, air-water, upward flow

flow parameters of the two-phase medium and its thermo-
physical properties significantly affect the process.

During the research, a hydrodynamic feature of the film
stream on surfaces with a mesh capillary-porous coating was
founded, depending on the density of spraying. The modes
were divided into two ranges as to the film thickness: the film,
when the spray density changed, did not go beyond the upper
limit of the layer of mesh capillary-porous coating; and the
layer of mesh capillary-porous coating was flooded by the lig-
uid. The method from [14] was used to determine the limit
modes of the beginning of drop removal.

The following type of function was chosen to generalize
the experimental research as to determining the limit of viola-
tion of the hydrodynamics of the movement associated with
the beginning of the removal of liquid drops from the film

K:ﬂFrﬁr Wedr)’

er . 0.5

where K =% is the Kutateladze number;

(&7 -o-(p'=p")"
. A 3/4

Fry :%72/4) is the Froude number; We, =
5.5

=ﬁ is the Weber number.

p'=p"):

The results of experimental research of violation of the hy-
drodynamics of the movement of the two-phase flow in a
channel with smooth and mesh capillary-porous structure on
the wall are presented in Fig. 4.

The obtained results of the critical parameters of the two-
phase flow in channels with a flooded mesh capillary-porous
structure agree reasonably well with the results of determining for
channels with smooth walls [14] and have higher values under
condition, if the film does not go beyond the limits of the upper
layer of the coating. The ratio of the balance of mass flow rate of
the liquid film and the gas flow, which determines the lower
choking process limit which depends on the density of spraying,
the geometric characteristics of the channel, the size of the mesh
capillary-porous coating and the physical properties of the liquid
and gas, is generalized by correlations with an error of 7 %:

- in the range of spray densities, if the film does not go
beyond the limits of the mesh capillary-porous coating

K =0.106- Fr)%821 . wel 2,

- in the range of spray densities, if the mesh capillary-po-
rous coating is in a flooded state

K =0.0331- Frd5517 . e ;5.

The obtained correlations completes the mathematical de-
scription of the hydrodynamics of moving the two-phase me-
dium at the curvilinear channels of the louvered packages of
the separation blocks of the power and chemical equipment.

Conclusions. Deteriorating operating conditions of the last
stages of the LPP and reducing technical and economic char-
acteristics of the turbine are largely due to the processes which
take place at the SSS. The SSS efficiency largely depends on
the processes of breaking off the drop liquid from wet vapor,
which takes place at separation blocks and depends on many
factors. The most significant factors are the irregularity of dis-
tributing the wet steam on the individual louvered packages,
which is estimated by the amount of hydraulic maldistribution
of the inlet chamber and inlet collector, and by the process of
catching the drops at corrugated channels.

The main factor that affects the separation process is the
lack of contact with the surface of the louver if the small drops
move in the flow of wet vapor. This process largely depends on
the physical-chemical properties of the wet steam, dispersion
and parameters of the two-phase medium movement, wetta-
bility, and channel geometry.

The physical features of the two-phase medium movement in
curved channels were analysed. Modelling the process of separat-
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Fig. 4. Stability of gravitational film flow during counter-cur-
rent movement of liquid and gas:

1 — capillary-porous structure; 2 — flooded pipe

ing the drop liquid from wet vapor was performed, the research
results were summarised, and the correlation was obtained. The
process of moving a drop under the force of gravity was consid-
ered. The joint solution of the equations of the above model will
allow determining the trajectory of moving a liquid drop at the
curvilinear channel of the corrugation of the louver package of the
steam superheater separator and to optimize its design.

The main conditions for the destructing the film and the dy-
namically breaking off the drops, which are related to the Kel-
vin—Helmbholtz instability, were determined. Not only the capil-
lary, dynamic and viscosity forces, but also the gravity force acts
on the liquid, which significantly affects the conditions of the
beginning of dynamic removing the drops from the film.

A method to expand the range of stable operation of sepa-
ration packages by using a capillary-porous structure on the
surface of the channel wall was proposed.

The obtained results of the critical parameters of the two-
phase flow at the channels with a flooded mesh capillary-po-
rous structure agree reasonably well with the results of deter-
mining for the channels with smooth walls [14]. The critical
parameters have higher values at the channels with a mesh
capillary—porous structure, if the film did not go beyond the
limits of the upper layer of the coating.
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OCHOBHUM YNHHUKOM, 1110 BIUTMBAE Ha e(heKTUBHICTb IIPO-
Liecy cerapallii € BiICYTHICTb KOHTAKTy 3 IOBEPXHEIO Kalto3i
PU pyci B OTOLIi BOJIOTO1 Napy Kparesib Majioro po3mipy. Lleit
MPOLIEC 3a71eKUTh Bill (hi3MKO-XiMiYHUX BIACTMBOCTE BOJIOTOi
Tapy, TUCTIEPCHOCTI Kpariesib, TTapaMeTpiB pyxy IBoda3zHOro
cepenoBuIa, aaresii Ta KpaiioBOro KyTa, reOMeTpil KaHaiy.

Merta. BuzHaueHHS rpaHUYHUX PEXUMIB pOOOTH cernapa-
LIMHUX KaTI03iHHUX IPUCTPOIB Yy 3aJ€KHOCTI BiJ AUCIIepC-
HOCTI I KUJTBKOCTI KpanejabHOI PiIMHU, MapaMeTpPiB MOTOKY Ta
FeOMETPUYHUX XapaKTePUCTUK KPUBOJIIHIMHUX KaHaJIiB.

Mertomuka. Metonoiorisi 3acCHOBaHa Ha aHali3i (i3nyHOL
MozeJli pyxy ABo(a3HOIo cepeIoBMILIA i1 JiEI0 MACOBUX i rpa-
BiTAUiHUX CUJI Y KPUBOJIiHIHHOMY TOPU30HTAJIbHOMY KaHaIi.

PesynpraTun. [IpencraBieHa maTemMaTuuyHa MoOnENb JJISI
BU3HAYEHHS TPAEKTOPIl pyxy Kparuli piluHU Yy KPUBOJIiHiii-
HOMY KaHaJii ropH XKalto3iiHOTOo MakeTy cernaparopa-Inapo-
neperpisaya. BuzHaueHi OCHOBHI yMOBU pyiiHYyBaHHSI ILJ1iBKU
1 AMHAMIYHOTO 3pUBY Kparesb. 3alpornoHOBaHO METOJI PO3-
LUMPEHHS iana3oHy cTabiIbHOI pOOOTU cenapaliiHuX Npu-
cTpoiB. Ha migcraBi orpruMaHuX KOpessiiiii BUKOHAHA ONTH-
Mi3allis KOHCTPYKLIil KaIt03ii{HOTO MaKeTy.

Haykosa HoBu3Ha. Ha ocHoOBi aHani3y ¢iznuHoi moaeni
PyXy BO(a3HOTO CEpPeNOBUINA Y KPUBOTIHIHHOMY TOPU30H-
TaJIbHOMY KaHaJli po3pobJjieHa MaTeMaTUYHa MOJEJIb i BU3HA-
YeHa rpaHUIIs YJIOBJIEHHS TUCTIEPCHOI (hasu.

IIpakTiyna 3HaummicTs. [IpencraBieHi pe3yabTraTd 10-
3BOJISIIOTh BUKOHATU ONTUMI3allilo cenapauiiiHuX NpucTpoiB
OapabaHiB KOTJIiB, TOPU30OHTAJIbHUX MTAPOreHEPaToOPiB i cerna-
patopiB-naponeperpisauiB Il koutypy BBEP-1000, cucrem
nanuBonpurotryBaHHs ['TY.

KimouoBi ciioBa: dsogasme cepedosuuye, ycarto3itiHuil cena-
Pamop, KpusoAiHitiHuil pyx Kpanai, eidpaeaiuna po3eipka
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