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Abstract.To increase the efficiency of vibration-pneumatic machines, it is proposed to use the heat generated
during the operation of their compressor. The processes of converting the thermal energy of heated water into useful
mechanical work are analyzed. The process of converting thermal energy into mechanical work during the
implementation of a "triangular" thermodynamic cycle was taken into account. To organize this cycle, it is proposed to
introduce a wheel into the design of the vibration-pneumatic machine, which provides the drive of the vibration
mechanism. Previously, an electric motor was used for this purpose. The exclusion of the electric motor increases the
efficiency of the machine and reduces its categorization due to the secondary energy resource.

The analysis of the literature showed a rather arbitrary approach to determining the parameters of steam-air
bubbles at the inlet to the nozzle of the impeller of the machine. The aim of the work was to establish the dependence of
the ratio of the radii of steam-air bubbles at the inlet to the nozzle of the impeller of the machine and in the condenser on
the degree of expansion of the "triangular" thermodynamic cycle. The expansion parameter of the cycle is the ratio of the
water pressure in the inlet section of the nozzle to the pressure of the vapor-air medium in the condenser of the
machine.

A physical and mathematical model of the formation of vapor-air bubbles-nuclei of the heterogeneous boiling in the
upper layer of water in the condenser pan by "capturing" air when drops are falling into the pallet is proposed. As well as
changes in parameters of the vapor-air bubbles before entering the nozzles installed on the drive wheel of vibration-
pneumatic machine. Based on the physical model, a system of algebraic equations is constructed to determine the
composition of the vapor-air medium and the radius of bubbles in the inlet section of the nozzles. Solutions of this
system of equations are investigated by numerical methods.

It was established for the first time that the ratio of the radii of bubbles in the condenser and at the inlet to the
nozzle of the drive wheel of machine is proportional to the expansion parameter of the thermodynamic cycle of the
machine with an indicator of the degree of 0.3. Establishing the relationship between the radius of steam-air bubbles in
the condenser and at the inlet to the nozzle will allow us to scientifically determine, and not to arbitrarily set the
parameters of the discrete phase in the inlet section of the nozzle of the machine. This improves the accuracy of the
entire algorithm for determining the parameters of the wheel of the machine, depending on the parameters of the
working fluid at key points of its circulation circuit.

Keywords: vibration-pneumatic machine, drive wheel, steam-air bubbles, radial feed tubes, nozzles of drive wheel,
condenser, two-phase flow.
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Introduction. The activities of mining enterprises produce a large amount of
waste in the form of mine rocks, mineral processing waste, slag, and so on. Waste is
stored in dumps that occupy large areas and dramatically worsen the ecological
condition in mining sites: dust and gas contamination of the air basin, pollution of
water resources and other similar processes. The increase in the depth of development
leads to a wider use of mining technologies with the backfilling of mined-out.
Limited stocks of raw materials for the preparation of stowing materials cause the
need to increase the volume of use of mine rocks for these purposes. To solve the
problem of disposal of environmentally significant waste from mineral mining is
possible by reducing the volume, and, ultimately, by complete exclusion of rock
feeding to the surface.

One of the options for mechanization of the technology for leaving rock in the
mined-out space is the use of a vibration-pneumatic method [1] for its stowage. The
use of vibration-pneumatic machines (VPM) at mining enterprises can be
significantly expanded. To do this, it is necessary to use the secondary heat that is
formed during the operation of the VPM compressor. Therefore, the processes of
converting the thermal energy of heated water into useful mechanical work are of
scientific and practical interest.

From these positions, attention was drawn to the process of converting the
thermal energy of heated water into mechanical work during the implementation of a
"triangular" thermodynamic cycle [2]. Thus, it is proposed to introduce a wheel into
the design of the VPM to provide it with the drive of the vibration mechanism. So,
during its operation, the drive wheel of machine (DWM) implements a "triangular"
thermodynamic cycle due to the heat of secondary energy resources (SER), which are
developed during the operation of the compressor.

The physical and mechanical process of the VPM drive wheel is as follows. In the
nozzles of the wheel, the working medium (water heated to a certain temperature)
expands into the region of two-phase states in the diagram "p-v". The nozzles are
located on the periphery of the radial feed (heated water) tubes (RFT).Heated water
enters through the wheel axle and moves in the RFT. The DWM is located in the
cylinder, where the required vacuum level is maintained. At the exit from the nozzles,
a two-phase vapor-air and drip flow moves towards to condenser located at the base
of the cylinder, whose axis is horizontal.

To close the circulation circuit of the working fluid in a "triangular" cycle, a
pump is used, which supplies water cooled in the condenser to the heat exchanger. In
this heat exchanger, the heat of the SER, which should be usefully used, is transferred
to the working body of the DWM. An analysis of the literature has shown that when
designing the drive wheel of the VPM, it is necessary to solve a number of scientific
problems. One of them is to determine the parameters of vapor-air microbubbles,
which serve as boiling centers in the nozzles according to the heterogeneous theory,
which we apply, giventhe low temperature of the SER. In solving this problem, some
ambiguities have been established.

Sometimes there is even an arbitrary choice of the radius of micro-bubbles of the
order of one micron [3] without taking into account the conditions of their formation.
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General statement of the problem.The two-phase flow undergoes changes in its
mechanical structure when moving in the nozzle of the machine. When boiling, the
initially bubbly structure of the flow during its movement along the nozzle turns into
a vapor-drop structure. Let us consider in more detail the transformations of the
mechanical structure of the two-phase flow in the DWM nozzle. Water heated to
temperature To enters the confusor of the nozzle under pressure po. The pressure is
decreasing. Under the influence of heat and mass transfer processes between the
phases, bubbles grow until the mechanical structure of the flow is inverted. After
inversion, the bubble structure of the flow turns into a drop-vapor structure, i.e. the
carrier and dispersed phases of the bubble flow change places in the already drop-
vapor flow.

These two two-phase flow structures are distinguished by a certain limit value of
the volume concentration of the dispersed phase Bi in the bubble flow.

R.I.Nigmatulin recommends [3] to use 7Z'/ (3\/5) for the limit value, which

corresponds to the volume concentration of spheres when they most densely fill the
space. A.A. Nakorchevsky and B.I. Basok recommend [4] to use for the limit
value /6, which corresponds to the volume concentration of spheres when they fill

the space at the nodes of the cubic lattice. We believe that the limit value of B;, which
is equal to /6, is more justified for the inversion of a two-phase flow. At this value

of the volume concentration of the vapor phase, the stability of the water partitions
between the bubbles becomes extremely low. It can be assumed that at B;, which is
equal to /6, the rapid transformation of water partitions into droplets already begins.

It is obvious that the correct and scientifically justified choice of the parameters
of the two-phase flow at the nozzle inlet is of great importance in order to develop
modes that increase the efficiency of the DWM.

Analysis of research and publications. The temperature of the heated water
after the heat exchanger at the entrance to the wheel of the machine is significantly
lower than the critical water temperature. Therefore, when determining the
parameters of bubble nuclei of boiling, it is necessary to proceed from the general
ideas of the heterogeneous theory of nucleation in [3,5]. R.I. Nigmatulin in his
research recommends using a radius value of the order of 1 microns for bubble
nuclei, and a concentration from 10'° to 10'? bubbles/m°.

However, it think that these parameters are taken very arbitrarily, based on
information about the size distribution of gas bubbles in water of various origins [5].
There are known works [6,7] in which the stability of the existence of gas bubbles in
water with a radius of about a nanometer is explained by the adsorption of sodium
ions on the surface of the bubbles. Sodium and chlorine ions are inevitably present in
water of any degree of purification. The ions adsorbed on the surface lead to
electrostatic repulsion, which prevents the bubbles from closing. The model of
formation of gas bubbles [6,7] was developed to explain the phenomena of
"breakdown" of water by a laser beam. These experiments are carried out in
stationary cuvettes of small volume. The interaction between atmospheric air and the
water layer in the cuvette i1s completely different in comparison with the hydro- and
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gas-dynamic situation in the DWM condenser. Therefore, the model [6,7] is hardly
applicable for the formation of vapor-air bubbles in the DWM condenser. For the
DWM condenser, it is necessary to formulate a well-defined physical model of their
formation based on the provisions of the heterogeneous theory of nucleation to
determine the parameters of microbubbles-nuclei with taking into account the
unavoidable presence of a certain amount of air in the internal space of the DWM and
possible features of its ingress into water.

Upon exiting the wheel nozzle, a two-phase mixture of water droplets and water
vapor enters the neck of the condenser. Water vapor condenses, and a layer of water
is formed in the condenser pan. Due to the inevitable inflows of air above the mirror
of the water layer, air is present along with water vapor. This air dissolves in
condensed water.

Therefore, it is necessary to determine the amount of air that can be "captured" by
the vapor-air bubbles in the upper layer of water located in the condenser tray.Based
on the analysis of the literature available to us, no such study has been conducted.
Thus, the absence of scientifically based methodology for determining the parameters
of vapor-air bubbles at the entrance to the nozzle constrains the wider use of VPM.
Therefore, the determination of the dependence of the radius of vapor-air bubbles in
the inlet section of the nozzle of the drive wheel of VPM on their radius in the
condenser is an urgent scientific task.

Highlighting the unsolved problem. Based on the analysis of previously
performed research and publications, we come to the formulation of the scientific
task: to investigate the influence of the parameters of the vapor-air mixture located in
the internal space of the DWM on the parameters of the vapor-air bubbles-nuclei of
the boiling process in the inlet section of the nozzles.

The aim of the work is to establish the dependence of the ratio of the radius of
bubbles at the inlet of the DWM nozzle to the radius of bubbles formed in the
condenser on the degree of expansion of the "triangular" thermodynamic cycle. The
degree of expansion of the cycle is the ratio of the water pressure in the inlet section
of the nozzle to the pressure of the vapor-air medium in the DWM condenser.

Research methods. To obtain this dependence, methods of analysis and
generalization of the results of well-known theoretical and experimental studies,
mathematical modeling based on the fundamental laws of mechanics and
thermodynamics were used. The tested solution algorithms were used

Presentation of the main material. Figure 1 shows the basic arrangement of the
evacuated cylinder / with a rotating turbine wheel 2 and a condenser connected to the
cylinder 3. Figure 2 also shows a pump 4 for returning cooled water through a heat
exchanger to the DWM nozzles and the tube 5 for pumping cooling water. A stream
(two-phase and two-component) of vapor-air and drip mixture falls on the surface of
the water in the condenser 3 at the exit from the DWM nozzles 2. The formation of
vapor-air bubble nuclei 7 in the upper layer of the liquid phase of water in the
condenser 3 can be explained by the capture of air when drops 6 fall on the water
surface.
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This process is the content of the first stage of the formation of vapor-air bubbles,
which will be the nuclei of subsequent boiling in the nozzle of the machine. It is
known that when a drop falls and it is further immersed in water, a small "pocket" is
formed on the surface of the water [8]. This "pocket", when closed due to the forces
of gravitational collapse of its edges and the forces of surface tension, forms a bubble
already under the surface of the water.

It is clear that the gas composition of the "pocket" and the subsequent bubble is
determined by the composition of the vapor-air mixture above the water surface.
Therefore, based on the above, the first stage of the formation of vapor-air bubbles
can be mathematically modeled by the equations

Ps (Tl,c)+ Pla- (Ug/“a)' Tl,c = (2 ) cY(Tl,c))/bl,c > (1)

me =Plq '(4/3)'75'1)1?26’ (2)

where ps(Tc) — 1s the pressure of saturated water vapor in the vapor-air mixture above
the surface of the water in the condenser at temperature 7¢, (Pa); U, is the universal
gas constant, (J/mol'K); p;. — 1s the density of air in the vapor-air mixture in the
condenser and bubble,(Pa); o(7c) — is the coefficient of surface tension of water,
(N/m); b;c — 1s the radius of the bubble, (m); m. — is the mass of air in the vapor-air
bubble, (kg).

For calculations according to equation (1), an approximation of the pressure of
saturated water vapor as a function of temperature was developed

T T 0.065
T, )=5477-10'0 . exp| 2 |.| ZL¢ expi5,2-107° - (T} . —373)x
ps,v( l,c) p(4923 383 p{ ( L,c )
(3)

«[7,65385- (1, —373) +23,08- (1}, —373)+ 1000} 1073 |,

which, in the temperature range from 25°C to 110°C, provides an accuracy of at least
0.1% in comparison with experimental data on the water vapor tables. For o(TC), we
use the dependence recommended in [9].

A vapor-air bubble with parameters b;,, and m., which are determined by
equations (1) and (2), is actually formed during the immersion of a drop of water at
the outlet of the nozzle into the water layer in the condenser. It is important that these
equations allow us to calculate the amount of air captured by the vapor-air bubble at
the first stage of its formation. This value is essential for the subsequent stages of
bubble formation and its transformation on the way to the inlet section of the nozzle.
To represent the progress of the process, we present the calculation results according
to equations (1) and (2). At 7. = 298 °C (25 °C) and p;« = 103 Pa, p2, = 3.62
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micrograms, the calculation according to equations (1) — (3) leads to the following
values b;. = 42.5 microns, m¢ = 1.16 picograms.

@ o

1-vacuum cylinder, 2-DWM nozzles, 3-condenser, 4-pump, 5-cooling water pumping tubes, 6-
water droplets, 7-steam-air bubble

Figure 1 - To the process of saturation of water in the condenser with air

Let’s consider the second stage of the formation of vapor-air bubbles in the
condenser. A bubble with parameters formed when a drop is immersed begins to
experience an external hydrostatic pressure of a very thin, about one millimeter thick,
upper layer of water in the condenser and, under this pressure, the bubble begins to
shrink to a radius b2 of temperature 7> and density p2., which are determined by the
equation of mechanical equilibrium. In order to determine all three quantities, this
equation should be added by the equations of the first law of thermodynamics and the
law of conservation of the amount of air in the bubble. Immersion of the formed
bubble in the water layer in the condenser is provided by two factors. The bubble is
formed from a "pocket" [8], which 1s formed when the drops 6 are immersed in water
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after they fall from the tubes 5. In addition, the pump 4 creates a sufficiently intense
hydrodynamic movement directed against the forces of Archimedean buoyancy.
Under the action of hydrostatic pressure in the upper water layer of the condenser, the
vapor-air mixture in the bubble is heated by the compression of the bubble, when
immersed in water.

The third stage of bubble formation consists in isobaric cooling of the bubble to
the temperature of the water in the condenser, which leads to its significant
compression. After the completion of the third stage of the formation of a vapor-air
microbubble nucleus, its radius is determined by the root of the equation

ps(Tl,c)+ (3'mc/4'7['b§’,c)'Ry,a 'Tl,c =Pw & 'hC +(2'O-(Tl,c))/b3,c 5 (4)

where, p, — is the density of water, (kg/m?); gis the acceleration of gravity, (m/s?);
h.—is the thickness of the upper layer of water in the condenser.

For 77 =298 ° C (25 © C), he 500 microns and m. = 1.16 pg, the root of the
equation (4) b3 = 12.9 microns determines the radius of the micro-bubble nucleus
upon completion of all three stages of its formation in the upper layer of water by
"capturing" air when drops fall into the condenser pan. To estimate the hydrostatic
pressure acting on the vapor-air bubble-nucleus after the second stage of formation,
we take in equation (4) the thickness of the upper layer of water in the HC condenser
of the order of 500 microns. This number is approximately 12 times larger than the
radius of the bubble at the end of the first stage of its formation.

Further, vapor-air bubbles with parameters bs., m., formed in the water condensed
after the nozzle, enter the circulation pump, the water heating heat exchanger, the
radial tube of the wheel of the machine, where centrifugal forces act, and the inlet to
the turbine nozzle. With vapor-air bubbles with the parameters b3, m., in these
elements of the equipment, the processes of adiabatic compression, isobaric cooling,
isobaric heating (in the heat exchanger), adiabatic compression when moving along
the radial feed tube and isobaric cooling are carried out immediately before entering
the nozzle. According to the known equations of mechanics and thermodynamics,
with taking into account R3., m., the parameters of bubbles can be determined for all
the above processes. However, to determine the radius bo of the bubbles at the inlet to
the nozzle of the wheel of the machine, this is not necessary. Because the radius by is
determined based on the condition of mechanical equilibrium, and to find the air
pressure in the bubbles, it is enough to know m..

The pressure at the inlet to the nozzle of the wheel of the machine under the
action of centrifugal forces can vary in the range from 50 atm to 350 atm. A greater
value is limited by the conditions for the strength of the DWM material. Therefore,
for the equation of the mechanical equilibrium of the bubble at the nozzle inlet, it is
necessary to choose some equation of the air state for high pressure. The Van der
Waals equation for air has a section of pressure reduction with increasing density.
The Betty-Bridgman equation for air has no such disadvantage. But the isotherms of
the Betty-Bridgman equation have significant quantitative discrepancies with the
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isotherms of virial equation of state (VES) of air [10], developed for the system of
standardized reference data. We will use the VES for calculations with high pressure.

Now the radius of the bubble by at the inlet to the nozzle of the DWM can be
determined by the root of the algebraic equation

pa,VESA(3'mc/(4 : ﬁ'bg)aTo)Jr ps(To)=ppwa +(2-2)/by &)

where pyesa(p, T) — is the analytical form [10] of the equation of state of the air of the
virtual type, (Pa); Tp — is the temperature of the heated water (after the heat
exchanger) at the inlet to the nozzle of the machine, (K); ppwa — is the water pressure
at the inlet to the nozzle, (Pa).

According to equation (5), the radius bo was calculated depending on the change
in the water pressure at the nozzle inlet in the range from 50 atm to 350 atm.

The results of the calculations and their comparison with the calculations for the
below established dependence (6) are presented in Table 1.

Table 1 - Results of numerical calculations and relative error of the established dependence (6)

Ne Pressure Degree of Radius of Ratio of Ratio of Relative
in\or | at the expansion bubble on radii radii errorin %
nozzleinlet, DWM (5), mkm on (6)
atm cycle
1 50 1547 1,67 7,67 7,76 1,2
2 100 3094 1,34 9,62 9,61 0,1
3 150 4640 1,17 11,02 10,87 1,35
4 200 6187 1,07 11,99 11,86 1,1
5 250 7734 1,01 12,77 12,68 0,7
6 300 9281 0,96 13,40 13,3 0,008
7 350 10828 0,92 13,92 14,03 0,8

Further, according to Table 1, the ratio bs3. to by was calculated and the
dependence of this ratio on the degree of expansion of the "triangular" cycle
underlying the work of the DWM was analyzed.

It is established that the obtained dependence can be approximated by the
following expression

by /by =(ep)"?* —0,553 , (6)

where ep — is the degree of expansion of the "triangular" thermodynamic cycle, which
is implemented during the operation of the drive wheel of VPM.

The data in Table 1 show the validity of expression (6) with an accuracy of at
least 1.5%. The exponent is calculated by the least squares method by processing the
data in Table 1. Thus, when determining the radius of vapor-air bubbles in the inlet
section of the DWM nozzle on the basis of the heterogeneous theory of nucleation
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and the fundamental laws of mechanics and thermodynamics, a new dependence has
been established, which is formalized by the relation (6).

Conclusion and direction of further research. A mathematical model was
developed for the formation of vapor-air bubbles-nuclei of heterogeneous boiling in
the upper layer of water in the condenser pan by "capturing" air when drops fall into
the pan.

According to the results of the work, it was found that the ratio of the radii of
bubbles in the condenser and at the inlet to the nozzle of the drive wheel of VPM is
proportional to the expansion parameter of the "triangular" thermodynamic cycle with
an exponent of 0.2885.

In the future, it is advisable to determine the conditions that ensure a continuous
increase in the speed of the two-phase flow in the DWM nozzles.

It is also necessary to solve the problem of deriving an expression for calculating
the reactive force developed by a two-phase flow in the nozzles of the drive wheel of
the vibration-pneumatic machines.
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AHoTauia. [ns nigBuweHHs edekTMBHOCTI poboTW  BiBpaLinHO-NHEBMATUYHMX MaLIMH  3anponOHOBAHO
BMKOPUCTOBYBATM TEMNOTY, sika YTBOPIOETLCA NMpu poboTi ii komnpecopa. lMpoaHaniaoBaHO MpoLeck NepeTBOPEHHS
TENNOBOI EHEpril HarpiToi BOAM B KOPWUCHY MexaHiuHy poboty. byB y3aTuii B yBary npolec nepeTBOPEHHS TEMnoBOl
eHeprii B MexaHiyHy poboTy npu peanisalii «TPUKYTHOrO» TEPMOAMHAMIYHOTO Lukny. [ns opraHisayii 4boro yukny B
KOHCTPYKLito BiOpaLiiHO-MHEBMATUYHOI MAaLLMHM 3aMpPOMOHOBAHO Aodatn pobove komneco, Wwo 3abesnevye npusig
BibpaLinHoro mexaHiamy. PaHile ans uiei MeT 3acTOCOBYBABCA €NEKTPOABWIYH. BUKMIOUEHHS enekTpoaBuryHa 3a
PaxyHOK BTOPUHHOMO EHEPreTUYHOrO PECYPCY MIABULLYE €PEKTUBHICTb MaLLMHU.

AHani3 nitepatypu nokasas JOCUTb JOBIMbHWNA MiAXia Y BUSHAYEHHI MapaMeTpiB naponosiTpsHUX Bynbballok Ha BXodi B
conrno po6oyoro koneca Malumhm. Lline po6oTu nonsrana y BCTAHOBMEHHI 3aneXHiCTb BiZHOCUHM pagiyciB NaponoBiTPSHUX
Oynbballok Ha Bxodi B conno pobovoro Koneca MallMHU M Y KOHAEHCATOpi Bif CTYNEHs PO3LWMPEHHS «TPUKYTHOIO»
TepMoAMHaMivHoro Lukny. MNapameTtp po3LUMPEHHs LWKNYy — BiJHOLLEHHS TUCKY BOAM Y BXIZHOMY MepeTwHi conna fo
TUCKY NaponoBITPSHOMO CepefoBuLLA B KOHAEHCATOPI MALLMHM.

3anponoHoBaHO  (hisnKo-MaTeMaTiHy Mogernb  (hOpMyBaHHS MaponoBITPSHUX BynbbalLok-3apoakiB  reTeporeHHoro
CKUMaHHS Y BEPXHLOMY LUapi BOAW B MIBAOHI KOHAEHCATOpa LUMSXOM «3aXOrnnieHHs» MOBITPS Npu NafiHHi kpanenb Y NigaoH, a
TaKOX 3MiHW X MapameTpiB 4O BCTyMy Y COMMa, WO BCTaHOBMEHi Ha poboYoMy Koreci MalumHu. Ha OcHOBI disuuHOi Mogeni
nobygoBaHo cuctemy anrebpaiuHux piBHAHb ANS BUSHAYEHHS CKNafdy NapomnoBITPSHOTO cepenoBuiLa 1 pagiyca GynbbaLlok y
BXiOHOMY nepeTuHi conen. YucenbHUMM MeTofamu JOCTIAKEH PO3B'A3KM Liei CUCTEMU PIBHSAHD.

Yneplie BCTaHOBMEHO, LIO BIiQHOWEHHS pagiycie Oynbbalok y KoHaeHcaTopi # Ha Bxogi B comno PKM
nponopLiHe napameTpy Po3LWMPEHHs TEPMOAUHAMIYHOIO LMKNY MalUuHX 3 NOKasHUKOM cTyneHs 0,3. YcTaHOBReHHS
B3aEMO3B'AA3Ky pagiyca NaponoBiTpsiHUX BynbbaLloK y KOHAEHCATOpI 11 Ha BXOZi B COMMO A03BOMMUTL HAYKOBO BM3HAYaTK, a
He [OBINbHO 3agaBaTtyl, NapameTpn AUCMEPCHOT (asun y BXIGHOMY NepeTuHi conna MalmnHi. Lie nigBuiye TOYHICTb YCboro
anropuTMy BU3HAYEHHs! NapameTpiB poboYOoro Koneca MaLUMHKM 3aneXHO Bif napameTpiB poboYoro Tina B KIOHOBUX TOUKaX
0o KOHTYPY LIMPKYnALi.

KntoyoBi cnoBa: BuOpaLjiHO-NHEBMATMYHA MalunHa, poboye Koneco, maponoBiTpsHI Oynbbaluky, pagianbHi
nopasanbHi Tpy6kK, conna pobo4yoro Korneca, KOHAEHCATop MaLLVHK1, ABOA3HNI NOTIK.

AHHoTaums. [Ins noBblleHns 3GMDEKTMBHOCTU paboThl BMOPALIMOHHO-MHEBMATUYECKUX MaLUUH MPeanioXeHo
ncnonb3oBaTh TEMNOTY, 0bpasytoLlytocs npu paboTe ee komnpeccopa. [poaHanManpoBaHbl MPOLECCHI NPEBPaLLEeHMst
TENNOBOV 3HEPruM HarpeToit BOAb! B NONE3HYI0 MeXaHN4eckyto paboTy. Bbin B3ST BO BHAMaHWe NpoLece npeBpaLleHus
TENNOBOI SHEPTUM B MeXaHWYeckylo paboTy npu peanusaumm «TpeyronbHOro» TepMOAMHAMMYECKOro Lukna. Ons
OpraHm3aLMy 3TOr0 LMKNa B KOHCTPYKLMIO BUOPALMOHHO-NHEBMATUYECKO MaLLMHbI NpeanoxeHo Aobasutb pabodee
koneco, obecrneunBaollee NpuBOA4 BMOPALMOHHOMO MexaHusMa. PaHblue AN 3TOA  LENM  NpUMEHSINCS
anekTpofBuraTenb. BbiknioyeHne anekTpoaBuraTens 3a CYeT BTOPWUYHOTO SHEPreTUYECKOro pecypca YBennuMBaeT
3heKTUBHOCTL MaLLMHBI.

AHanua nuTepatypbl nokasan 4OCTaTOMHO MPOM3BOIbHLIA MOAXOL B ONPEAENeHU NapamMeTpoB NapoBO3aYLUHbIX
nysblpeit Ha BXxofe B COMMO paboyero koneca MallmHbl. Lienb paboTbl 3akniovanach B YCTaHOBMEHWUN 3aBUCUMOCTY
OTHOLLEHUS PaZyyCOB NApOBO3AYLUHbIX My3bIpel Ha Bxoge B conno paboyero Koneca MallMHbl 1 B KOHAEHCATOpe OT
CTEMEHN PacLUMPEHUsI «TPeYronbHOro» TepPMOAMHAMMYECKOro LuMkna. MapameTp pacluMpeHust Lukna — OTHOLIEHWe
AaBNEeHNs BOLbl BO BXOAHOM CEYEHWW COMNa K AaBNEHMIO NapoBO3AYLUHON Cpefbl B KOHAEHCATOPE MaLLMHbI.
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lMpeanoxeHa u3nKo-maTematuyeckas Mogenb  (QOPMUMPOBaHUS  MapOBO3AYLWHbLIX  My3blpen-3apodbllueit
reTeporeHHoro BCKUMaHUs B BEPXHEM CMOe BOAb! B MOAAOHE KOHAEHcaTopa nyTeM «3axsaTta» Bo3fyxa npuw nageHun
Kanenb B MOAAOH, @ TaKKe W3MEHEHUs WX NapaMeTpoB K MOCTYNNEHUO B CONNa, yCTaHOBNEHHbIE Ha paboyem konece
MaLLVHbI. Ha ocHOBe (huanyeckon MoAeny NocTpoeHa cucteMa anrebpanyeckux ypaBHEHUI Ans onpeaeneHus coctasa
NapoBO3AYLWHOW Cpefbl U pagnyca ny3blpein BO BXOOHOM CEYEHWW comern. YMCneHHbIMM MEeTogamMu UCCIefoBaHbI
PEeLLeHNs 3TON CUCTEMbI YPaBHEHUH.

BriepBble ycTaHOBNEHO, YTO OTHOLUEHWE PajWycoB My3bipeil B KOHAeHcaTope M Ha Bxode B cormno PKM
MPONOpPLIMOHANbHO napaMeTpy pacluMpeHnst TepMOAMHAMMYECKOro LMKNa MallmHbl C nokasatenem crenewn 0,3.
YCTaHOBEHWE B3aMMOCBA3M paguyca napoBo3ayLUHbIX Ny3blpel B KOHAEHCATOPE W Ha BXOAE B COMIO NO3BOSUT HAy4HO
onpenensTb, a He NPOU3BONbHO 3afaBaTb NapameTpbl AUCNEPCHON (asbl BO BXOAHOM CEYEHWUM COMna MallmHbl. 310
MOBbILLIAET TOYHOCTb BCErO anropuTMa onpefeneHns napameTpoB paboyero koneca B 3aBUCUMOCTU OT MapameTpoB
paboyero Tena B KNIOYEBbIX TOUKAX €ro KOHTYpa LMPKYNALmMY.

KnioueBble cnoBa: BUOpaLMOHHO-NHEBMATUYECKas MalumHa, paboyee Koneco, NapoBO3AYLUHbIE My3bipw,
paguanbHble nogatomne Tpybku, conna paboyero koneca, KOHOEHCATOP MaLLMHbI, ABYX(a3HbIi NOTOK.
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