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UDC 621.165 1t has been established that in order to study thermo- and electrophysical phe-

nomena in wet steam turbines, studies of the wet steam flow volume charge
EXPERIMENTAL effect on its dielectric and thermophysical properties have recently been carried
EVALUATION out at A. Pidhornyi Institute of Mechanical Engineering Problems of the Na-
OF THE WET STEAM tional Academy of Sciences of Ukraine. According to their results, it was estab-

lished that the most representative electrophysical parameter, which allows to

FLOW ELECTRIFICATION evaluate changes in the thermophysical properties of steam, which occur under

EFFECTONITS the action of its own volume charge, is its dielectric constant. It is assumed that

the value of the dielectric constant of an electrified steam can be significantly
DIELECTRIC different from the value for a neutral steam, and a mathematical assessment of
PROPERTIES its possible change is made. It has been confirmed that the influence of electro-

physical phenomena caused by the wet steam flow electrification is significant,
Andrii V. Nechaiev but is not taken into account in the existing physical and mathematical thermo-
nechaev@ipmach kharkov.ua dynamic models of the steam expansion process. It is proved that in order to
ORCID: 0000-0001-6586-4713 clarify the main thermodynamic parameters and calculated characteristics of

the electrified wet steam flow, it is necessary to determine how its dielectric
Iryna Ye. Annopolska constant changes. On the basis of the analysis, the relevance of experimental
anna@ipmach.kharkov.ua determination of the dielectric constant of a wet steam flow with a volume
ORCID: 0000-0002-3755-5873 charge in order to obtain the dependence of its change on the temperature and
Volodymyr M. Lukianov pressure of the flow, as well as the density of the volume charge, is substanti-

ated. To perform the research, a gas dynamic laboratory plant, which allows to
obtain a wet steam flow with a volume charge, was used. The internal space of
the flow part of a real wet steam turbine has a significant size and allows the
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A. Pidhornyi Institute Jormation of a flow with a volume charge of a complex spatial configuration

of Mechanical Engineering and structure. It is emphasized that in the flow part of the plant of a small vol-

Problems of NASU ume, in contrast to the turbine flow part, significant technical difficulties arise
b

when organizing the conditions for the occurrence of a wet steam flow with a
volume charge. Taking this into account, at the first stage, it was decided to
conduct a study of a steam flow with a volume charge flowing into the atmos-
phere in a laboratory room with a sufficient volume to form its spatial structure.
To estimate the value of its dielectric constant, the inductive method (L-method)
of determining dielectric properties, in which the substance under study is in-
troduced into the inductive solenoid cell, was chosen. Experiments were con-
ducted and, according to the obtained data, it is possible to make a preliminary
assessment of the change in dielectric constant in the presence of a volume
electric charge in the steam flow.
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Introduction

In the previous paper [1], the subject of study was the influence of the volume charge of the wet steam
flow on its dielectric and thermophysical properties. Based on the analysis of the results, the relevance of the
experimental determination of the dielectric constant of a wet steam flow with a volume charge is substantiated.
However, it is worth remembering that the measurement of the dielectric constant (DC) of the flow of a two-
phase steam-droplet medium with a volume charge is a non-trivial scientific and technical problem. Until now,
the measurement of the dielectric constant of the steam flow was used in thermal power equipment to deter-
mine its humidity only under the conditions of the absence of electrification [2]. In addition, the dielectric con-
stant is one of the main parameters for monitoring the working fluid state, which allows to estimate not only its
humidity, but also its density and phase state [3]. One of the most common methods of the DC measuring is
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considered to be dielcometric using a capacitor C-cell, the advantage of which is low inertia and comparative
case of use, high reliability of the equipment. However, this parameter is measured, as a rule, only for the case
of an electrically neutral dielectric, and the studied substance is a dielectric placed in a measuring capacitor, the
capacitance of which depends on the dielectric properties. In addition, the presence of a volume electric charge
in the dielectric significantly complicates the processes in the capacitor cell.

In addition to the above, the paper [1] discusses various options for choosing a physical model of the
steam flow volume charge structure and its influence on the properties of the wet steam medium as a dielec-
tric (electrical conductivity, polarization, and energy dissipation). According to the results, it is assumed that
the water steam is in the electric field, which is created by positively charged droplets distributed in the vol-
ume. The conductivity of the medium under the influence of the volume charge field was assumed to be in-
significant, the energy dissipation losses under the influence of the variable component of the electric field
were assumed insignificant as well. In addition, the presence of small negatively charged droplets was not
taken into account. Polarization of water steam as a polar medium was considered the main factor of the field
effect on steam. Taking into account these assumptions, a qualitative electrical model of the steam flow with
a volume charge internal structure geometry was chosen. However, according to this model, there are sig-
nificant difficulties in experimental determination of the dielectric polarization in a capacitive C-cell, since
an external polarizing voltage must be applied to it. The static option of applying an electric field is unac-
ceptable in this case because it will excite conduction currents and interact with the volume electric charge of
the flow. Obviously, in this case, it is necessary to use methods with a variable polarizing field with parame-
ters that provide minimal disturbance to the environment under study.

Theoretical justification of the method

Taking into account the above-mentioned difficulties, the inductive method (L-method) of the Q-
meter for determining the dielectric properties of a liquid, given in papers [4, 5], was chosen to assess the
dielectric constant of a wet steam flow with a volume charge. According to this method, the studied sub-
stance is contained inside an inductor (L-cell) of a sequential oscillating circuit (Fig. 1).

The essence of the method is that the presence of a substance >
inside the L-cell of an oscillating circuit tuned to resonance with the , =
generator frequency G reduces the quality factor of the circuit Q, <f/3
causing losses of electromagnetic energy in the circuit, and changes L 41 v
its resonance frequency (correspondingly, the capacitance C value M) ml -
changes for the resonance condition) (Fig. 2). G ] C
The resonance condition of such circuit with quality factor : L
O=oL/Ris
2 1 R? 1 Fig. 1. The inductive method (L-method)
o =—- = , (1) L.
LC 4] 1 of the Q-meter for determining the
LC (1 +— J dielectric properties of a liquid:
4 1 — generator; 2 — L-cell with a liquid
where 0=2nfis the circular frequency of the generator signal; L is the sample; 3 — L-cell inductor;
a inductance; R is a active resistance of the inductor; C is the capaci- 4 — measuring capacitor
tance of the electric capacitor. L-cell
When 0>20, the contribution from Q can be neglected [4, 5]. N s T
Given that the L-cell has its own inter-turn capacitance, the resonance : - = 1
condition can be expressed as } - I} l T
G RN - S 1€
2 _ ; . )
L(C+Cy) Fig. 2. Electrical diagram of a sequental
This method makes it possible to determine the value of the circuit with an L-cell:
tangent of the dielectric loss angle (tg 8) of the liquid and its dielectric | G — alternator; L — inductance; R — active
constant ¢; (the index "L" indicates the inductive method of measure- | resistance of the inductor; C — measuring
ment) in weak electric fields of the L-cell according to the ratio capacitor; Co — inter-turn capacitance
of the inductor 1
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&= QICI_QZCZ :
Qle(Cl _Cz)

g, =a(AC-AC"), 4)

where Q,, 0,, C, C, are value of the quality factor and measuring capacitance of the oscillating circuit before
(index 1) and after (index 2) the introduction of the test substance into the L-cell; AC=C,—C,; is the change in
resonance capacitance when the test substance is introduced into the L-cell in a dielectric vessel, and AC” is the
change in capacitance when an empty vessel is introduced; a is the constant of the measuring cell, which is de-
termined by calibration experiments.

Considering the fact that the L-method was used to study the electrophysical properties of water and vari-
ous liquids contained in a test tube inside the L-cell or flowing through the cell in a dielectric channel, it was nec-
essary to find out the possibility of using the L-cell with steam flow at the first stage of experiments, and then
work out the technique of using the L-cell for working with a wet steam flow in a neutral and electrified state.

3)

Experimental part

The work was carried out on a gas dynamic plant [6]. The L-cell was installed on the section of the
nozzle, through which a stream of steam passed.

The diagram of the plant is given in Fig. 3, the structural diagram of the dielectrometric system is
shown in Fig. 4, and its general view is shown in Fig. 5.

The inductive cell is connected to the output of the TESLA BM560 quality factor meter (Q-meter).
The Q-meter operates in the frequency range of 50 kHz—35 MHz. A frequency of 4.8 MHz was chosen for
the research taking into account [2, 4, 5].

The design of the L-cell is a two-section inductor wound on a cylindrical fiberglass frame with a di-
ameter of 90 mm, with the number of turns 5 and 10. The quality factor of the system is about 300, which
corresponds to the condition (0>20) in the equation (1).

The method of determining the reaction of the system to the flow of steam was as follows: after
warming up and adjusting the dielectric system, the value of the output quality factor of the system was set in
the resonance mode at the operating frequency without steam flow. Next, the steam generator was turned on

3 4

2 . [
16
b 11

1
ﬁ 6 BM - 560
=
Fig. 4. Scheme of the dielectrometric system:
5
13 = 1 — output of the steam generator;

2 — steam superheater; 3 — nozzle insert; 4 — housing
7 of the inductive cell (L-cell); 5 — inductor winding;

. . Lo 6 — quality factor meter
Fig. 3. Scheme of steam plant with steam ionization quatity

by corona discharge:

1 — high voltage source; 2 — high voltage input; 3 — ionization
chamber of the boiler; 4 — nozzle part of the ionization chamber;
5 — steam superheater; 6 — boiler; 7 — power source of boiler
heaters; 8 — water temperature sensor in the boiler; 9 — water level
signaling sensors in the boiler; 10 — Q-meter (quality factor meter)
BM 560; 11 — temperature sensor in front of the nozzle;

12 — pressure gauge in the ABB boiler; 13 — analog input module
MBAS; 14 — inductor at the nozzle exhaust (L-cell);

15 — AC4 interface converter; 16 — personal computer

Fig. 5. General view of the dielectric system
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and the stream of steam from the nozzle floated through the interior of the L-cell into the atmosphere. At the
same time, the quality factor signal and the change in the capacitance of the measuring capacitor were recorded
under the resonance condition.

The result of measurements

Two experiments were conducted in which the possibility of using the method of recording the di-
electric properties of the steam flow and setting the measurement channels was evaluated. The graphs of the
first experiment are shown in Fig. 6.

The most significant parameter is the quality factor signal given in conventional units. Preliminary
coordination of the output signal of the Q-meter and the input of the MVAS8 measurement channel made it
possible to obtain a small range of the quality factor signal of about 10 conventional units. As can be seen in
Fig. 7, the appearance of the steam flow from the nozzle and its passage through the inductive sensor is
clearly monitored on the quality factor graph. The gradual increase in steam flow correlates with the course
of the quality factor curve. The start moment of steam electrification does not lead to a noticeable jump in
the quality factor values. Based on this, it is possible to draw a preliminary conclusion about a slight change
in the dielectric properties of the wet electrified steam flow.

In the second experiment, the conversion factor of the Q-meter signal was changed in order to in-
crease its amplitude and a time stamp channel was introduced.

The second graph shows that, as in the previous experiment, the values of the quality factor O at the
moment of the appearance of a volume charge in the steam flow do not change by a significant jump. The
change in the course of the quality factor curve when the electrification is turned on is most likely related to
the conditions of the steam flow spread in the atmosphere: during electrification, condensation significantly
intensifies and the steam flow increases in the cross section due to the forces of electrostatic repulsion.
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Fig. 6. Results of the first experiment:

1 — nozzle pressure drop; 2 — temperature in the laboratory;
3 — temperature in front of the nozzle; 4 — temperature in
the boiler; 5 — quality factor; 6 — boiler pressure;

7 — the selected area of volume charge presence

Fig. 7. Graph of the second experiment:

1 — temperature in the laboratory; 2 — time stamp
(presence of volume charge); 3 — nozzle pressure drop;
4 — temperature in front of the nozzle; 5 — temperature in
the boiler; 6 — boiler pressure; 7 — quality factor

Discussion

In [1], it was assumed that the electric field in the turbine flow part has a quasi-static character: con-
stant and variable components, and the thermodynamic work of the dielectric (steam) in the field of the drop-
lets volume charge is polarization. In [7], it was suggested that the dielectric constant of a pair containing a
volume charge with a high density can differ significantly from the DC of a neutral pair, and, accordingly,
the work of polarization (since the DC characterizes the ability to polarize in an external electric field [8]).
This assumption was based on the DC determination due to the force of interaction between two test charges
according to Coulomb's law in a vacuum and the studied medium
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Fo_1% -, (5)
2ne er
where the DC characterizes the weakening of the interaction compared to vacuum
c= Fvacuum X (6)
Frnediom

According to the authors [7], when test charges are introduced into the flow part with a volume
charge, their interaction can be weakened by shielding the volume charge field. Considering the nature of the
source of the electrostatic field in the flow part and the specifics of the volume charge, it can be assumed that
in this case some shielding of the volume charge of large positively charged droplets may occur due to a
smaller number of small negatively charged droplets distributed in the flow volume. In addition, the shield-
ing process will depend on the mobility of negative droplets. In this case, some increase in the effective
value of the dielectric constant of the flow with a volume charge can be expected. In addition, the presence
of neutral moisture droplets can contribute to the polarization of the wet steam flow (since the DC of water is
much greater than the DC of steam).

The DC and, accordingly, the polarization of the working fluid affect not only the work of expansion
[1], but also the accumulation of electric field energy in the volume of the dielectric [7].
eg k :

5

In fact, the energy W, is the additional loss of conversion of the working fluid energy into the electric
field energy. In [7], the value of W, was estimated for a working fluid with a slight polarization (the DC
close to unity as in a neutral pair). In this case, W,=0.177 J/m’ of steam flow. According to the authors [7], if
& increases by several orders of magnitude, the energy of the electric field can reach ~100 J/m® or more. Ex-
perimental determination of the actual value € of a steam flow with such electrophysical characteristics re-
quires the development of a special method.

In the used L-method [4], the quality factor signal formed by the change in the magnetic flux A® in-
side the L-cell is mainly determined by the difference in its components A®; and AD,:

W, =

AD =q>0(lr02usm2irg‘uzmzxzjzml ~AD,, (7
8 384

where 7, is the radius of the dielectric volume in the sensor; u is the magnetic permeability; o is the circular

frequency; y is the specific electrical conductivity of the studied substance.

The first component is associated with the occurrence of displacement currents that depend on the
dielectric constant in the cell, the second - eddy currents that are proportional to the specific electrical con-
ductivity x*. The use of an L-cell for dielcometry is legitimate when A®;>>A®, and ¥<ymax. The value Ymax is
proposed to evaluate at condition [4]

AD, 5’”02HX2
AD, 48¢

Since the specific electrical conductivity of water steam is low, condition (8) for using the L-method
is fulfilled.

Analyzing the nature of the change in the quality factor signal when the ionization of the steam flow
is turned on, it can be recognized that in this case there is no sharp change in the signal. Therefore, the char-
acteristics of the magnetic flux in the L-cell and the relation between the processes caused by displacement
currents and eddy conduction currents do not change significantly. Obviously, the DC in this case does not
change significantly. In this case, the absence of a significant change in the quality factor signal can be ex-
plained by the fact that the volume charge of the steam flow on the plant is unipolar (only positively charged
droplets), it differs from the structure of the volume charge in the turbine flow part (large positive droplets
and small negatively charged droplets), that is, it lacks a component capable of shielding the positive charge.
In addition, there is no sharp change in the humidity of the flow in the volume of the sensor (L-cell), because
the sensor has a limited length, and intensive condensation of the high-speed flow from the nozzle already
occurs behind it in the laboratory space.

<0.05. 3
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Conclusions

The conducted experiments showed that the signals of the measuring dielcometric system based on
the L-method are related to the presence of a wet steam flow and its flow regime in the L-cell. The nature of
the signals correlates with the thermodynamic and electrophysical parameters of the wet steam flow. On the
basis of this method, it is possible to develop a system for assessing the dielectric constant and humidity of a
steam electrically neutral flow and one that has a volume electric charge.

The obtained data allow to draw a preliminary conclusion about an insignificant change in the di-
electric properties of a steam flow with a volumetric electric unipolar charge with the parameters and spatial
structure used in this experiment. A simplified unipolar physical model of flow polarization without taking
into account the second component of small charged droplets does not allow to simulate the effect of the
electric field shielding in the flow and its dielectric polarization increase.

It is obvious that in order to obtain more representative information about the electrophysical proper-
ties of a steam flow with a volume charge in the turbine, it is necessary to create conditions in the experimen-
tal plant that allow to obtain a volume charge with parameters and structure similar to a real turbine plant, in
particular, with a two-component charged dispersed phase represented by positively and negatively charged
droplets in the steam flow.
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ExcnepuMeHTaNbHA OLIHKA BIUTUBY eJeKTpH3alil MOTOKY BOJIOroi napu
Ha Horo aieJJeKTPUYHI BJIACTHBOCTI

A. B. Heuaes, 1. €. AHHONIO/IbCBKA, B. M. JIyk’siHOB

IcruryTt npobiem mMamuHoOynyBanHs iM. A. M. ITizropuoro HAH Yxkpaiuu,
61046, Ykpaina, M. XapkiB, Byi. [loxxapcekoro, 2/10

Koncmamosano, wo 3a01s eusuents mennoenekmpoizuunux seuw y eosozonapogux mypoinax ¢ llMMaw HAH
Ykpainu npomszom ocmannbo2o uacy npogoounucs 00CIiONCeH s GNAUEY 00 EMHO20 3apsidy 80I02ONAPOBO2O NOMOKY HA
11020 Odienekmpuyni il menioQizuuni gnacmusocmi. 3a ix pe3yibmamamu 6CMAHOBIEHO, WO HAUOLIbUL NPeOCMASHUYLKUM
eneKmpopizuuHUM NaApamMempom, KUl 00360JA€ OYIHIOBAMU 3MIHU MeNIoPI3UUHUX Glacmueocmel napu, wo 6iooyea-
10Mbesl ni0 0i€10 81ACH020 00 '€EMHO20 3apsdy, € 1020 dieeKmpUudHa NPOHUKHICMb. Bucnosneno npunywenns, wo eenuuuna
OleleKmpuiHOi NPOHUKHOCTI eIeKMPU308AHOL NApU MOdICe CYMMEBO BIOPIHAMUCS 610 3HAYEHHS OISl HEUMPATbLHOT napu,
NPOBeOeHO MamemMamuyHy OyiHKy it mooicausoi sminu. Iliomeepooiceno, wo 6naue enekmpoQisuuHux AU, 3yMOGIEHUX
eNeKMPU3AYIEI0 BON020NAPOBO20 NOMOKY, € CYMIMEBUM, ajle He 8PAXOBYEMbCA 6 ICHYIOUUX (DI3UYHUX | MAMEeMAMUYHUX
MEPMOOUHAMIYHUX MOOEAX npoyecy posuiupenis napu. JJoeedeHo, wo 05 ymOUHeHHs. OCHOGHUX MEPMOOUHAMIYHUX Na-
pamempig i po3paxyHKOBUX XapaKxmepucmux nOmMoKy erekmpu3o8anoi 6010201 napu HeoOXiOHO GUHAYUMU, K 3MIHIOCTb-
¢ it dienexmpuuna nponuxnicms. Ha niocmagi ananizy oOrpyHmosano akmyaibHiCmb eKCnepuMeHmanbHo20 6CMAH08-
JIeHHsL OleleKMPUYHOT NPOHUKHOCTE 80JIO20NAPOB020 NOMOKY 3 00 €EMHUM 3aPA0OM i3 MEMOIO OMPUMAHHS 3ANEHCHOCI i1
3MiHU 8I0 memnepamypu i MucKy HOMOKY, d MaKodiC WiltbHOCmi 06 emHo2o 3apsdy. [ns 6uKoHanus 3a60aHHs 00CIi-
OHCEHHST BUKOPUCMOBYBABCS 2A300UHAMIYHUL TADOPAMOPHUTE CMEHO, AKUL 0036051 OMPUMYBAMU 80J020NAPOSUL NOMIK
3 00 eMHUM 3apsI0oM. Buympiwinii npocmip npomoynol vacmuHu peaibHoi 601020NApo8oi MypoOiHU MAE 3HAYHUL PO3MID |
00380J15€ chopmysamucsi HOMOKY 3 00 EMHUM 3aPSIOOM CKIAAOHOT npocmoposol KoHgpieypayii ma cmpykmypu. Akyenmo-
6AHO, WO 8 NPOMOYHIU YACMUHI CHEHOY HeBeUK020 00 €My, HA GIOMIHY 8i0 NPOMOYHOL YacmuHy MmypoOiHu, NPU OpeaHiza-
Yii yMO6 GUHUKHEHHSI 60I020NAPOBO20 NOMOKY 3 00 €EMHUM 3aPA0OM BUHUKAIOMb CYMMEGT MEeXHIYHI cKiaoHocmi. 3 ypaxy-
BAHHAM Yb0O20 HA NEPUIOMY emani NPUUHAMO PilenHs. NPOBOOUMU OOCTIONCEHHS NAPOBO20 NOMOKY 3 00 EMHUM 3apI0OM,
wo eumikae ¢ ammocgepy, y npumiwjeHHi 1adopamopii 3 docmamuim 00’ €eMom 015l POPMYSAHHA 1020 NPOCMOPOBOL
cmpykmypu. J{is OYiHKU eUdUHY 11020 OieleKmPU4HOi NPOHUKHOCME 00pano iHOyKmueHutl memoo (L-memood) eusnaven-
Hsl OleleKMPUYHUX GIACMUBOCHEL, 8 SKOMY O0CTIONCYBAHA PEYOBUHA B8600UMbC 8CePeOUHy IHOYKMUBHOL CONEeHOIOHOT
Komipku. IIposedeno excnepumenmu it OmMpuUMaHo Oami, 3a SIKUMU MOJICTUBA NONEPEOHs. OYIHKA 3MiHU OleleKMPUIHOT npo-
HUKHOCMI 30 HASLBHOCMI 00 EMHO20 e1eKMPUYHO20 3aps0y 8 NOMOYl Napu.

Knruosi cnosa: éonozonaposi mypoinu, meniogizuuni gnacmusocmi pobouozo mina, OieleKmpuiHa npoHUK-
Hicmb, 06 €MHULL 3apsA0 NOMOKY NAPU.
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