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UDC 621.165 It is known that in wet steam turbines the wet steam flow is electrified when
passing through the turbine flow path. In this, the mutual electrification of the
EXPERIMENTAL STUDY condensed moisture flow and flow path surfaces occurs. Until now, experts in
OF THE EFFECTS the field of steam turbine operation have been aware of the problem of electrical
OF A CONSTANT AND phenomena in flow paths in terms of electroerosion phenomena associated with

the accumulation of electric charges on the rotors. Similar phenomena in the

VARIABLE ELECTRIC working fluid flow are less known. As a result of the research conducted at IP-

FIELDS Mash NAS of Ukraine, it has been established that the electrification of the wet
ON THE STRENGTH steam flow le.ads to the formation of a_}volm?e charge in th? ﬂ?w path, which

can have a significant value (up to 107 C/m’) and exert a significant effect on
PROPERTIES the working processes in the turbine and condenser. The volume charge of the
OF THE BLADE STEEL | steam flow in the flow path also generates electric fields with constant and vari-
SURFACE LAYER able components. As a result, parts and assemblies of the flow path may be un-

der the action of an electric field. In particular, turbine blades may be in the

electric field of the volume charge of the working fluid. As is known, the impact

Andrey V. Nechaev of an electric field can reduce the strength of the metal surface layer. Therefore,
nechaev.an98 @gmail.com an experimental study of the effect of electric fields, similar to those occurring
ORCID: 0000-0001-6586-4713 in the turbine flow path, on the strength properties of blade steel is an important

task. The article presents the results of the experimental determination of the
microhardness of the 15HIIMF blade steel surface layer exposed to a constant
or variable electric field. It is shown that its effect significantly reduces the mi-
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Problems of NASU, crohardness of the blade steel surface layer. Since the strength of the surface
2/10, Pozharsky St., Kharkiv, 61046, layers of the working blades is one of the most important characteristics of their
Ukraine erosion resistance, the effect of the electric field of the steam flow volume

charge can be one of the negative factors that reduce the erosion resistance of
turbine blade surfaces. Based on the obtained results, it can be concluded that it
is necessary to further improve the system for neutralizing the accumulation of
electric charges in the flow path, which currently mainly performs the function
of turbine rotor grounding.
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Introduction

The wet steam flow in the flow paths of wet steam turbines is accompanied by the mutual electrifica-
tion of the condensed moisture flow and flow path surfaces [1-3]. As a result, a volume electric charge of the
same sign is formed in the wet steam flow, and a charge of opposite sign accumulates in the flow path mate-
rial. Accordingly, an electric field appears in the flow path, under whose influence there are parts of the flow
path, the surfaces with a high degree of curvature being exposed to it to the greatest extent [4]. The electric
field in the flow path can also be variable, which is caused by the accelerated motion of charged particles,
changes in the charging time of the steam flow. In addition, the accelerated motion of charged particles and
electrical discharges in a charged flow can cause electromagnetic radiation [5, 6]. It is known that the effect
of an electric field on a metal surface can change the strength properties of the surface layer [7-11]. The ex-
perimental studies carried out on single crystals of zinc, aluminum, zirconium, copper, iron showed that the
presence of a small, up to 5 V electrical potential on a sample, can change the surface microhardness by 10%
or more. In a wet steam turbine, during the electrification of the steam flow, the parts and components of the
flow path may be under the action of electrical potentials of the order of a few volts. In particular, such po-
tentials can be on the surfaces of turbine rotor blades depending on the intensity of the steam flow electrifica-
tion, quality of the rotor grounding system, and electrical resistance of the "blade surface — ground" circuit.
In this connection, the task of experimentally verifying the effect of electric fields, similar to those occurring
in the turbine flow path, on the strength properties of blade steel is of current interest.
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Problem Formulation
In order to select the magnitude of the

field strength on the surface of a blade steel e N

sample, an approximate estimate of the field
strength in the low pressure turbine cylinder
between the rotor blades and guide vanes was
given. As was shown in experimental studies
[1], the range of variation of the bulk charge
density in the turbine steam flow in a turbine 5
flow path is from ~10"° C/m’ in the phase tran-

sition zone to ~10° C/m® in the turbine exhaust, L[ ,
and the field strength behind the last stage is up

= +u<

03 :
——\—\‘,.5 L C 1, A
“oCurrent, pd Il \?unen 1‘

pH=9.3

o \ Probe axis

to 2:10° V/m. For the estimated calculation, a Fig. 1. Dependence of the volume charge density on the
value of ~ 10" C/m’ was chosen, which is close position relative to the blade and the feed water pH

to the average value of the volume charge change range. The distribution of the charge density in the flow is
mainly associated with the distribution of the coarse moisture in the flow path, which can be illustrated by

the volume charge density diagram [4] (Fig. 1).

The estimated calculation of the volume charge distribution was
carried out on the basis of the conditional distribution diagram for the
condensed moisture in the inter-bade space of one stage. For the simula-
tion, we used the ELCUT program (free version), which allows simulat-
ing physical fields by the finite element method.

The estimated calculation of the field strength was performed
for a two-dimensional electric model of the inter-blade space in the wet
steam zone, in the form of a charged region bounded by grounded sur-
faces. The inter-blade space was selected with an average inter-blade
distance of 170 mm and a blade height of 960 m (Fig. 2).

As can be seen from the figure, in the model, the maximum field
strength on the blade surface is about 7000 V/m.

Test Stand

In order to conduct an experiment to study the electric field effect
on the mechanical properties of the blade steel surface, a test installation
was assembled based on the PMT-3 device. The scheme of connecting the
electric potential to the sample is similar to the schemes given in [9, 10].

Installation design: a foil fiberglass plate was fixed to the dielec-
tric base, foil to the dielectric. The sample to be studied was fixed to the
plate top. Conductors for supplying potential difference were soldered to
the foil and sample. The source of the potential difference was a stabilized
laboratory power source.

Field strength,
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Fig. 2. Field strength distribution
between the guide vanes and rotor
blades

Fig. 3 shows the diagram of the indentation system in an electric field with a sample.
In the figure above, pressure P is applied to an indenter 1, which is embedded in a sample surface 2

attached to a dielectric base 3.

At a sample potential of 9 V, the field strength distribution between the sample and negative elec-

trode is shown in Fig. 4.

The numerical value of the field strength on the surface is about 8000 V/m, which is comparable

with the above estimate of the field strength in the flow path.
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Fig. 3. Indentation system in an electric field Fig. 4. Field on the blade steel sample surface

Experimental Technique

For the experiment, 10x5x1 mm 15H11MF steel samples were used. The electric field on the sample
surface was created with the help of an auxiliary electrode. The electrode was a 85%20 mm plate of 1.5 mm
thick one side foiled fiberglass. The sample intended for investigation was attached to the non-foiled surface
of the plate using plasticine. A strip of foiled fiberglass was glued to the 110x25x2 mm vinyl plastic plate
base, with the foiled side to the base. The prepared system of the auxiliary electrode with a sample was
mounted on a PMT-3 device.

When a constant field was applied, a positive potential was given to the sample, and a negative po-
tential was given to the foil, potential difference being 9 V. When a variable field was applied, a potential
difference of 6 V was used.

The indentation was carried out under the direct action of an electric field, however, the electric field
was applied from the side opposite to the indentation. This variant of potential application differs from that
used in [9] and [10], since the sample under study in those experiments was placed on top of one of the elec-
trodes and the electric field was not concentrated between it and the other electrode.

The results of microhardness measurements prior to the exposure to an electric field and in the field
are presented in the table below.

When a constant field was applied, the average microhardness values for ten measurements for a
load of 10 g were the following: the initial value was 158 kg/mm?; when the field was applied, the value was
141 kg/mm’. For a load of 20 g the initial value was 172 kg/mm?’; when the field was applied, the value was
151 kg/mm’.

The relative change in the micro-

hardness was determined for the mean val-
F

Table. Results of the steel layer surface microindentation when
the surface is exposed to a constant or variable electric field

ues by the formula o= M -100% , Constant field, 9 V Variable field, 6 V, 1000 Hz
H n Prior to exposure ‘ In the field |Prior to exposure ‘ In the field
where H : is the value of the microhardness Indentation load, g
in the field, H, is the microhardness prior 10g | 20g | 10_ g|20g | 10 g . | 10g
Microhardness H,, kg/mm

to exposure. _ _ 163 | 181 | 163 | 148 153 122
When a constant field was applied, 144 156 139 | 159 142 105

at a load of 10 g, 8 was -11%; at a load of 153 156 147 | 144 131 95

20 g, d was -12%. 153 176 170 | 150 134 108
When a variable field was applied, 142 181 144 | 146 142 97

the average microhardness values of ten 198 173 131 | 163 139 112

measurements for a load of 10 g were the fol- 150 159 | 124 | 166 156 134

lowing: the initial value was 144 kg/mm’; 163 184 | 129 | 131 134 124

when the field was applied, the value was 153 176 118 | 147 156 110

112 kg/mm’. Accordingly, the relative change 160 179 139 | 153 150 110

in microhardness & was -22%.
The observed microhardness changes are significantly greater than the measurement error of a micro-
hardness meter (5% according to the instrument passport).
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Conclusions

A constant or variable field significantly affects the microhardness of the surface layer of the blade
steel. Indentation can be considered as one of the types of mechanical tests. This is due to the fact that with
increasing load on the indenter material, as with any other type of mechanical testing, it consistently under-
goes 3 stages: elastic, elastic-plastic and fracture. As a consequence, the value of microhardness can be con-
sidered as an integral characteristic of the strength of the local element of the material surface layer. Thus,
when an electric field is applied to the sample surface, the reduction in microhardness means the deteriora-
tion of the strength properties of the steel surface layer.

Based on the data obtained, it can be concluded that the occurrence of an electric field in the turbine
flow path during the electrification of the working fluid can adversely affect the surface strength of turbine
blades. In this case, the erosion resistance of blade surfaces may decrease. Since the electric field of the vol-
ume charge is associated with the electrification of condensed moisture, perspective methods of erosion pro-
tection should be aimed not only at reducing the amount of erosion-hazardous condensed moisture, but also
at reducing the degree of electrification in a turbine.
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ExcnepumeHnTaibHe TOCTIIKEHHS BIJIMBY MOCTiHHOIO i 3MiHHOTO €JIeKTPUYHOIO MOJisi HA MillHICHI
BJIACTHBOCTI MOBEPXHEBOI0 IIAPY JONMATKOBOI CTaJIi

Heuaes A. B.

Iacturyt npobiem mammaoOynyBanHs iM. A.M. [linropaoro HAH Ykpainu,
61046, Ykpaina, M. Xapkis, Byi1. [Toxxapceskoro, 2/10

Bioomo, wo y onozonaposux mypbinax nomix 801020i napu eiekmpuzyemscs, npoxooayu yepes npomoyHy
yacmuHy myp6inu. Boonouac 8i06ysacmvca 63acMHaA eNeKmpu3ayis nomoxy KpaneibHoi 80J102u ma noepxons Hpomo-
ynoi yacmunu. J{o yvozo uacy gaxisyam 8 2anysi excniyamayii naposux mypoin npobnema ereKmpudHux Aeuly 6 npo-
MOUHIl yacmuni 6y1a OiIbUIOI0 MIPOIO 8iI00MA 8 ACNEKMI eIeKMPOEPOIUHUX A8ULY, NOB'A3AHUX 3 HAKONUYEHHAM eleK-
MpUYHO2O 3apady Ha pomopi. Aeuwa, noe's13ani 3 HAKONUYEHHAM eLeKMPUYHO20 3apsdy 6 ROMOoYi pobouozo mina, Oyiu
menut gidomi. OOHak, sk 6yn0 nokasauo 6 docniodcenusix IlIMaw HAH Ykpainu, enexmpusayis nomoky 6oaoeoi napu
npueooums 00 ymeopenns, 06'eMHO20 3apsady 8 RPOMOUHIll YacmumHi, sKUil MoYce Mamu 3HauHy enuuuty (0o 107
Ku/m’) ma wunumu icmomuuii énnue na po6oui npoyecu 6 myp6ini i konoencamopi. Takoxe 06'emuuii 3apad & nomoyi
napu 6 NPOMOYHIU YACMUHI NOPOOICYE eNeKMPUYHT NOJIsL, WO MAmMb NOCMIUHY [ 3MIHHY CK1a006i. Yepes ye demani i
8Y31U NPOMOYHOT YACMUHU MOJICYMb 3HAXOOUMUCS IO OI€I0 eNeKMPUYHO20 NOA. 30Kpema, 8 eleKmpuyHoOMy NOJi
00'emno20 3apady pobouoco mina Modxrcyms Oymu poboui ronamxu mypoinu. Ak 6i0omo, 8niue ereKmpuyHo2o nos
MOdHce ZHUNCY8AMU MIYHICTNb NOBepXHe8020 uiapy memany. Tomy excnepumenmanbHe 00CHIONCEHHS BNIUBY eNleKMmpPuY-
HUX MO8, AKI € NOOIOHUMU 00 MUX, WO BUHUKAIOMb 8 NPOMOYHIL YACMUHT MYPOIHU, HA BIACMUBOCTME MIYHOCII NOGEp-
XHe8020 wiapy poooyux JIONAmoK € aKkmydnibHol 3aoadero. Y cmammi HageOeHi pe3yibmamu eKCnepUMeHmalbHO20
BUBHAYEHHS MIKpOmMBepooCcmi nogepxmuesoco wapy aonamrkogoi cmani 15X11M® nio eniusom nocmitino2o i 3mMinH020
enexmpuuno2o noas. Iloxasano, wo 6naug NoCMitiHO20 i 3MIHHO20 eIeKMPUYHO20 NOJISL CYMIMEBO 3MEHULYE MIKpOmaep-
dicmb nogepxHeso2o wapy nonamkosoi cmaii. OCKinbKU MiYHICIb NOBEPXHEB020 WAPY POOOUUX IONAMOK € OOHIEI 3
HAUBANCTUBIUUX XAPAKMEPUCMUK IXHbOT epo3itinol cmilikocmi, 8NAUE eeKMPUUHO20 NOAsL 00'€EMHO20 3apsady Napo8ozo
HOMOKY Modice Oymu OOHUM 3 He2AMUBHUX YUHHUKIB, WO 3HUICYIOMb epO3iliHy CMIUKICMb NOBEPXHI IONAMOK MYypOiHu.
Ha niocmasi ompumanux pe3yivmamie ModicHa 3poOUMU BUCHOBOK NPO HEOOXIOHICMb NOOANLULOZ0 BOOCKOHAIEHHS
cucmemuy Heumpani3ayii HaKONUYeHHs eeKMPUYHUX 3aPS0I6 8 NPOMOYHIN YACMUHI, AKA HA Yell Yac 6 OCHOBHOM) BUKO-
HY€ PYHKYIIO 3a3eMAeHHs pOomopa MYpOiHu.

Kntouoei cnosa: mikpomsepdicmo, elekmpuine noie, 10Namko8a Cma.b.
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