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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 

condensed moisture flow and flow path surfaces occurs. Until now, experts in 

the field of steam turbine operation have been aware of the problem of electrical 

phenomena in flow paths in terms of electroerosion phenomena associated with 

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

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

Mash NAS of Ukraine, it has been established that the electrification of the wet 

steam flow leads to the formation of a volume charge in the flow path, which 

can have a significant value (up to 10
–3

 C/m
3
) and exert a significant effect on 

the working processes in the turbine and condenser. The volume charge of the 

steam flow in the flow path also generates electric fields with constant and vari-

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 

of an electric field can reduce the strength of the metal surface layer. Therefore, 

an experimental study of the effect of electric fields, similar to those occurring 

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 15H11MF blade steel surface layer exposed to a constant 

or variable electric field. It is shown that its effect significantly reduces the mi-

crohardness of the blade steel surface layer. Since the strength of the surface 

layers of the working blades is one of the most important characteristics of their 

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. 

                                                      
 Andrey V. Nechaev, 2019  
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Problem Formulation 

In order to select the magnitude of the 

field strength on the surface of a blade steel 

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 

flow path is from ~10
-10

 C/m
3
 in the phase tran-

sition zone to ~10
-3

 C/m
3
 in the turbine exhaust, 

and the field strength behind the last stage is up 

to 2·10
5
 V/m. For the estimated calculation, a 

value of ~ 10
-6

 C/m
3
 was chosen, which is close 

 

Fig. 1. Dependence of the volume charge density on the 

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. 

 

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, 10×5×1 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 110×25×2 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
2
; when the field was applied, the value was 

141 kg/mm
2
. For a load of 20 g the initial value was 172 kg/mm

2
; when the field was applied, the value was 

151 kg/mm
2
. 

The relative change in the micro-

hardness was determined for the mean val-

ues by the formula %100⋅
−

=δ
µ

µµ

H

HH
F

, 

where 
F

Hµ is the value of the microhardness 

in the field, µH  is the microhardness prior 

to exposure. 

When a constant field was applied, 

at a load of 10 g, δ was -11%; at a load of 

20 g, δ was -12%. 

When a variable field was applied, 

the average microhardness values of ten 

measurements for a load of 10 g were the fol-

lowing: the initial value was 144 kg/mm
2
; 

when the field was applied, the value was 

112 kg/mm
2
. Accordingly, the relative change 

in microhardness δ was -22%. 

Table. Results of the steel layer surface microindentation when 

the surface is exposed to a constant or variable electric field 

Constant field, 9 V Variable field, 6 V, 1000 Hz 

Prior to exposure In the field Prior to exposure In the field 

Indentation load, g 

10 g 20 g 10 g 20 g 10 g 10 g 

Microhardness Нµ, kg/mm
2
 

163 181 163 148 153 122 

144 156 139 159 142 105 

153 156 147 144 131 95 

153 176 170 150 134 108 

142 181 144 146 142 97 

198 173 131 163 139 112 

150 159 124 166 156 134 

163 184 129 131 134 124 

153 176 118 147 156 110 

160 179 139 153 150 110  

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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Експериментальне дослідження впливу постійного й змінного електричного поля на міцнісні 

властивості поверхневого шару лопаткової сталі  

Нечаєв А. В. 

Інститут проблем машинобудування ім. А.М. Підгорного НАН України,  
61046, Україна, м. Харків, вул. Пожарського, 2/10 

Відомо, що у вологопарових турбінах потік вологої пари електризується, проходячи через проточну 

частину турбіни. Водночас відбувається взаємна електризація потоку крапельної вологи та поверхонь прото-

чної частини. До цього часу фахівцям в галузі експлуатації парових турбін проблема електричних явищ в про-

точній частині була більшою мірою відома в аспекті електроерозійних явищ, пов'язаних з накопиченням елек-

тричного заряду на роторі. Явища, пов'язані з накопиченням електричного заряду в потоці робочого тіла, були 

менш відомі. Однак, як було показано в дослідженнях ІПМаш НАН України, електризація потоку вологої пари 

приводить до утворення об'ємного заряду в проточній частині, який може мати значну величину (до 10
-3

 

Кл/м
3
) та чинити істотний вплив на робочі процеси в турбіні і конденсаторі. Також об'ємний заряд в потоці 

пари в проточній частині породжує електричні поля, що мають постійну і змінну складові. Через це деталі і 

вузли проточної частини можуть знаходитися під дією електричного поля. Зокрема, в електричному полі 

об'ємного заряду робочого тіла можуть бути робочі лопатки турбіни.  Як відомо, вплив електричного поля 

може знижувати міцність поверхневого шару металу.  Тому експериментальне дослідження впливу електрич-

них полів, які є подібними до тих, що виникають в проточній частині турбіни, на властивості міцності повер-

хневого шару робочих лопаток є актуальною задачею. У статті наведені результати експериментального 

визначення мікротвердості поверхневого шару лопаткової сталі 15Х11МФ під впливом постійного і змінного 

електричного поля. Показано, що вплив постійного і змінного електричного поля суттєво зменшує мікротвер-

дість поверхневого шару лопаткової сталі.  Оскільки міцність поверхневого шару робочих лопаток є однією з 

найважливіших характеристик їхньої ерозійної стійкості, вплив електричного поля об'ємного заряду парового 

потоку може бути одним з негативних чинників, що знижують ерозійну стійкість поверхні лопаток турбіни.  

На підставі отриманих результатів можна зробити висновок про необхідність подальшого вдосконалення 

системи нейтралізації накопичення електричних зарядів в проточній частині, яка на цей час в основному вико-

нує функцію заземлення ротора турбіни. 

Ключові слова: мікротвердість, електричне поле, лопаткова сталь. 

Література 
1. Тарелин А. А., Скляров В. П., Верес О., Сурду Н. В. Электрофизические явления в паровых турбинах. 

Пром. теплотехника. 1999. № 4–5. С. 98–102. 

2. Тарелин А. А., Скляров В. П., Крыженко В. П. Особенности измерения объемной плотности зарядов во 

влажном паровом потоке турбины. Проблемы машиностроения. 2000. Т. З. № 1. С. 11–16. 

3. Electrostatic Charge Measurements in the Turbine - Condenser Connection of Salt River Project’s Navajo Gen-

erating Station Unit 3, Electric Power Research Institute, Palo Alto, CA, 1998. EPRI WO3849-01. 

4. Тарелин А. А., Скляров В. П. Паровые турбины: электрофизические явления и неравновесные процес-

сы.Спб: Энерготех, 2012. 292 с. 

5. Тарелин А. А., Нечаев А. В., Хиневич А. Е. Электромагнитные излучения в выхлопной части паровой 

турбины. Пробл. машиностроения. 2017.  Т.20. №2. С. 18–21. 

6. Зима И. И., Нечаев А. В., Богданов Г. Ф. Роторная спектроскопия потоков больших энергий. Вестн. 

Харьк. политехн. ун-та. 1999. №75. С. 93–97. 

7. Орлова Д. В., Филипьев Р. А., Данилов В. И. О возможных причинах влияния электрического потенциала 

на сопротивление металлов микроиндентированию. Изв. вузов. Черная металлургия. 2012. № 10. С. 66–67. 

8. Орлова Д. В., Данилов В. И., Зуев Л. Б., Колесник А. С., Дульбеева О. Н. О влиянии электростатического 

поля на микротвердость монокристаллов цинка. Обработка металлов. 2012. № 4 (57). С. 98–102. 

9. Зуев Л. Б, Данилов В. И., Орлова Д. В.. Характер изменения микротвердости плоскости (0001) монокри-

сталлов Zn под действием электростатического поля и возможная причина этого эффекта. Физика твер-

дого тела. 2013. Т. 55. № 2. С. 313–317. 

10.  Зуев Л. Б., Данилов В. И., Коновалов С. В. и др. О влиянии контактной разности потенциалов и электриче-

ского потенциала на микротвердость металлов. Физика твердого тела. 2009. Т. 51. Вып. 6. С. 1077–1080. 

11.  Марковец М. П. Определение механических свойств металлов по твердости. М: Машиностроение, 1979. 191 с. 

 

 
 


