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Summary. The paper considers a method of assessing the cavitation-erosion wear resistance
of metals, which can be used to obtain data on the cavitation-erosion wear resistance of materials
and coatings in laboratory conditions, which correspond to the data of operational tests. The essence of
the method is the intensification of corrosion processes during cavitation-erosive wear of samples on a
magneto-strictive vibrator (MSV) with the help of their anodic polarization. The value of the polarization
current is found by the values of the coefficient of amplification of the mechanical factor of the destruction
of the surface during tests on a magneto-strictive vibrator (MSV) and the data of field tests. Corrosion current
in a given environment is found during full-scale tests. To reduce the labor intensity and time of research,
operational data is obtained on a specially designed and manufactured installation, which is a simplified
version of a hydrodynamic tube (HT). The developed assessment method applies only to corrosive electrolyte
environments.
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Formulation of the problem. Today, corrosion-mechanical wear (KMZ), one of the
types of wear, which is fixed by DSTU 28.23-94, where it is considered not only as a friction
process between two metals, into the contact zone of which corrosive-active media penetrates,
i.e. in systems metal + environment + metal (M1+S+M2), but also in systems metal +
environment (M+S).

The existing theories of KMZ of metals in corrosive-active environments were
analyzed, and a critical assessment of their reliability and compliance with experimental data
and results of operation in the production conditions of food industries allowed us to settle on
the theoretical model of KMZ developed by the scientific school of Prof. G. O. Preis, which is
based on the fatigue-electrochemical nature of wear of metals in electrolyte media [1].

Currently, the most generally accepted point of view is that cavitation destruction of
metal surfaces is a corrosion-mechanical process in which mechanical and corrosion factors of
destruction interact [2].

Analysis of known research results. Hydrodynamic tubes (HT) or venturi nozzles,
rotating disk installations (VDI), impact-erosion stands (IES) and magnetostrictive vibrator
(MSV) installations are used to simulate the cavitation process [2]. At present, IES and MSV
installations have become the most widespread.

The test method for the MSV is the basis of the standards for determining cavitation
resistance in Czechoslovakia and the USA [3].

Installations with MSV are distinguished by their compactness, low power
consumption, the possibility of conducting research, due to the small flow of liquid, in various
environments, and high reproducibility of results.
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Tests of three identical materials (stainless steel, technically pure nickel, and aluminum
alloy) in eleven USA laboratories equipped with different designs of MSV installations showed
[3] that the same order of resistance of metals to cavitation destruction was obtained in all
laboratories.

Most of the research on cavitation-erosive wear is devoted to the study of the laws of
the mechanical factor of destruction. At the same time, it is known that during cavitation-erosive
wear in corrosive-active environments, corrosive mass losses can reach 60% of total losses.
Depending on the conditions of operation and testing, the ratio between corrosion and
mechanical factors may be different. According to this ratio, the relative wear resistance of
metals during cavitation-erosive wear changes. Thus, the order of placement of materials
according to their cavitation resistance when tested on installations with a magnetostrictive
vibrator (MSV) is slightly different from the order of wear resistance found during tests on an
impact-erosion stand (IES). The difference is especially pronounced when comparing the data
of laboratory tests with the indicators obtained directly under the conditions of operation of the
equipment. During tests on the MVS, the 12Kh18N9 steel shows cavitation resistance
comparable to the resistance of low-alloyed medium-carbon steels, and at the same time, turbine
impeller blades lined with this steel have been successfully operated at a number of
hydroelectric power stations in the country for several years.

The specified difference in wear resistance indicators is explained by the fact that during
tests on the MSV and IES, the effect of the corrosion factor is practically not manifested due to
the high intensity of the mechanical action of cavitation or the jet on the samples and the short
duration of the tests (2...3 hours on the MSV and 6...12 hours on IES).

In order to obtain a more reliable dependence between laboratory and operational
indicators of wear resistance of materials, it was proposed to conduct tests on the MSV with
alternating cavitation (5 min) and corrosion (24 hours) exposure with a simultaneous decrease
in the amplitude of oscillations of the magnetostrictive vibrator. The pulse method of cavitation
tests is also used [2]. Such a combination of mechanical loads with corrosive effects allows
obtaining data on the relative wear resistance of metals that are close to operating conditions.
However, a significant drawback of all proposed methods is their duration (36 days or more).

The most reliable results about the intensity of cavitation-erosive wear can be obtained
during tests in hydrodynamic tubes (HT). However, HT are very cumbersome, energy-
intensive, expensive and quite complex in terms of the design of the installation, and very long
tests are required to obtain noticeable destruction of strong and corrosion-resistant materials.
Installations with rotating discs (VVDI) are characterized by the same disadvantages.

Thus, currently known laboratory methods and installations for their implementation
in order to obtain data on the cavitation wear resistance of materials close to field tests are
aimed at increasing the time of the corrosive interaction of the medium with the metal while
simultaneously reducing the intensity of the influence of the mechanical factor of
destruction.

In order to use the advantages of tests on MSV (insignificant duration of research, small
consumption of working environments, high reproducibility of results), it is necessary to ensure
during the research that the intensity of the corrosion factor of cavitation destruction is increased
in order to obtain results close to the results of field tests.

The goal of the work. Development of an accelerated method of assessing the
cavitation-erosion resistance of metals and coatings in laboratory conditions, which would
correspond to the conditions of their operation.

Research methodology. To conduct research, a simplified HT was designed, the main
unit of which is a test chamber (Fig. 1), which allows studying the kinetics of the flow of
electrochemical reactions during cavitation and erosion processes and to obtain results of wear
resistance close to operational ones [4].
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Figure 1. Construction of the GT chamber: 1 — sample; 2 — screw-obstacle; 3 — reference electrode;
4 — auxiliary electrode

The camera is made of stainless steel 08Rh18N10T. The working space of the chamber
with a section of 35 15 mm is formed by four removable covers made of organic glass, which
allows you to follow the processes of wear and vortex formation depending on the speed of
supply of the working medium.

The test sample 1 and screw 2 with a head in the form of a semi-cylinder are installed
in the upper cover, which acts as an obstacle that causes the appearance of a moving flow
depending on its speed, vorticity or cavitation flows. The comparison electrode 3 is mounted in
one of the side walls. The auxiliary electrode 4 is mounted in the other side wall. The area of
its contact with the environment should not be less than the cross-sectional area of sample 1.

The HT is connected directly to the main line of the enterprise or complete with a pump,
regulating equipment and measuring devices can work autonomously, in this case, with the help
of measuring equipment, the characteristic of the medium flow is determined in advance and
reproduced on the installation. If necessary, especially during tests of corrosion-resistant
materials in the studied environment, anodic polarization of samples is carried out.

As a result of the continuity of technological processes at the enterprises of the chemical
and food industries, field tests are not always possible. However, it is possible to experimentally
select modes of conducting tests in HT that correspond to the data of full-scale tests (Fig. 2).
The results of full-scale tests are given taking into account the large-scale wear factor according

3
to the method described in [3]: AV ~ do , where AV is volumetric loss, dy _ the diameter of
the focus of destruction.
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25 . Figure 2. Losses of metal volume AV from
74 time 1 during tests in HT (-) and field tests (--)
20 J in the diffusion juice of sugar production:
1 — Grey Cast Iron Grade SCH20 during
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3 “ (V#=17,5 m/s) and; 4 — aluminum alloys AD-1
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The analysis of the obtained dependencies shows that the results of the experimental
erosion and cavitation tests obtained on the proposed design of the HT practically coincide with
the data of the operational tests.

Research results. The closest to the claimed method is Author's certificate of the USSR
No. 1569668.-1990 «Method of research on hydroerosion resistance of metals» [5], where
anodic polarization of samples is carried out during tests on MSV in the process of cavitation.

The value of the polarization *» current is determined by the value of the corrosion “cor current

and the coefficient of acceleration of the wear of the samples during tests on the MSV K
compared to the wear under operating conditions. The disadvantage of this method is

K

conducting preliminary long-term field tests to find the coefficient “*2 and magnitude of the

corrosion current ‘cor |

The task is achieved by the intensification of corrosion processes during cavitation-
erosive wear of samples on the MSV with the help of their anodic polarization, and
the data of field tests to reduce the labor intensity and time of conducting research
are obtained on a specially designed and manufactured installation, which is a
simplified version of a hydrodynamic tube (HT) [2]. HT is included in the enterprise's
working highway without disrupting its technological cycle. As a result of conducting
such tests, the intensity of cavitation-erosive wear of materials is found in the
appropriate environment, which corresponds to the operating conditions of the
equipment.

The assessment of the relative cavitation-erosion wear resistance of the Deformed
Aluminum Alloy D16T aluminum alloy and the Grey Cast Iron Grade SCH20 cast iron showed
that the ratio of the intensities of destruction in the diffusion juice v, .,/ v, Of sugar
factories under operating conditions is 0,09/0,02 = 4,5 [6].

According to the mass loss of the samples during the tests in the HT, the intensity of the
loss of materials in the conditions of their operation is found v* = AG / pSz , where G is the mass
loss during the test 7 ; p — density of the material of the studied sample; S is its surface area.

For deformed Aluminum Alloy D16T in the diffusion juice of sugar production
=0,021um/h, for cast iron Grey Cast Iron Grade SCH20 v¢%,,,, =0,09um/h .

During tests on MSV in diffusion juice (amplitude of oscillations of the
magnetostrictive vibrator 36 um, frequency 22 kHz) for D16T v =2,64um/h and

D161

=2,64/0,021=125,7 for SCH20 M s =12,3um/h and

VscH 20

D16T

D167 MCV op
R = Vbier /Vmer

K>"*° =12,3/0,09 =136,7 .

According to the obtained polarization curves and according to the known method [7],
the corrosion currents of the investigated materials were found during tests on MSV in a given
environment: i°*” =0,01mA/cm?, and i"*° = 0,0256mA/cm?

cor cor

Based on the found value of the corrosion currents, the polarlzation currents were found,
which determine the modes of conducting tests on the MSW installation that correspond to the

conditions of  the material in operational conditions ( ool = Kazcor).
i>°T =125,7-0,01=1,26mA/ cm?; ii/'*° =136,7-0,0256 = 3,5mA/ cm? .

pol pol

Next, tests were carried out on MSV during anodic polarization of the samples
according to the found polarization current densities and the wear intensity of materials was
determined in laboratory conditions that correspond to operating conditions:

v =314um/h; v =14,4um/h.

DlGT
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The assessment of the relative cavitation-erosion wear resistance of the D16T aluminum
alloy and the SCH20 cast iron showed that the ratio of the fracture intensities Vg0 / V167

in the diffusion juice of sugar mills under operational conditions (0,09/0,02), according to the
known method of tests on MSV (12,3/2,64) and according to the proposed method with anodic
polarization of the samples (14,4/3,14) is 4,5; 4,66 and 4,58, respectively. The relative error
when using the proposed method is 1,7%, which is less than the 7% error obtained in the
compared method.

According to operational data, the relative cavitation-erosion wear resistance of
impellers made of steel 45 and steel 12Kh18N10T steels of COT-30 pumps when pumping tap
water is 5,75.

The results of the calculations performed in the sequence of actions given above are
summarized in Table 1. The analysis of the results of the table shows that the relative cavitation
wear resistance of steel 45 and steel 12Kh18N10T found by the proposed evaluation method is
5,9, and according to the prototype — 5,4. The deviation from operational data is 2,6% and 6,1%,
respectively.

Table 1

Comparative characteristic of finding the relative cavitation-erosion wear resistance of steel 45 and steel
12Kh18N10T in tap water by the proposed method and according to the prototype

Indicator Designation and Material
dimension steel 45 steel 12Kh18N10T
Mass losses on MSW MSV 2
without polarization AG , mg/em h 7.6 3,05
Corrosion current during i 2
cavitation on the MVS ©or, mA/cm 0,1410 0,0083
Mass losses in operating AG™ 2 030 013
conditions ,mg/cm h ! !
Gain factor K, =AG"" | AG” 25,3 23,5
Polarization current Pl A /Cm2 3,57/3,31* 0,195/0,195*
'?ﬁg;'&y pocflz‘r’fza;t;’;gh vV umh 12,80/11,72* 2,17/2,17*
Relative wear resistanc v [ r2KeNoT 5,9/5,4*

*Note: The numerator is the results obtained by the proposed method; the denominator is according to the
prototype.

Thus, the proposed method allows, on the basis of accelerated laboratory tests, to obtain
data on the cavitation-erosion wear resistance of metals in corrosive environments, taking into
account the corrosion factor of surface destruction. By changing the ratio of corrosive and
mechanical wear factors, it is possible to obtain data on the wear resistance of metals in
laboratory conditions that correspond to operational wear data in this environment.

Conclusions. A method of assessing the cavitation-erosion wear resistance of metals
and coatings in laboratory conditions has been developed, which includes:
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NOMIMHO20 PYUHYBAHHS MIYHUX I KOPOZIHOCMIUKUX Mamepianié HeoOXIOHI Oydice mpusani eunpodysans. Taxumu
2HC HEOONKAMU XAPAKMEPUSVIOMbCS YCMAHOBKU 3 QucKkamu, wo obepmaiomscs (YB). Takum uunom, gidomi Ha
OdaHull yac 1abopamopHi cnocobu ma ycmanoeku Ois ix peanizayii 3 Memow ompumanHs OaHUX KagimayitiHoi
3HOCOCMIUKOCII MAMepianis, OIU3bKUX 00 HAMYPHUX SUNPOOYEAHb, HANPAGIeHI HA 30LIbUEHHS Yacy KOPO3IUHOL
83a€MO0ii cepedosuya 3 Memanom 3 0OHOUACHUM 3MEHUEHHAM THMEHCUBHOCI GNIUGY MEXAHIUHO20 (harmopa
pyunyeanna. J[na euxopucmantns nepesae eunpodysams Ha MCB (nesnauna mpusanicms 00CHiONHCeHb, HE3HAYHI
sumpamu pooouyux cepedosuly, BUCOKA GIOMEOPIOGAHICMb pPe3Ybmamie) HeoOXIOHO 6 X00i NpPO8edeHHs.
docniodceHs 3abe3neuumu niOBUWEeHHsl IHMEHCUBHOCME KOPO3IUHO20 hakmopa Kasimayitino2o pyuHyeanHst Ois
OMPUMAHHA Pe3YTbMAmie, HAOIUNCEHUX 00 Pe3VIbmamie HaAmypHUX 8UNPoOY8aHs.

Y pobomi posenamymo cnocib6 oyiH8aHHA Ka8IMAYiliHO-epO3ilHOI 3HOCOCMIUKOCMI Memanie, AKull
Modce Oymu 6UKOPUCMAHULL Ol OMPUMAHHS OAHUX KAGIMAYIUHO-ePO3ilHOT 3HOCOCMIUKOCMI Mamepianie ma
NOKpUMmig y 1a00pamopHux yMosax, wjo 8ionosioaroms 0aHum eKChayamayitHux sunpooysars. Cyms cnocoby
noaszae 6 inmencupixayii KopositiHux npoyecie npu KagimayiiHo-epo3iuHOMY 3HOULYBAHHI 3DA3KI6 HA MACHIMO-
cmpuxyitinomy eibpamopi (MCB) 3a donomoeoio ix awnoowoi nonspusayii. 3HauenwHs cmpymy noaspusayii
3HAX00AMb 304 BeIUYUHAMU Koe@iyieHma NiOCUNeHHs MeXaHiYHO20 YUHHUKA DYUHYBAHHA NOBEPXHI Npu
BUNPOOYBAHHAX HA MACHIMO-cmpuKryiinomy eiopamopi (MCB) i 0anumu nHamypHux eunpo6ysans. Cmpym Kopo3sii
8 3a0AHOMY CepedosUYl 3HAXOOUMbCS NPU HATMYPHUX SUNRPOOYSaHHsAX. /i 3menuenns mpyooemMHocmi i yacy
NpOBeOeHHs. QOCHIONCEHb eKCNLYamayiiuni OaHi OMPUMYIOMb HA CNEYiaIbHO CKOHCMPYUOBAHIL I 6U2OMOBIeHIl
yemanosyi, Axka sAensie coborw cnpowgenuti eapianm 2iopoounamiunoi mpyou (I'T). Po3pobnenuii cnocio
OYIHIOBAHHS CIOCYEMBCA UL KOPOSIUHUX Cepedo8UUy-eeKmMPOimia.

Knrouosi cnosa: xasimayiiino-epo3siiine 3HOUY6AHHS, 1AOOPAMOPHI Ul eKCHIYamayiiki sunpooyeanHs,
KOPO3TUHUL T MeXAHTUHUU YUHHUKU PYUHYEAHHS.
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