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In this study a fluid elastomer was applied by two different methods on a martensitic stainless steel substrate, in
order to obtain coatings for protection against cavitation. The investigations regarding the resistance to cavitation
erosion of the elastomeric coatings were carried out by the indirect vibratory method using the values of the
cumulative erosion (material loss) developed during a testing period of 600 minutes with a 20 kHz ultrasonic
vibrator at a peak-to-peak amplitude of 50 um. The experimental results obtained in the laboratory have been
processed statistically. They clearly pointed out that the deposition method significantly influences the cavitation
resistance of the elastomer.

Keywords: elastomer, protective coatings, wear, cavitation

Cavitation erosion is a major problem in hydropower plants. This phenomenon that consists in the progressive loss of
material from a solid surface, affects the runner blades and adjacent areas of the runner [1]. Cavitation is caused by
continuous collapse of numerous bubbles due to localized pressure changes during high velocity flow [1, 4]. If the
pressure suddenly falls below the vapors pressure, the tensile stress imposed on the liquid generates cavities, because of
the numerous small solid and gaseous cavitation nuclei generally present in a real liquid. The cavities collapse violently
when they reach a point of greater pressure. This collapse is accompanied by the sudden flow of liquid, which originates
stress pulses that can cause plastic deformation on solid surfaces [2-4].

Because the elastomers are a class of soft materials resistant to high loads that can recover their initial shapes after
multiple cycles of large deformations, allowing reversible and repeated variations, their functional characteristics have
been investigated for a wide range of industrial applications [5-8]. Depending on the type of system in which elastomeric
materials are used, they usually manifest good resistance to tensile stresses and good wear behavior [9-14]. Based on these
considerations, this paper focused on the possibilities of preventing or decreasing the effects of cavitation erosion of
hydraulic steel components by using protective elastomeric coatings. Furthermore, the authors intended to reveal the
influence of the deposition method on the cavitation resistance of the layers.

Experimental part
Test method

The equipment used for the cavitation tests in the Center for Research in Hydraulics, Automation and Thermal
Processes (CCHAPT) of the “Eftimie Murgu” University of Resita is an ultrasonic equipment with piezoelectric
converter. For the experimental tests carried out within this study, the indirect vibratory method was used with the
specimen fixed and fully immersed in the liquid as shown in figure 1. The resonance frequency of the oscillator was 20 +
0.5 kHz and the double (peak-to-peak) amplitude of the vibrating sonotrode was 50 um. The test liquid was de-ionized
water kept at 25+1degree C using a cooling system with water and a temperature control device. For each new test
specimen, the fluid vessel was cleaned and filled up with fresh liquid. The distance between the vibrating sonotrode and
the test specimen was chosen in accordance with the recommendations arising from previous research [15-16]. The test
specimens were removed periodically after predetermined time intervals and weighed with a precision balance (five
decimal places) after cleaning with acetone and drying in air flow. The experimental results have been expressed by using
the values of the cumulative erosion (CE).
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Fig. 1. Schematic representation of the indirect cavitation method [1]

Materials and specimens

The substrate material for the elastomeric layers was a martensitic stainless steel, as used for the production of runner
blades and the adjacent areas of the runner in hydropower plants. After a very thorough blast cleaning of the substrate
surface, the fluid elastomer curing at room temperature was applied using two different methods: by brushing and
respectively by spraying with a paint gun. Both types of protective layers were tested under the same conditions and the
results were processed statistically.

Figure 2 shows the deposited layers in cross section. Both of them have a sponge appearance and are well anchored to
the substrate. On the other hand, it can be observed that the sprayed coating is uniform and has a thickness of 1.24 mm,
while the thickness of the brushed layer varies between 1.05 —1.18 mm.

Base material : 2= | Basematerial

Fig. 2. The thickness of elastomer layers in cross section: a) brushed coating; b) sprayed coating

In table 1 are listed the physical and mechanical properties of the elastomeric material, as specified by the
manufacturer. The chemical composition of the substrate material (a martensitic stainless steel), similar to that commonly
used for manufacturing of hydro components, is presented in table 2.

Table 1
VALUES FOR PHYSICAL AND MECHANICAL
PROPERTIES OF THE ELASTOMER

Density [g/cm’] 1.06-1.09
0" Peel adhesion [N/mm] 31,32
Tensile strength [MFa] 133
Tear strength [N/mm)] 6633
High elongation [7a] 330
Shore A Hardness 87
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Table 2
CHEMICAL COMPOSITION OF THE SUBSTRATE

Chemical elements [%0]
Material
C Si Mn Cr Ni Mo P ]
Ilartensitic stainless steel 0.03 0.46 0T 1264 363 053 0023 000

Results and discussions

In order evaluate the resistance to cavitation erosion of the tested elastomeric coatings applied by the two methods,
several specimens were tested for periods of 600 minutes each under the same conditions. The evolution over time of the
average value of the total eroded mass [Am] for three samples tested for every type of layer is represented graphically in
figure 3. It is noted that the coating applied by spraying (sample C2) exhibited lower values of the cumulative erosion
(CE) in comparison with the layer obtained by brushing (sample C1). Furthermore, the stabilization rate (Vs) of the
cavitation erosion for the C2 coating was about three times lower than that of the C1 sample. The average values for the
CE and Vs of the tested samples are presented in table 3.
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Fig. 3. The average mass variation during the testing period for the elastomeric layers applied by both methods

Table 3
THE AVERAGE VALUES OF THE STABILIZATION RATE, EXPERIMENTAL
RESULTS VERSUS STATISTICAL RESULTS

Samples Vs [mm3/min] x 10 Experimental Maximum value
cumulative  erosion | of the estimated error
[mg] [mg]

C1 4.2 20.23 20.47

C2 1.6 11.01 12.35

As one can observe, beginning from the first minutes of the testing period, the slope of the curve for the C1 layer
increases continuously to minute 450 and then stabilizes, while the curve for the C2 coating presents an incubation period
of about 190. The experimental results represented in figure 3 have been processed statistically in order to determine the
dispersion strips (see figure 4) that result from the estimated error and the 2nd degree polynomial regression curve. These
strips were obtained using the average values of the cumulative erosion (material loss) of three samples (S1, S2 and S3)
tested for each type of deposition method (C1 and C2).
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Fig. 4. The error ranges for the tested samples, where: C1-brushed coating and C2-sprayed coating;
S1, S2 and S3 — the three samples tested for each type of layers; Q - the average cumulative mass loss;
YPO - polynomial regression curve; S - upper range value of tolerance and | - lower range value of tolerance

As one can see, the values for both types of tested coatings fall within the error ranges specific for each layer. The
maximum value of the estimated error and the average cumulative erosion value determined for all tested samples are
shown in table 3. The images in figure 5 and figure 6 show the evolution of the damages caused by cavitation onto the
elastomeric layers during the testing period.
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Fig. 5. C1 - elastomeric layer applied by brushing. Degradation of the surface exposed to
cavitation at successive testing intervals
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Fig. 6. C2 - elastomeric layer applied by spraying. Degradation of the surface exposed to
cavitation at successive testing intervals

The macrographs in figure 5 show that the degradation process of the elastomeric layer deposited by brushing
(C1) started from the first hour of exposure to cavitation and continued through the development of deep areas of surface
damages interconnected by a large number of cracks. These images, associated with the experimental results represented
in figure 3, confirm that the cavitation phenomenon was intensively going on during the whole testing period, conducing
to the progressive material loss from the surface of the protective brushed layer.
In case of the sprayed elastomer (C2), the damage process started only after an incubation stage of about 190 minutes
and the material loss during the testing period was significantly lower, as presented in figure 3 and sustained by the
images of the C2 - specimens surface shown in figure 6.
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Conclusions

The investigations presented in this paper are part of an extensive research program conducted by the Research Center
for Hydraulics, Automation and Thermal Processes (CCHAPT) of the “Eftimie Murgu” University of Resita aiming to
develop alternative repair techniques and protective coatings for cavitation affected zones on hydropower plant
components.

One of the techniques evaluated as possible solution for enhanced protection against cavitation is the use of different
elastomer layers, with or without reinforcements. In this paper, the authors intended to point out if the method used for
obtaining elastomer coatings manifests any influence of the cavitation resistance of the protective coating. For
comparison, a fluid elastomer was brushed and sprayed onto a martensitic substrate and the layers obtained were tested to
cavitation resistance for 600 minutes using the vibratory indirect method.

The experimental results revealed that the deposition method influences the resistance to cavitation of the elastomer
coatings. The elastomer layer applied by spaying (C2) showed significantly better resistance to cavitation than that applied
by brushing (C1), which is why sprayed elastomers have to be preferred.
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