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INFLUENCE OF SURFACE ROUGHNESS ON THE CAVITATION
WEAR OF P265GH AND X2CrNi18-9 STEEL CAVITATION

GENERATORS

The aim of this paper was to determine the effect of surface roughness of cavitation generators made from two different materials:
P265GH steel, with a ferritic-pearlitic structure, and X2CrNil8-9 (304L) steel with an austenitic structure on the mass loss and cavitation
wear. Cavitation generators were tested in the conditions of cavitation wear environment continuously for 500 PMHs in a specially designed

and constructed author's stream and flow device. Based on the carried out experiments was confirmed that the highest mass loss - 0.1752 g is

seen for a sample of P265GH steel wet sanded with paper with the grain size of 1000. The smallest mass loss was recorded for the cavitation

generator made of X2CrNil8-9 (304L) steel, sanded with sandpaper with the grain size of 2500. Certainly, the smallest number of cavitation

wear effects was found for a cavitation generator made of austenitic steel X2CrNil8-9 (304L). Few places were identified based on macroscopic

photographs, especially near the edges of the straight-through openings, but their number was much smaller than for the ferritic-pearlitic steel,
which is associated most of all with the properties of austenitic chromium - nickel steel.
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1. Introduction

The cavitation destruction phenomenon occurs in industry
wherever a quickly flowing working medium, e.g. fluid or saturated
steam, is moving due to the influence of differential pressure
in a technological process. The basic wear of constructional
materials working in a cavitation environment consists of an
abrupt change of pressure of the fluid rinsing a given surface
of a constructional element of machines, devices and industrial
apparats. The key methods of preventing a harmful effect of the
cavitation destruction phenomenon of constructional elements
are such constructional solutions as: optimum parametrisation
of machine parts’ geometry and the designing of a streamlined
surface shape, as well as additional technological solutions such
as: selection of materials and application of the adequate surface
engineering treatment [1], [2], [3], [4]. [5].

The purpose of this work was to examine the effect of surface
roughness of the following investigated steels, i.e. P265GH and
X2CrNil8-9 (304L) steel, on the mass loss and cavitation wear
of cavitation generators subject to operation in a stream and
flow device. Constructional elements, which were designed and
modelled in advance in Computational Fluid Dynamics (CFD)
numerical software, were made within the investigations [1],
[2], [3]. The constructions meeting the majority of geometrical
criteria were selected for further investigations in real conditions
in a stream and cavitation device with the flow character of work.
The selected constructional elements were made of two structural
steels, the first one of P265GH steel with a ferritic-pearlitic
structure, and the second of X2CrNil8-9 (304L) steel with an
austenitic structure. The author of this work will utilise the results
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of the investigations and the conclusions found after the operation
of steel elements for 500 operating hours [PMH - Productive
Machine Hour] to implement appropriate protection of surface
against cavitation wear, choosing from the available surface
engineering technologies, e.g. Physical Vapour Deposition (PVD)
or others [6], [7], [8], [9], [10], [11].

2. Research material and methodology

Following the pre-optimisation of cavitation generator
dimensions and shape [1], two grades of steel were used
for the purpose of investigations aimed at determination of
potential places of intensive cavitation wear. The first grade is
steel commonly used for pressure devices working at elevated
temperatures, P265GH, with a ferritic-pearlitic structure, and
the second is from a group of stainless steels - chromium - nickel
X2CrNil8-9 (304L) steel with an austenitic structure. The
P265GH steel - due to its unlimited availability and attractive, low
market prices - is used for constructing heat distribution devices
and heating devices, and for less important constructional parts.
The X2CrNil8-9 (304L) steel, which exceeds the price of P26 5GH
steel five times, is used for production of devices, apparats and
fittings in the chemical, food, power and petrochemical industry
and for constructional elements in the aviation and shipbuilding
sector. The chemical composition of the structural steels, tested in
the conditions of cavitation wear, is presented in Table 1.

Constructional elements made of the two steels, with their
shape and dimensions selected based on the analysis of results of
numerical simulations in ANSYS FLUENT software, described in
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Table 1 Chemical composition of the structural steels tested in the conditions of cavitation wear: P265GH by PN-EN 10028:2010; X2CrNi18-9 by

PN-EN 10088 [mass fraction, %]

Chemical composition C Mn Si Al Cr Ni Cu Ti N S P
Steel [%] [%] [%] [%] [%] [%] [%] [%] [%] [%] [%]
max - - 0.4 0.3 0.3 0.3 0.03 0.012
P265GH
0.16 0.99 0.23 0.047 0.027 0.013 0.026 0.001 0.003 0.008 0.019
X2CrNil8-9 min. 17.50 8.00
(304L) max <003 <20 <10 19.50 10.50 <0.11 <0.045 <0.015

a)

b)

Figure 1 Cavitation generator model’s dimensions and shape selected based on the analysis of results of numerical simulations in ANSYS
FLUENT software; cavitation generator thickness of 5 [mm], relative clearance of Pp=11.1 [%]

a)

b)

Figure 2 Model of a stream and flow device generating a cavitation environment; a) isometric diagram of the device, testing and measuring
system; b) simplified computer model of the cavitation generator location with the medium (water) flow direction marked

[1], shown in Figure 1, were tested in the conditions of cavitation
wear continuously for 500 PMHs in a specially designed and
constructed author’s stream and flow device (Figure 2) generating
a cavitation environment. The detailed process parameters are
presented and described in [1].

The purpose of this work was to examine the effect of
surface roughness of the investigated steels on the mass loss
and cavitation wear of cavitation generators in a stream and
flow device. Due to a large number of samples and, most of all,

a long exposure time in a stream and flow device of 500 PMHs,
3 cavitation generators made of P265GH steel, wet sanded with
Struers sandpapers with the grain size of, respectively 200, 1000
and 2500, and one cavitation generator made of X2CrNil8-9
(304L) steel, sanded with sandpaper with the grain size of
2500, were selected for the investigations. The samples, prior to
installation in a stream and flow device generating a cavitation
environment (Figure 2), as well as after 500 PMHs of continuous
work in such a device, were cleaned in an ultrasound scrubber,

VOLUME 20

COMMUNICATIONS 3/2018



30

T. LINEK et al.

before exploitation

64
oo e B n
e~ h (11]
60 © 7 ®
b1 h & ~
£ 58 » i
i)
(1]
S s6
54
52
50

| 57.0083

[ after exploitation - 500PMHs

59.4399
9.4395

56.5545
| 56.5182

Surface roughness of steel

Figure 3 Loss of mass, i.e. the mass of cavitation generator made of P265GH and X2CrNil8-9 (304L) steels after use in cavitation wear conditions
in a stream and flow device

and then weighed on an analytical scale, AS/X, by RADWAG.
Surface roughness was determined with a Surtronic 25 contact
profilometer by Taylor Hobson. At least four measurements, along
the length of 16 mm in different areas of the cavitation generator,
were made to determine the surface roughness of each sample.
A motorised stereoscope microscope, Stereo Discovery V12, by
Zeiss, with a magnification of 8 to 100 x, featuring an AxioVison
image analysis system, was used for preliminary elimination of
cavitation effect results. Detailed macroscopic examinations of
the samples surface after cavitation wear were carried out with
a scanning electron microscope, SUPRA 35, at the accelerating
voltage of 5 to 20 kV using secondary electrons (SE) detection,
with the magnification of 150-750 x.

3. Results

The cavitation generators, both before and after use in
the conditions of cavitation wear in a stream and flow device
continuously for 500 PMHs, were weighed and subjected to
surface roughness measurements. The results of weight and surface
roughness measurement examinations are shown, respectively, in
Figure 3 and Figure 4.

The results of macroscopic examinations of the applied
P265GH and X2CrNil89 (304L) steels in cavitation wear
conditions made with a stereoscopic microscope, Stereo Discovery
V12, by Zeiss, with the magnification of 8 to 100 x, are shown in
Figure 5, Figure 6, Figure 7 and Figure 8. Meanwhile, the detailed
results of examinations of the samples surface after the cavitation
wear, carried out with a scanning electron microscope, SUPRA
35, using the secondary electrons (SE) detection, are shown in
Figure 9. A cavitation generator made of ferritic- pearlitic steel
designated as 200-P265GH, wet sanded with sandpaper with
the grain size of 200, weighed 57.6271g before use and featured
a surface roughness coefficient R of 0.627, thus falling to the 8th

surface roughness class according to PN-EN ISO 1302:2004. As
a result of operating the cavitation generator in a stream and flow
device for 500 PMHs, numerous corrosion centres have appeared
on the generator front surface according to the flow direction of
the medium, i.e. water with an inlet pressure of 244 kPa, especially
along the cavitation generator sanding direction. Cavitation
wear was found near the straight-through openings (Figure 5).
A negligible loss of mass of approx. 0.03g was also found as
a result of operation and a roughness coefficient R, fell from 0.627
to 0.41, which is further classified as the 8th surface roughness
class. For a cavitation generator made of ferritic-pearlitic steel,
designated as 1000-P265GH, i.e. wet sanded with sandpaper
with the grain size of 1000, with the weight of 57.1835g and the
surface roughness class R of 0.15, which classifies it into the 10th
roughness class, due to work in a cavitation environment for 500
PMHs, numerous corrosion centres have developed, especially in
the area of the generator’s straight-through openings (Figure 6).
The highest mass loss, by as much as 0.1752g in relation to all the
operated generators, and the growth of the roughness coefficient
R, from 0.15 to about 0.5, was found after operating a generator
marked as 1000-P265GH, which decreases the roughness class
from 10 to 8. The last sample made of ferritic-pearlitic steel,
designated as 2500-P265GH, operated for 500 PMHs, features
a surface with numerous cavitation corrosion centres on the
surface (Figure 7a) and damages, breaks and flaking of the
cavitation generator openings’ edges were found (Figure 7b and
Figure 9). A small mass loss of the sample was seen for this
sample from 56.5545g to 56.5182g and the roughness coefficient
increased from 0.09 to 0.285, i.e. declined from the 10th to 9th
roughness class.

Much better results were achieved by a cavitation generator
made of austenitic steel X2CrNil8-9 (304L) wet sanded with
sandpaper with the grain size of 2500, with the weight of
59.4399¢ and with the surface roughness coefficient R of 0.1,
which is ascribed to the 10th roughness class. The weight dropped

COMMUNICATIONS 3/2018

VOLUME 20



INFLUENCE OF SURFACE ROUGHNESS ON THE CAVITATION WEAR OF P265GH AND X2CrNil18-9...

before exploitation B after exploitation - 500PMHs

& 0.7 0.627
t 06 f
g 0.502
& 0.455
£ 05 ol 411
=]
S 04
a
2 03
=
2 02
3 0.
g 0.1
8
5 o0
X X
& &
& S
o o)
b R
§ S

Surface roughness of steel

Figure 4 Variation of the surface roughness coefficient R of cavitation generators made of P265GH and X2CrNil8-9 (304L) steels after use in
cavitation wear conditions in a stream and flow device

a) b)
Figure 5 Result of cavitation wear of the surface of a constructional element made of P265GH steel wet sanded with sandpaper with the grain size
of 200 and after operation in a stream and flow device for 500 PMHs a) magnification of 8 x; b) magnification of 40 x

a) b)
Figure 6 Result of cavitation wear of the surface of a constructional element made of P265GH steel wet sanded with sandpaper with the grain size
of 1000 and after operation in a stream and flow device for 500 PMHs a) magnification of 8 x; b) magnification of 60 x
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a)

b)

Figure 7 Result of cavitation wear of the surface of a constructional element made of P265GH steel wet sanded with sandpaper with the grain size
of 2500 and after operation in a stream and flow device for 500 PMHs a) magnification of 8 x; b) magnification of 40 x

a)

b)

Figure 8 Result of cavitation wear of the surface of a constructional element made of X2CrNi18-9 (304L) steel wet sanded with sandpaper with the
grain size of 2500 and after operation in a stream and flow device for 500 PMHs a) magnification of 20 x; b) magnification of 100 x

100 pm EHT = 20.00 kV
WD = 28 mm

Signal A = SE2
Mag= 500X

a)

100 pm EHT = 20.00 kv

F—— wp= 28

Signal A = SE2
Mag= 500X

b)

Figure 9 Result of cavitation wear of the surface of a constructional element made of P265GH steel wet sanded with sandpaper with the grain size
of 2500 and after operation in a stream and flow device for 500 PMHs

to just 0.0002 g after operation, i.e. was within the measurement
error range, and the roughness coefficient rose to 0.455, which
ranks it in the 8th roughness class. Deterioration of the surface
roughness with practically negligible mass loss indicates that the
tested cavitation generator reached surface distortion, but no
significant material losses were found, especially near the edges
of the straight-through openings, but only the micro cracks. It
means that the material has deformed but without losing weight,

a chrome-nickel steel generator that is resistant to corrosion is
characterized by better stability and resistance in conditions of the
flowing medium. A few places in X2CrNil8-9 (304L) cavitation
generator were identified based on macroscopic photographs,
especially near the edges of the straight-through openings, where
cavitation corrosion was initiated. Axial brittle cracks going deep
inside the material, were also identified (pointed by an arrow,
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b)

Figure 10 Result of cavitation wear of the surface of a constructional element made of P265GH steel wet sanded with sandpaper with the grain
size of 2500 and after operation in a stream and flow device for 500 PMHs

Figure 8b), initiated with an eroded edge of the straight-through
opening.

In addition, based on the macroscopic examinations
undertaken using a scanning electron microscope (SEM) for the
cavitation generator made of P265GH steel, it was confirmed that
on the edges of the straight-through openings, especially on the
edge with the biggest opening area, exist numerous places, which
were being spun by the flowing water. Cavitation craters and pits
were formed in the first stage, then such craters were piling up
and more corrosion centres were being formed, leading to either
complete damage and breaking of the material part from the edge
or to material flow inside the opening according to the medium
flow direction (Figure 9 and Figure 10).

4. Summary

Based on the experiments carried out, consisting of the
operation of specially designed and produced -cavitation
generators in the author’s stream and flow device, generating
a cavitation environment continuously for 500 PMHs, made of
P265GH and X2CrNil8-9 (304L) steel, it was confirmed that the
highest mass loss - 0.1752 g is seen for a sample of P265GH steel
wet sanded with paper with the grain size of 1000. The smallest
mass loss, with its value at the level of the measurement error, was
recorded for the cavitation generator made of X2CrNil8-9 (304L)
steel, sanded with sandpaper with the grain size of 2500. For the
cavitation generators, with surface roughness in the input state of
the 8th roughness class (R = 0.627 for 200-P265GH generator),
it was found that operation in a stream and flow device for 500
PMHs causes small improvements in surface quality - R, = 0.41.
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