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Cavitation Induced Damage: FEM I nverse M odeling of the Flow Aggressiveness

Samir Chandra RoYy Marc Fivel, Jean-Pierre FrafcChristian Pellorfe
YUniv. Grenoble Alpes / CNRS, SIMaP-GPM2, F-38000 Grenoble, France
Univ. Grenoble Alpes / CNRS, LEGI, F-38000 Grenoble, France

ABSTRACT
An inverse method is proposed to identify the pressure fields that could generate individual pits as observed
experimentally in eroded samples made of three different materials. Assuming each pit was generated by a single bubble
collapse, the pressure load is defined by two parameters, the peak pressure and its radial extent. An inverse method
based on finite element modeling is proposed. The method gives access to the load distributions relevant to the
aggressiveness of the cavitation test which is found to be consistent with the three materials responses.
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1. Introduction
In order to predict erosion damage, it is essential to il
know the loading conditions generated by the bubble
collapses. However, the determination of the loading
conditions due to bubble collapses remains a major issue
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in cavitating flows. The pressure pulses may be directly | Y Pt
measured experimentally inside the cavitation facilities )] e ey
for example by using pressure transducers flush hooocebz pod 008 008

h . Strain[]
mounted in the region of the bubble collapses [1-3]. Fig 1 Mmaterial characterization using nanoindentation
However this method gives the impact loads in Newtons a1 and Johnson-Cook extrapolations to high strain
but the determination of the pressure field in term of

stress amplitude (in MPa) is difficult because the loaded
surface area is unknown and usually much smaller than gjnce a bubble collapse takes place in a very short
the transducer sensitive surface. period of time (typically less than one microsecond), the

Alternatively, CFD simulations could be used but gress.strain curve has been corrected in order to account

generally these simulations assume that the impactedo, high strain rates. The stress is modified using the
materials is a rigid surface which is a strong assumption j5h4s0n Cook model

leading to overestimations of the applied pressure. )

In order to overcome these measurement difficulties, ao(é):ao[1+clnfgj
another option may be used based on an inverse €0

modeling approach. The idea is that each pit is the for which parameter C has been taken from literature
signature of a single bubble collapse. Then, it can (Al: C=0.017 ; SS: C=0.011; NAB: C=0.06). The strain
reasonably be expected that the loading conditions be rate effect on the stress-strain curve is shown in Fig.1.
derived from the geometry of the pit and the material 2.1 Cavitation erosion data

properties. Cavitation erosion tests have been performed on the
In the present work, such a technique is proposed for same three materials using the device described in
deriving the loading conditions from pitting tests details in [4]. Pits produced at upstream pressure of 10
conducted during the incubation period. It is based on and 40 bars for exposure times up to 15 minutes have
FEM (Finite Element Method) computations of the been considered for the current analysis. Sample
response of the material to a representative pressuresurfaces after pitting test have been analyzed using a
pulse. An inverse procedure is then proposed to derive conventional contact profilometer with microprobe of
the distribution of the pressure profiles from the depth radius 2 um.

and diameter of pits observed experimentally.

2. Method

2.1 Material characterization

Prior to any simulation, the material behavior needs
to be identified. This has been done using spherical
nanoindentation tests performed on three tested

materials: an Aluminum alloy Al 7075 (Al), a stainless  Fig "2 Typical eroded surface of Al sample. () 2%3mm
steel A2205 (SS) and a Bronze (NAB). Using Tabor's gcan of the surface with multiple impacts (b) zoom on a
equation, the tensile equivalent loading curves have 10x10pm zone surrounding a typical pit.

been identified as the dashed curves plotted in Fig.1.

For each material, image analysis of the measures gave
Corresponding author: Marc Fivel 200 characterizations of isolated pits as the one shown
E-mail address: Marc.Fivel@simap.grenoble-inp.fr in Fig.2b. Each pit is characterized by its diameter and

depth.



2.2 Finite Element M odeling

For sake of simplicity, the modeling is restricted to a 2D _ **® 10bar et s0bar
. .. . . . . z d,:60-80 pm 2 e d,:40-60 um
axisymmetric investigation. The applied load consists of f 1ee .= : e
. . . . . . 3 Ty R
a pressure distribution with a Gaussian shape applied ong " . | S L -
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The mesh is locally refined in the vicinity of the Fig. 5 Impagt frequency as a function of the pressure
maximum loaded zone. Finite Element simulations are SU€SSw for @ given range of pressure exteftd/2.
conducted using software ABAQUY%ind 8100 CAX4R
elements surrounded by a layer of CINAX4 infinite
elements in the bottom-right sides of the simulation cell.
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Figure 6 gives the 2D distribution of the impact
frequency.
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Fig. 3 Typical FEM mesh used in the simulations _ T _
(N1=20 N2=30 elements). The figure only shows a Fig. 6 2D distribution of impact frequency. Data
magpnified view of the loaded zone. obtained for the upstream pressure of 40bars.

The material behavior is taken as elastic-plastic with the A 3D fit of the surface passing through all the data
reference curves defined at the strain rate of I800s points give the following analytical expression of the
(continuous curves in Fig.1). frequency of impacts in function of; and g,

- i 2ot 2]
3. Resultsand Discussion oy, d,
An inverse method is conducted in a view to find the This expression is the signature of the flow
best set of parametergy(ry) that generates a given aggessiveness.
experimental pit profile. Results are reported in Fig.4.
As expected the higher upstream pressure leads to4. Concluding Remarks

higher hydrodynamic stresses. The inverse FEM approach presented here gives an
w500 analytical expression of the impact frequency for a given
:x o NAB:10 bor b + NAB:4O bar cavitation condition. This expression is material
$ w00 antoow | 5 ss00 i o independent and quantifies the flow aggressiveness.
S 3000 & 3000 Since each material reacts differently to a pressure pulse,
g 200 § =0 "ha' they filter the impacts left at the surface so that the
¥ 200 g e Foped " material can be viewed as a sensor of the cavitation
E 1500 E 1500 ot 270 o° .
e : * Sl | T s conditions.
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Fig. 4 Results of the inverse method for the two test [1] Franc, J.-P., M. Riondet, A. Karimi and G. L.
conditions (10 and 40 bars). Chahine, Journal of Fluids Engineering 133(12)

. ) (2011) 121301-121308.
In order to quantify the flow aggressiveness, We (51 Hattori, S., H. Mori and T. Okaddpurnal of Fluids
chose to plot the number of impacts per area and per Engineering 120(1) (1998) 179-185.

unit of time. It appears that the points calculated from [3] Soyama, H., A. Lichtarowicz, T. Momma and E. J.
the three materials do not fall on a given master curve. ~  \williams. Journal of Fluids ,Engineering 120(4)

This indicates that such a plot is not relevant of the flow (1998) 712-718.

characteristics. One way to solve this problem is to plot [4] J.-P. FrancJournal of Fluids Engineering 131(2)
the impact frequency for a given range @br oy. This (2009) 021303.

better addresses the bubble distribution in term of

pressures and sizes. This has been done in Fig.5 where

the impact frequency is now plotted as a function of the

impact stressoy, but for a given range of applied

pressure radiugy. One can clearly see that the three

matrials get aligned on a given unique curve.
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