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Cavitation is a phenomenon of classical interest which can be observed in various applications. It consists
in a transition of phase due to a pressure drop under the saturation pressure of a liquid. The unsteady be-
havior of this phenomenon leads to generate some issues such as erosion, noise or vibrations: as a result the
comprehension of the cavity dynamics remains of crucial importance. Unsteady cavitation has been investi-
gated in numerous studies and a mechanism of re-entrant jet has been firstly identified as responsible of the
cavity shedding process. Recently, a second shedding mechanism, induced by a shock wave propagation due
to the condensation of vapor structures, has been experimentally highlighted with X-ray measurements'. The
present paper focuses on the experimental detection, with a wavelet method, of these two shedding features on
2D image sequences recorded with a high-speed camera about a double transparent horizontal Venturi nozzle
with 18°/8° convergent/divergent angles respectively. A compressible two-phase flow numerical 3D model is
performed in complement in order to illustrate some phenomena hardly perceptible experimentally.

INTRODUCTION

Partial cavity shedding phenomenon has been widely
investigated in the past decades about different geome-
tries such as hydrofoil profiles?>”, spheres® or Venturi
nozzles? 2. As a consequence, a dynamical feature has
been clearly consisting of a frothy re-entrant jet reaching
back the vapor cavity and eventually cutting it in two,
the second “cloud” cavity being advected downstream.
A correspondence between this re-entrant jet and cavity
shedding occurrences has been evidenced®. This leads to
a near-periodic cycle which can be defined with a fre-
quency fs. Besides Reisman et al.* observed with high-
speed cameras coherent bubble collapses, due to the sep-
arated clouds convected to a high pressure region, which
leads to another type of shedding phenomenon. In the
recent PhD experimental works of Ganesh!, this mech-
anism has been highlighted with X-Ray measurements.
Such as the re-entrant jet, this shedding feature repeats
itself with a frequency f,.

The data acquired in these different studies gives valu-
able statistical 2D outcomes of the two-phase flow dy-
namic, such as cavity length or cloud shedding fre-
quencies, for a large array of pressure and velocity
conditions'®. However a numerical investigation appears
to be necessary to capture some phenomena which re-
quire a very high time-resolution, as the bubbly shock
wave, or which are due to 3D effects. In this context,
Schnerr et al.'* focused their investigation on the collapse
induced shock about a hydrofoil. In the same manner
Decaix and Goncalves'® studied numerically the behav-
ior of cloud cavitation developing along a Venturi type
nozzle by a compressible one-fluid model. These stud-
ies point out that the major source of vorticity is due
to the collapse of vapor structures which also results in

the formation of hairpin vortex structures. They equally
show different aspects of a periodic cycling which can
take place in the case of a Venturi nozzle.

The present study proposes to investigate these two
shedding processes experimentally with 2D image se-
quences recorded with a high-speed camera placed on
the side of double Venturi nozzle. For a fixed Reynolds
number Re = 1.2 x 10° a small range of cavitation num-
bers (from o, = 0.38 to 0.60), corresponding to a tran-
sient cavitation regime where both shedding features are
present in the flow, is explored. A wavelet method, devel-
oped by Torrence and Compo'® and already used in cloud
cavitation shedding investigations by Brandner et al.®'”
is then introduced. The method is applied on image grey
levels in order to extract and associate some image se-
ries to the occurrence frequencies of the two shedding
mechanisms fs and f,,. The symmetry between the two
facing cavities is also discussed. Finally, a compressible
3D numerical model is introduced in order to highlight
the bubbly shock wave mechanism, hardly perceptible in
2D outcomes, and to investigate the 3D effects on the
cavities such as the “side-entrant jet” induced by aspect
ratio and scale effects'?. One can refer to the work of
Tomov et al.'® to have more details about the numerical
models.

EXPERIMENTAL SET-UP

All experiments were carried out in the closed variable-
pressure hydrodynamic loop of the DynFluid Laboratory.
The circuit, fully describe in a previous work of Tomov et
al.2, is composed of two tanks (150 L capacity each) con-
nected to each other with 40 mm inner diameter pipes.
The test section, represented in Fig. 1, is 10 mm square



at the throat and two facing Venturi-type sections with
18°/8° convergent/divergent angles respectively induce
vapor/liquid mixture cavities. All positions in the test
section are expressed as non-dimensional values X™* orig-
inating at the center of the test section.
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FIG. 1. VENTURI NOZZLE GEOMETRY AT SCALE!2.

The operating discharge velocities in the pipes V;,, and
at the throat V, are estimated regarding the flow-rate
measurements and are kept constant in all the study; re-
spectively at 4 and 12 m.s~!. In the mean time the pres-
sure P, measured upstream of the throat at X* = —6,
is varied in the present set from 94 to 110 kPa. The
reference pressure at the Venturi throat P, is estimated
with a classical Bernoulli theorem (assuming there is no
pressure loss between the upstream and the throat part)
as follow P, = P+ p(V2 — V2). All the character-
istic non-dimensional numbers associated to the present
study, which are based on the reference values at the
throat P,., V.., and H, are developed in Tab. I. The
Strouhal number, for which the definition remains in-
tricate in spite of the proposal of its unification made by
Dular!?, is defined in the present study with the Venturi
throat height H in order to only observe the evolution
of the shedding frequencies independently of the cavity
closure length.

TABLE I. NON-DIMENSIONAL NUMBERS.
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High-speed photography was used to investigated the
cloud cavitation shedding mechanisms. The camera,
placed on the side of the Venturi nozzle, acquired image
sequences with a resolution of 1280 x 512 pixels within
1000 frames per second during 3 seconds. One can refer
to the study of Tomov et al.'? for further informations
about the experimental set-up characteristics and the un-
certainties of measurements.

EXPERIMENTAL OUTCOMES ANALYSIS

In the present paper a transient cavitation regime (also
called “transitory regime”!) where two shedding mech-
anisms coexist is investigated. This particular regime,

studied for a fixed Reynolds number Re = 1.2 x 10°, oc-
curs in the present study for an array of cavitation num-
bers between 0.38 and 0.60. The following subsections
present the different post-processing techniques used to
extract the shedding cavity characteristics in order to
investigate the different mechanisms in addition to the
cavities’ symmetry.

Grey Level Detection

Classically the cavity closure length, which correspond
to the place where most of the shedding processes take
place, is detected with the maximum of standard devi-
ation on a sequence of images'!. In the present study
the region of interest is divided in two in order to in-
vestigate the symmetry of the different cavities. After
image normalization, consisting in subtracting all instan-
taneous images by a reference image without cavitation,
the grey levels are calculated in all the image series and
the maximum of standard deviation is detected as visi-
ble in Fig. 2. Averaging in all the image sequence, the
two facing cavities appears to be symmetrical and for the
cavitation number reported in Fig. 2, the cavity closure
length measured is almost the same for both sided cavi-
ties (L* ~ 4.05).
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FIG. 2. STANDARD DEVIATION FOR AN IMAGE SE-
QUENCE TAKEN AT ¢, = 0.46. THE WHITE FULL LINE
REPRESENT THE CAVITY CLOSURE LENGTH CORRE-
SPONDING TO A MAXIMUM OF STANDARD DEVIA-
TION.

After this first step, a frequency analysis is made on
the grey level signals extracted from the vertical line asso-
ciated to the cavity closure (white full line in Fig. 2) to
capture the shedding frequencies supposedly associated
to both shedding phenomena.

Wavelet Frequency Analysis

Wavelet analysis is usually used, mainly in geophysics
studies, in order to decompose time signals into time-
frequency space allowing to determine dominant modes
of variability through time and, as a result, to associate
dynamic features to their frequencies of occurrence. This
method is particularly adapted to detect near-periodic
events such as cloud cavitation shedding phenomena
that can occur simultaneously.
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In the present study a continuous wavelet transform
based on the work of Torrence and Compo'® is applied
on grey level signals at the cavity closure line. A non-
orthogonal complex wavelet function, relevant for time
series analysis, is implemented with a Morlet base (Fig.
3). This particular wavelet base, representing a plane
wave modulated by a Gaussian, is particularly adapted
and usually used with image analysis to extract frequen-
cies of occurrence®. Consequently, the method give the
wavelet transform |W,| all along image series in time-
frequency space allowing to associate a particular se-
quence of images (representing for instance a shedding
process) to an array of frequency. By integration on the
time series, a Power Spectral Density (PSD) |[Wn|? can
be calculated and a frequency of occurrence can be esti-
mated.

An example of application is given in Fig. 4 in a par-
ticular case (o, = 0.38) which will permit to illustrate
the two shedding mechanisms in the following. Firstly
one can notice similarities between the two wavelet trans-
forms, confirming the symmetry between top and bottom
cavities. Secondly the PSD associated to both facing cav-
ities presents two similar frequency peaks which might
correspond to the two shedding frequencies pursued.
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Transient Cavitation Regime

As aresult, both evolutions of cavity closure lengths L*
and shedding frequencies fs and f,, are obtained experi-
mentally with image analysis as a function of the cavita-
tion number in the transient cavitation regime (Fig. 5).
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FIG. 5. (A) NON-DIMENSIONAL CAVITY LENGTH

CLOSURE AND (B) BUBBLY SHOCK WAVE (CLOSED
SYMBOLS) AND RE-ENTRANT JET (OPEN SYMBOLS)
SHEDDING FREQUENCIES EVOLUTIONS ACCORDING
TO THE CAVITATION NUMBER. COMPARISON BE-
TWEEN TOP (TRIANGLES) AND BOTTOM (CIRCLES)
CAVITIES.

The evolution of the cavity closure length is found to
be in good agreement with the literature®'!3 for both
top and bottom cavities which have almost the same size
for a given pressure. On the other hand the two measured
frequency peaks appears to increase differently with the
cavitation number. The lower shedding frequency (about
10 Hz), which might correspond to f, according to the
wavelet transform outcomes, is increasing slowly with
the cavitation number whereas the associated re-entrant
jet shedding frequency fs increases faster, the frequency
quadrupling from 50 to 200 Hz between o, = 0.38 and
o, = 0.60. Therefore the re-entrant jet mechanism seems
to be highly influenced by the cavity size, the shedding
feature occurring with more difficulty for long cavities.
These results are coherent with the outcomes obtained
by Keil et al.'®> who detected two periodic processes pro-
gressing as a function of the cavitation number in the
same way than in the present study. These two shedding

frequencies have also been reported by Leroux et al.” who
observed, for an hydrofoil, a frequency peak about 18 Hz
corresponding to a re-entrant jet shedding and a lower
frequency (about 3.5 Hz) that they associated to a shock
wave phenomenon induced by the main cloud collapse.
One can notice equally that the symmetry between top
and bottom cavities appears to begin to break for the low-
est cavitation numbers with the cavity lengths. The evo-
lution of the shedding frequencies, with the diminution of
the re-entrant jet shedding frequency for low cavitation
number, might indicate a transition to another cavitation
regime: the “periodic” cavitation regime (where only the
bubbly shock wave occur) reported by Ganesh®.

This transition of shedding mechanism has been charac-
terized by several authors®'® by a cavity length bifur-
cation around the value o/2a ~ 4 where « represents
the attack angle of an hydrofoil and the divergent angle
in a simple Venturi-type geometry. In the present study
a = 8° and o can be defined with the inlet pressure P (as-
suming the pressure loss between the upstream and the
cavity closure is negligible) and the flow velocity V;. which
is supposed to be reached at the cavity closure. Thus the
lowest pressure investigated, for which the re-entrant jet
frequency is very low, corresponds to o/2a ~ 4.57 which
is coherent with the cavity length bifurcation classical
value.

NUMERICAL SIMULATIONS

Numerical simulations (o, = 0.26) are used in com-
plement to highlight the bubbly shock wave mechanism,
hardly perceptible in the previous experimental image
series, and to capture a feature due to 3D effects: the
side-entrant jet. The numerical model consists in a com-
pressible Navier-Stokes equations coupled with the Ho-
mogeneous Equilibrium Mixture model (HEM) which are
solved with a Finite Volume solver based on Moving
Least Squares (MLS) approximations. The computa-
tional domain, based on the experimental geometry, is
meshed with 3.1 x 10° tetrahedral cells.

Due to the compressibility of the two phases, spurious
pressure waves might be generated from the upstream
and downstream boundaries and then trapped in the
computational domain. In order to overcome to this
problem, the same non-reflecting boundary conditions as
the ones used by Schnerr et al.'* are computed. Ve-
locity Vi, and temperature T, are imposed in the inlet
boundary in addition to a static pressure P, at the outlet
boundary. Table II summarizes these boundary condi-
tions.

In the present study, a really small time step is neces-
sary in order to capture the different shedding mecha-
nisms. To date coherent frequencies of shedding cannot
be found properly with simulations and compared with
experimental data, therefore the numerical investigation
will only be focused on the description of the shedding
features.



TABLE II. BOUNDARY CONDITIONS IN COMPUTA-
TION.

‘/ti Po P Too Re Or
(m.s™") (kPa) (kPa) (K)
4 50 85 300 1.2 x 10° 0.26

The numerical models and the meshing is further de-
tailed in the work Tomov et al.'8.

CLOUD CAVITATION SHEDDING
MECHANISMS

In the present section, several shedding mechanisms
are discussed. The choice is made to focus the experimen-
tal study, which is based on the wavelet analysis visible in
Fig. 4, only on the extreme cavitation number o, = 0.38.
The vapor structures are in that case of important size
and consequently might be easier to observe. As reported
in Tab. III, one can notice that the wavelet PSD peak
ratio R = |W,(fuw)?/|Wn(fs)|? is important, meaning
that the bubbly shock wave phenomenon is particularly
pronounced comparing to the re-entrant jet and, as a re-
sult, might be visible in images in spite of the quickness
of the wave.

TABLE III. EXPERIMENTAL RESULTS FOR o, = 0.38.

Bottom Cavity Top Cavity Uncertainty

fs (Hz) 47.2 48.2 +4%
fuw (Hz) 9.5 9.5 +4%
L* 8.2 7.7 +2%
R 4.8 3.9 +10%

Re-Entrant Jet

As previously explained, the re-entrant jet is a well-
known shedding mechanism characterized in several
studies®36. This cloud shedding cycle is illustrated in
Fig. 6 with experimental side views.

The re-entrant jet occurs at the rear of the cavity due to
the expansion of its closure region; the combination with
the wall induces a stagnation point. The conservation
of momentum at this point makes the fluid to go under
the cavity: a re-entrant jet is created. For small cavities,
the jet thickness is very small comparing to the frothy
cavity thickness and an adverse pressure peak tends to
stabilize the cavity closure. It results in a closed cavity
where the re-entrant jet generates an apparently coher-
ent and robust in time vapor/liquid mixture. For big

cavities, as presented in Fig. 6, the adverse pressure gra-
dient at cavity closure is small enough in order that the
frothy re-entrant jet, generated after the cavity growing
(T = 498 ms), progresses in the vapor phase (T' = 500
to 510 ms) and finally reaches its top surface interface.
As a result the vapor phase is cut in two parts (T = 512
ms), the downstream partial cavity being next advected
by the flow. One can notice equally the creation of a
hairpin-like vortex, highlighting the interaction between
the top and bottom cavities.

The re-entrant jet shedding cycle presented in Fig. 6
(and more precisely the last sequence image taken at
T = 512 ms), is identified in Fig. 4 corresponding to
the peak of wavelet transform associated to a frequency
of occurrence f;. As a result, the cloud cavitation shed-
ding due to the re-entrant jet can be associated with
the higher frequency identified experimentally with the
wavelet method f.

Bubbly Shock Wave

As described in the experimental PhD work of
Ganesh!, the condensation shock wave might occur at
the cavity closure when the thickness of the re-entrant
jet tends to be equal to the cavity thickness (contrary
to the re-entrant jet shedding mechanism for which the
jet thickness is small comparing to the cavity thickness)
which does not enable the flow to attain a kinematic
equilibrium. Indeed, this equality would require that
the flow streamline at the cavity interface turn sharply
of 180° at the rear, implying no kinematic equilibrium
in the flow. Instead of this unstable phenomena, a
propagating discontinuity is observed! which might be
due to the sudden stop of the cavity growth generating
an overpressure region downstream of the cavity. This
overpressure might then interact with a “cloud” vapor
structure previously detached by one of the shedding
mechanisms, implying an abrupt condensation of the
structure. As a consequence, the bubbly structure
imploded and a coherent condensation (or bubbly)
shock wave is eventually created (as observable in the
numerical snapshots presented in Fig. 7).

In particular flow conditions, where the cavity va-
por/liquid mixture is of important size and thus not very
dense, the local speed of sound can become very small
and a high local Mach numbers can be reached. This
flow change results in a slower propagation of any poten-
tial disturbances, such as the condensation shock wave,
in the vapor structures than in liquid modifying the char-
acteristic time scales in the flow. It leads to the presence
of a propagating condensation shock wave which might
interact with the cavity closure region. This shock wave
could then be spread to the rest of the cavity inducing
some reflections and vapor condensations resulting to a
possible complex massive cloud cavitation shedding.

In the present study, the experimental data available
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FIG. 6. EXPERIMENTAL IMAGE SEQUENCE TAKEN AT CAVITY CLOSURE BETWEEN 498 AND 510 MS FOR
or = 0.38 AND CORRESPONDING TO THE FIRST WAVELET TRANSFORM PEAK PRESENTED IN FIG. 4. DARK
REGIONS ARE INDICATIVE OF VAPOR AND LIGHTER REGIONS OF LIQUID PHASE.

show that an intricate shedding process occurs periodi-
cally with a frequency f,, but do not permit to access
to a clear description of the condensation shock wave
phenomenon. As a result a numerical investigation, in
connexion with the pertinent experimental outcomes on
the mechanism available in the literature', appears to
be necessary in order to explore the shedding feature.

Therefore, Fig. 7 gives a preview of the condensation
of a vapor cloud described in the previous paragraphs.
One can notice the diminution of the vapor structure
downstream, which can be associated to a local velocity
divergence'2, leading to an implosion of the bubbly struc-

ture. The shock wave generated by this implosion is then
propagated in the flow (T = 41.3 ms). A pressure value
of 673 kPa is measured in the simulation at the location
of this implosion which is coherent with the instanteous
maximum pressure of 105 bar numerically obtained by
Schnerr et al.'*. The interaction of this shock wave with
the two facing cavities is presented numerically in Fig. 8
and experimentally. in Fig. 9.

The interaction between a bubbly shock wave (also
called condensation shock wave) and the vapor struc-
tures is first captured experimentally in the image se-
ries at T = 520 ms (Fig. 9) and is identified in the
wavelet transform (Fig. 4) as the beginning of a shed-
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FIG. 7. NUMERICAL SNAPSHOTS OF THE PRESSURE
DISTRIBUTION AND THE VAPOR STRUCTURES FOR
or = 0.26 WITH A TIME STEP OF 0.1 MS. THE MAXI-
MUM PRESSURE IS SATURATED AT 8.88 x 10* PA TO
VISUALIZE THE PROCESS OF CONDENSATION.

ding process characterized by a frequency f,,. This inter-
action, extremely difficult to capture experimentally due
to the quickness of the phenomenon, presents the exis-
tence of characteristic vertical sharp edges which have
equally been observed experimentally by Ganesh?!.

Numerically, the resulting shedding process is pre-
sented in Fig. 8 between 40 ms and 50 ms. At 7' = 40
ms, a cloud shedding due to a re-entrant jet just finishes
and a vapor structure is advected downstream. After
250 ps the cloud structure has imploded (Fig. 8) and the
resulting condensation shock is propagating in all direc-
tions in the flow. The following images in the sequence,
taken with a time step of 1 ms, show the interaction
of the shock wave with top and bottom vapor cavities.
As a result a contraction of both cavities, which might
be due to this interaction, is observed between the two
snapshots taken at T' = 41.25 and T = 43 ms. The
sizes of both top an bottom cavities appears to be syn-
chronized and symmetrical in the horizontal direction.
The shock wave is then propagating in the frothy cavi-
ties with a very small velocity due to the different gas
fractions encountered. The propagation velocity is esti-
mated in the present numerical results about 5 m.s™*
(for a time period of 3.5 ms the shock wave moves for-
ward 17.6 mm) which is coherent with the outcomes of
Ganesh'. In the rest of the sequence, several little vapor
shedding processes and cavity/condensation shock wave
interactions are observed until that a major shedding oc-
curs at T" = 50 ms. These observations concur with the
experimental image sequences registered where this shed-

ding feature appears to endure several interactions. Fi-
nally between the beginning (7' = 41.25 ms), where the
shock wave has not had affected the vapor cavities, and
the end (T' = 50 ms) of the shedding cycle the cavity
lengths of both sides of the Venturi nozzle L* decreased
from 6 to 2. This decrease confirms the importance of the
condensation shock wave as an unsteady cloud shedding
process.

To resume, the condensation shock wave shedding
mechanism has been identified numerically and the ob-
servations obtained are in good agreement with the ex-
perimental analysis of Ganesh!. Furthermore one can
notice that the mechanism leading to the apparition of
a condensation shock wave, which combines a cloud of
vapor (previously shed by a re-entrant jet) and a cavity
which reaches its maximum size of stability, induces that
the frequency of occurrence of this event might be lower
than the re-entrant jet shedding frequency. This assump-
tion is consistent with the experimental results found in
the previous sections.

3D Feature: the Side-Entrant Jet

The numerical simulations are equally used in order to

capture 3D effects, non-accessible with 2D experimental
measurements. As a result, a modified re-entrant jet pro-
cess called “side-entrant jet” is observed numerically and
is illustrated in Fig. 10.
This 3D phenomenon has been noticed experimentally
with Venturi geometries in the works of Dular et al.'’
and numerically with hydrofoils by Schnerr et al.'*. Ac-
cording to these studies this feature might be due to scale
effects and aspect ratios. The side-entrant jet can occur
under certain conditions of containment (with small and
wide Venturi throat sections) for which the re-entrant jet
is deviated randomly on both sides. In the present study,
one can notice a transversal flow velocity at the Venturi
throat (Fig. 10) evolving from the side walls to the mid-
dle section of the nozzle. This phenomenon then leads,
as the same manner as the classical re-entrant jet, to a
vapor cloud shedding.



3D Cavitation
T=40ms

Vapor structure
which condenses

Vapor Fraction
0977,

3D Cavitation
T=44ms

y
z—X| Front interaction

Vapor Fraction
0.976-,

3

3D Cavitation
T=45ms

Detachments due to
a contracted vapor

Vapor Fraction
0.976 -

3D Cavitation
T=48ms

with sharp edges

Complete detachments

Vapor Fraction
0.976-)

3D Cavitation
T=49ms

with sharp edges

Complete detachments

Vapor Fraction
0.976 -

3D Cavitation Vapor Fraction
T=41.25ms 09765
0.8
0.7
0.6
0.5
0.4
03
y Eo.z
0.1
z.~X ol 3
3D Cavitation Vapor Fraction
T=43ms o8 .
0.8
0.7
0.6
‘ Shock wave vapor front interaction ‘ o
r— Vapor Fracti
8D Cavitation Detachments due to e TopEERCtoR
T=46ms a contracted vapor "'Z
0.1
0.7
0.6
0.5
4
y
z. \‘X 0
3D Cavitation " 976_Vapar Fraction
0.9

T=47ms

038
07
0.6
05
0.4

03

02

01

3D Cavitation
T=50ms

z X Intermediate
detachment

Vapor Fraction
0977
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FIG. 9. NORMALIZED EXPERIMENTAL SNAPSHOT
TAKEN AT T = 520 MS FOLLOWING THE SEQUENCE
EXPOSED IN FIG. 6 SHOWING THE INTERACTION BE-
TWEEN THE VAPOR STRUCTURES AND A CONDEN-
SATION SHOCK WAVE.
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FIG. 10. NUMERICAL SNAPSHOTS OF THE
TRANSVERSAL VELOCITY AT THE VENTURI
THROAT FOR o, = 0.26 HIGHLIGHTING THE SIDE-
ENTRANT JET PHENOMENON.
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CONCLUSIONS

In the present paper, the transient cavitation regime
has been investigated experimentally on 2D image se-
quences in addition to 3D numerical simulations which
illustrate the shedding mechanisms hardly perceptible on
image series. The following summarizes the important
conclusions.

(1): Two different mechanisms have been clearly iden-
tified as responsible of cavitation cloud shedding
in the transient cavitation regime, namely the re-
entrant jet and the condensation shock wave.

(2): The condensation shock wave shedding mechanism
has been described with numerical simulations and
the resulting observations are found to be in good
agreement with the conclusions made in the experi-
mental investigation of Ganesh'. Consequently the
shock wave appears to result to the condensation
(and the implosion) of a vapor structure which has
been previously shed from the cavity downstream.
This condensation feature might be induced by a
sudden stop of the cavity growth (due to kine-
matic equilibrium conservation) which generate an
overpressure region downstream of the cavity. The
cloud shedding resulting appears in experimental
photography to be too complex for a clear descrip-
tion of the physic dynamic because of the mul-
tiple little vapor detachments in addition to the
shock/cavity interactions.

(3): The classic re-entrant jet mechanism has been
fully described with experimental data and a side-
entrant jet phenomenon, which implies the devia-
tion of the re-entrant jet due to scale effects, has
been identified as a pure 3D mechanism only visible
on numerical simulations.

(4): Two dynamical features, namely the condensation
shock wave and the combination of re-entrant and
side-entrant jets have been statistically associated,
with a wavelet method, to two shedding frequencies
fw and fs, respectively. The condensation shock
wave frequency f,, (about 10 Hz) is found to be
lower than fs (from 50 to 200 Hz). This result is
coherent with the experimental observations avail-
able in scientific literature and with the description
of the phenomenon.

(5): In the transient cavitation regime, the cavity length
appears to evolute classically as a function of the
pressure and a certain symmetry is observed be-
tween top and bottom cavities. This symmetry is
also obtained regarding the evolution of the shed-
ding frequencies.
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FUTURE DEVELOPMENTS

The study of shock waves induced by cloud collapses
has become a main field of interest in the cavitation inves-
tigations as evidenced by the recent works of Ganesh®,
Tomov et al.'®, Dular and Petkovsek? or Gnanaskan-
dan and Mahesh?:?2, The following of the present
study would consist in the development of the numeri-
cal method and its validation with adapted experimental
investigations focusing mainly on the condensation shock
wave shedding mechanism.
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