SAPIENZA

UNIVERSITA DI ROMA

Nell’anno duemilaquattordici, addi 18 marzo alle ore 1%.02, presso il Salone
Consigtio di di rappresentanza, si é riunito il Consiglio di Amministrazione, convocato con
Amminstazons | nota rettorale prot. n. 0016099 del 13.03.2014, per I'esame e la discussione
degli argomenti iscritti al seguente ordine del giorno:

Seduta del

. OMIS SIS e
18 MAR. 2014
Sono presenti: il rettore, prof. Luigi Frati; il prorettore, prof. Antonello Biagini;
i consiglieri: prof.ssa Antonella Polimeni, prof. Maurizio Barbieri, prof.
Bartolomeo Azzaro, prof. Michel Gras, sig. Domenico \Di Simone, dott.ssa
Angelina Chiaranza, sig. Luca Lucchetti, sig.ra Federica Di Pietro; il direttore
generale, Carlo Musto D’Amore, che assume le funzioni di segretario.

E assente giustificata: dott.ssa Francesca Pasinelli.

Assistono per il Collegio dei Revisori Conti: dott. Démenico Mastroianni,
dott. Massirniliano Atelli (entra alle ore 18.25). i

Il presidente, constatata I'esistenza del numero legale,| dichiara I'adunanza
validamente costituita e apre la seduta.

e OMIS SIS (s

D.sP14

Universita degli Studi di Roma “La Sapienza”

Mod. 1003



SAPIENZA

UNIVERSITA DI ROMA

Consiglio di
Amministrazione

FINANZIAMENTO DELLA COMUNITA’ EUROPEA — GRANT
Seduta del AGREEMENT N. 339446 - PER L’ATTIVAZIONE DI UNA
, PROCEDURA DI RECLUTAMENTO DI UN RICERCATORE A
18 MAR. 2014 | TEMPO DETERMINATO TIPOLOGIA “A” PRESSO IL

: DIPARTIMENTO DI INGEGNERIA MECCANICA E
AEROSPAZIALE

Il Presidente sottopone all'approvazione del Consiglio di
Amministrazione la proposta del Dipartimento di Ingegneria
Meccanica e Aerospaziale per l'attivazione di una procedura per
il reclutamento di un Ricercatore a tempo determinato con
‘regime di impegno a tempo pieno, per la durata di 1tre anni,
eventualmente prorogabili per ulteriore due anni, tipologia A, per
la realizzazione del programma di ricerca dal titolo a*Bubble
nucleation on rough surfaces and cavitation inception’, settore
scientifico-disciplinare ING-IND/06 “Fluidodinamica” - settore
concorsuale 09/A1 “Ingegneria Aeronautica, Aerospbziale e
Navale”. Il progetto & finanziato dalla Comunita Europea Grant
Agreement n. 339446.

Ai sensi del decreto Legislativo n. 49/2012 ed in particolare
dell'art. 5, commi 5 e 6, la proposta & stata inviata al Collegio dei
Revisori dei Conti per il prescritto parere in ordine alla verifica
della sussistenza di garanzie tese ad assicurare un
finanziamento di importo e durata non inferiore a quella del
contratto per il posto di ricercatore di cui all'art. 24, comma 3,
lettera a) della legge 30 dicembre 2010, n. 240.

SAPIENZA UNIVERSITA DI ROMA
Area Risorse Umane .~ . . -

Il Direttore Sl
Dr.ssaiDQniela Cavallo -

st Docente e Collaborazioni Estem‘ @/

§ : Il MIUR infatti, con nota del 5.04.2013 prot. n. 8312, ha posto
g come condizione all’autorizzazione nella procedura PROPER, dei
a | contratti di ricercatore a tempo determinato, il rispetto delle
< * | suddette indicazioni.
E = | In data 10 marzo 2014, il Collegio dei Revisori dei Contliha reso
& 8 T | parere positivo.
g é B | Alla luce di quanto su esposto il Presidente invita a dehbe?are
ST\
S 2%S5 | ALLEGATI PARTE INTEGRANTE:
_E; E?"% § Progetto Grant Agreement n. 339446

89 G
Z8582| ALiecam INVisIONE:

Nota MIUR del 5.04.2013, prot. n. 8312; «
Nota del 10.2.2014 del Dipartimento di Ingegneria Meccanica e

Aerospaziale;
Verbale della seduta del 10.03.2014 del Collegio dei Revisori dei
Conti. '

i - Mod. 1003
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UNIVERSITA DI ROMA

~.OMISSIS......
DELIBERAZIONE N. 59/14

IL CONSIGLIO DI AMMINISTRAZIONE

* Letta la relazione istruttoria;

* Visto lo Statuto dell’Universita;

» Visto il Regolamento per il reclutamento di ncqrcatorl con contratto
a tempo determinato in vigore;

* Visto I’art. 24 della legge n. 240/2010;

* Visto il Decreto Legislativo n. 49/12, in particolrre gli artt. 5 comma

5e7 comma 2;

* Vista la nota MIUR del 5.04.2013, pnot n. 8312;

* Visto il finanziamento della Comunita Europea —~ Grant Agreement n.
339446 al Dipartimento di Ingegneria Meccanica e Aerospaziale —
D.LM.A

* VISTO il verbale della seduta del 10.03.2014 del Collegio dei
Revisori dei Conti;

* Presenti 11, votanti n. 9: con voto unanime espresso nelle forme di
legge dal rettore e dai consiglieri: Polimeni, Barbieri, Azzaro, Gras,
Di Simone, Chiaranza, Lucchetti e Di Pietro

DELIBERA
di approvare il finanziamento della Comunitd Europea ai fini
dell’attivazione di una procedura di reclutamento di un Ricercatore a

tempo determinato, tipologia A, con regime di impegno a tempo pieno per
la durata di tre anni, eventualmente prorogabile per ulteriore due anni,
settore scientifico-disciplinare ING-IND/06 “Fluidodinamica” - settore
concorsuale 09/A1 presso il Dipartimento di Ingegneria Meccanica e
Aerospaziale per lo svolgimento del programma di ricerca dal titolo:
“Bubble nucleation on rough surfaces and cavitation inceptlon”

Letto, approvato seduta stante per la sola parte dispositiva.

IL SEGRETARIO IL PRESIDE
Carlp Musto D’Amore Luigi Fratj

.OMISSIS.......

Universita degli Studi di Roma “La Sapienza”

Rod. 1003
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ERC GRANT AGREEMENT No ib39446 ;
| |
{

|

|
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|

ERC Advanced Grant I|

| |
ifscy"). acting under powers delegated by

The European Research Council Executive Agency (the "Age
|

the European Commission (the "Commission") ]

of the one part, f
|

and UNLVERSITA DEGLI STUDI DI ROMA LA SAPIENZA, established in Piazzale Aldo Moro S,
anical and Aerospace

ROMA, 00185, Taly represented by Giorgio Graziani, Director of Mech
Engineering Department or his authorised representative, (the "beneficiary"), |
|
of the other part I

HAVE AGREED to the following terms and conditions including those in the following annexes, which
form an integral part of this grant agreement (the "grant agreement™). JJ
| |
Annex | - Deseription of Work ;
Annex II - ERC General Conditions - Single Beneficiary |
Annex III - ERC accession forms for new and other benefj’icfaries to the grant agreement.

Annex IV - Financial statement form. |
Annex V - a) ‘Terms of reference for the certificate for the financial stateménts’ and

b) 'Terms of reference for the certificate on thé methodology'
|

|

Article 1 - Scape ;

The European Union ("the Union™), has decided to grant a fihancial contribution for the implementation
of the project as specified in Annex I, called Cavitation across scales: following Bubbles from Inception

to Collapse (BIC) (the "project”) within the framework of the SP2-Ideas and|under the conditions laid
down in this grant agreement. |
]

; |
Article 2 - The principal investigator ; J

}. The “principal investigator" as defined in Annex 1l is Prof, Carlo Massix%\o Casciola, born in Trevi
(PG}, Italy, on 10/01/1962. ; |

2. The beneficiary shall enter into a supplementary agree}nent with the "pivincipai investigaror”. The
provisions of the supplementary agreement, which are not 1:]1 accordance with|this grant agreement, shall

be deemed to be void for the purposes of this grant agreement. |

3 'Together with the signed grant agreement the beneﬁc:‘ar};j shall transmit to the Agency a signed copy of
this supplementary ugreement. | ‘

e v e eendnoan
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Article 3 - Duration and start date of the project | v
| 4
maw 2014 (hereinafier referred 10 as the

|
Article 4 - Reporting periods and language of reports "

The duration of the project shall be 60 months from lst Feb

"start date").

1. The project is divided into scientific reporting periods of the folflowing duration:
s PA: from month 1 to month 30 |

|
+ PB: from month 31 to the last month of the project. |
|

Any scientific report required by this granf agreement shall be in English.

2. The project is divided into financial management reporting pc:fiods of the fotlowing duration:

+ P1: from month 1 to month 18

« P2: from month 19 to month 36
+ P3: trom month 37 to month 54
* P4: from month 55 to the last month of the project. ;

Any financial management report required by this grans agreenéem shall be in English.

Article § - Maximum financial contribution of the Union

|
L. The maximum financial contribution of the Union to the project shall be EUR 2,491,200.00 (rwo
million four hundred and ninety one thousand two hundred EXJR0O). The actual financial contribution of

the Union shall be calculated in accordance with the provision? of this grant agraement.

2. The financial contribution of the Union shall be in the fomi of a grant to the budget as specified in the
table indicating the estimated breakdown of budget included ixﬁ Annex.
|

3. The bank account of the beneficiary to which all payments of the financial contribution of the Union
i |

shall be made is:

Mame of account
AEROSPAZIALE
Name of bank: UNICREDIT SpA - Roma 153

Account reference: [T17P0200805227000400014557

holder: DIPARTIMENTO \";DI INGEGNERTA MECCANICA E

Article 6 - Pre-financing i |J

|

l‘. A pre—fmancing‘ot' EUR 996,480.00 (nine hundred and hinety six thousand four hundred and eighty
EURO) shall be paid to the beneficiary within 30 days ibilo?ving the date of entry into force of this grans

agreement. |

|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
E
!
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2. The beneficiary hereby agrees that the amount of EUR 124,560.00 (one hundred and twenty four
thousand five hundred and sixty EURQ), corresponding to the bengficiary's contribution to the Guarantee
Fund referred to in Article I1.20 and representing 5% of the maximum financial confribution of the Union
referred to in Article 5.1, is transferred in their name by the Agency from the pre-financing into the
Guarantee Fund. However, the beneficiary is deemed to have received the full pre-financing retferred foin
the first indent and will have to justify it in accordance with this grant agreement, ~
|

Article 7 - Special clauses

|

|

The following special clauses apply to this grant agreement: |
|

|

Special clause 6 |

Notwithstanding the provisions of Article 6 the pre-tinancing shall be paid not earlier than 45 days
|

before the stare date of the project. !
|
| |
Special clause 39 ERC | |
In addition to Article 11.30.3, the beneficiary shall de Jchit an clectrognié copy of the published
version or the final manuscript accepted for publication of a scientifid publicatign relating to
foreground published before or after the final report in an institutional or s : ject-based repository at
the moment of publication. | |
The beneficiary is required to make its best effort to enS\ére that this electronic copy becomes freely
and electronically available to anyone through this repositery:
- immediately if the scientific publication is published "open access”,
is also available free of charge via the publisher, or |
- within € months of publication. '

ile. if an electronic version

Special clause 40 ERC !
|

I. {n the case of transfer of the grant agreememt to a nq‘w beneficiary upan request by the principal
investigator and subject to approval by the Agency, the equipment items listed under the
"equipment" budget category in Annex | and identified to be for the exclusive use of the project
shall be transferred by the beneficiary to the new benejei;cim'y

2. The new beneficiary shall reimburse the beneﬁcia}y for the remaining costs of the equipment
which have not been depreciated. These costs as well as any accessgry costs (for dismantling,
transferring an'd installing the equipment) can be deglared by the new beneficiary provided they
fulfill the conditions stipulated in Article I5.14 of the ERC grant agreement .

|

H

Article 8 - Communication ! [

l. Any communication or request concerning the grant ngreement shall identify the gramt agreement
number, the nature and details of the request or comm\fmication and be submitted o the following
addresses: | :
For the Agency: European Commission |
European Research Council Executivq‘ Agency
ERC Executive Agency - C2, COV?2 1
Rue de ja Lot 200 |
B-1049 Brussels, Belgium

|
j
|
|
|
|
f
|
|
f
|
|
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For the beneficiary: Mrs. Giuseppina Angeloni
UNIVERSITA DEGLI STUDI DI ROMA LA SAPIENZA
Depariment of Mechanical and Acrospace Engmeenng
Via Eudossiana 18 |
Rome 00184 | |

ITALY | |

2. Reports and deliverables shall be transmitted to the Agency acco}dmg to Article I1 4.6,

3. For information or documents to be transferred by e-mail, the fdl!owmg addresses shall be u:ied
For the Agency: ERC-C2@ec.europa.cu |

|
For the beneficiary. giuseppina.angeloni@uniromal.it J

4. In case of refusal of the notification or absence of the recnplem{, the beneficiary i decmed to have been
notified on the date of the latest delivery, if notification has been sent to one of thb addresses mentioned

in paragraphs 1 and 3 and to its legal representative. 1

5. Any communication or request relating to the proccssmg of persenal data (Article 11. 13} shall be
submitted, using the address(es) for the Agency identified in paragraphs 1 and 3, to tHe controller
responsible for the processing: Head of Department "Grant Mam?gement"
{
Article 9 - A pplicable law and competent court !
The financial contribution of the Union is a contribution from tfze Union research budget
implement the 7th Research Framework Programme (FP7) it is incumbent| on the 4
Commission to execute FP7. Accordingly, this grant agreement shall be govered by the terms of this
grant agreement, the European Community and European Union acts related to FP7, the Financial
Regulation applicable to the general budget of the Union and its Rules of Applicdtion and other European
Community and European Union law and, on a subsidiary basisﬁ, by the law of Belgium. :

w th the aim to
g}ency and the

Furthermore the beneficiary is aware and agrees that the Cammission may take a deczsion 10 impose
pecuniary obligations, which shall be enforceable in accordapcc with Article 299 of the Treary on the

Functioning of the European Union. |

Notwithstanding the Commission's right to adopt directly recovery decisions referred to m the previous
paragraph, the General Court, or on appeal, the Court of Jusélce of the Europepn Union, tha ! have sole
jurisdiction to hear any dispute between rhe Union and a| beneficiary concerning the! interpretation,
application or validity of this grant agreement and the vahd{ty of the decisio mentwneqi in the second

paragraph.
Article 10 - Application of the grant agreement provisions

Any provision of this part of the grant agreement, shall {ake precedence gver the provisions of the
Annexes and the provisions of Annex {I shall take precedcmé over the provist ;

The special clauses set out in Article 7 shall take precedepce over any other provxswps of this grant
agreement. |


http:precedep.ce
mailto:giuseppina.angeloni@uniromal.it
mailto:ERC-C2@ec.europa.eu
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Article 11 - Entry into force of the grant agreement

the beneficiary and the Agerijcy, on the
!
|

This grant agreement shall enter into force after its signature by

day of the last signature.

Done in two originals in English.

For the beneficiary done at ROMA For the Agency done at Brugsels

Universita degli Studi di Roma La Sapienza
Name of the le al entl .

gal entity Mechtild MAY
Head of Department

Prof, Giorgio Graziani ..o T
E the legal represemanve Name of the legal reprasentative

Stamp of the orgarfig

Signature of legal representatwe Signature of legal represpntative
19 DEC 2013

December 1102013
Date

Date
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Cavitation across scales: following Bubbles from

to Collapse

BIC

Project Duration: 60 months

1]

Cavitation is the formation of \Jaﬁor cavities inside a liquid due to lo

same time, the extreme conditions realized in cavitation are increasi

relevant macroscopic effects, e.g,, cavitation damage. In addition,
turbulence, have a major impact on it.
The objective of the BIC project is to develop the lacking m

physically sound understanding of the multifaceted phenomena inv
growth, transport, and colfapse in turbulent flows) fostered by BIC
designing fluid machinery, but also therapies in ultrasound medi
project builds upon the exceptionally broad experience of the P a
simulations of flows at different scales that include advanced atom
! phenomena, mesoscale models for multiphase flows, and particie
“numerical methodologies (free-energy atomistic simulations, phas

Simulation of bubble-laden flows) will be supported by targetod
; validate models and characterize realistic conditions.

and destructive phenomenon common to most engineering applications that deal with flo

and biology. What makes cavitation unpredictable is its multiscale nature: nucleation
heavily depends on micro- and nanoscale details; mesoscale phenpmena, as bubble cd

proposing new integrated numerical metheds capable to perform quantitative predictions
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Section a: d. S

Project presentation

The BIC {(Cavitation across scales: following Bubbles from Inc
i

y

nucleation of bubbles to their transport and collapse. The success of the BIC project wi

establishing a new, integrated model for cavitation capable of describ

engineers with powerful predictive tools that could revolutionize the
accurately describing cavitation in macroscopic, typically turbulent,
applications of cavitation to medicine, chemistry, and material science
nicro and nanoscale phenomena promoted by the BIC project.

Cavitation has been an issue since the origin of hydranlic turbi
deteriorates and even destroys the blades and induces significant maintenance costs, see F

reduced scale it finds application in a variety of contexts like inject
chemistry, and medicine. The essential notion of cavitation is that,

BIC

ns at
from
side
ry by
pcent
sht in

project ain
es, ranging
pply on ong
id machine
kide, more
rom the insig

eption to Collapse)
g its richness of sc?
fl

i} 8
way of designin,
flows. On the atter
will greatly benefit

nes and maring ?prc-pellers, where it

g. 1and {1}, Ata
fon systems for lquid fueled en%jne&
tvhen pressure isLd ¢reases below the

saturation vapor pressure, vapor filled cavities (bubbles) may form in the liquid [1]. The fiucleated bubbles

grow and are transported by the flow. Pressure variations may also
extreme conditions are reafized leading, e.g., to cavitation damage
picture conceals the three main paints that make cavitation so elusive:

. Cavitatlon inception mechanism: liquids have a rensile
pressures well below the vapor pressure without cavitation
depends on the liguid structure, on thermodynamic condi

presence of solid impurities and stabilized microbubbles that

(cavitation nuclei) of vapor cavities. Cavitation inception,
nucleation mechanisms.

Nuclei and bubble transport: along their trajectories, nuc
determine bubble growth, collapse, and rebound, see Fig. |
therefore, crucial to predict where and how cavitation will
engineering applications further complicate the problem le
entrainment, and wall accumulation {tur bophoresis).
Bubble-flow interactions: bubbles in flows are deformed
break-up. The interaction between bubbles and the fluid
macroscopic effects because of which cavitation is stud
cavitation, sonoluminesce etc. For instance, the extreme
collapse of bubbles near solid walls cause catastrophic destru

2.

conditions realized
ction of materials, see

induce bubble collapse during which
bn marine propeliers. This sim;%liﬁed

|

can witl‘;hstand
highly

istrength, that is; the
to occur. The tensile strength
tions, and, more importantly, an the
act as preferential sites for nucleation
in short, is dictated by microscopic
el experience pressure variatiojﬁs that
A. Knowledge of sgch trajectories is,

accur. Turbulenticanditions typical of
ading to formation of clusters, vortex

e, and
of the
sheet
sropic

by pressure grg&di ts, coalesc
environment arel behind most
ied: cavitation damage, noise,
during anis
Fig. 1B.

Tn summary, in order to be predictive, models of cavitation cannot
microscopic origin in nucleation, involves all the scales of t

Figure I. A} Cavitation on a hydrofail showing bubble nucleation and growth.

pump blades (figures adapted from [1])

gnore its multiscale nature, that has its
rbulence, and leads to macrgscopic

B) Cavitation damage on
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consequences of major importance.

Tmpact of the project on the state-of-the-art :
Given its practical importange and the challenge for fundamental understanding, cavitatis
standing issue for a number of technical and scientific communities, including hyd
(Francis turbines, spillway tunnels of dams), mechanical, aemspace? and marine enging
injection systems, liquid oxygen turbo-pumps, ship propellers), chemical engineering (¢
physics (fundamental understanding of nucleation, bubble chambers for high energy
chemistry (sonolumiscence and sonochemistry), and medicine (1ithzﬁipsy, sonoporation

particle dete
for drug deli

BIC

»n has been
raulic engin
tering (Dies
mvitation

a long,
pering
i fuel
tors),
ption),
very).

The engineering community developed a variety of models based on extensive experirr}ental testing designed

31 for fluid machin
5, like e.g. the devs

for specific applications, see e.g. [2] for marine engineering and
approaches allowed significant advances in the related technologie

cavitating hydrofoils designed to prevent collapse of cavities on the surface of the body. However,

aforementioned contexts, the use of computational fluid dynamics ¢CFD) as a design 1oo
absence of predictive models accounting for nucleation, bubble transport, wrbule
deformation and collapse. The main difficulty 10 overcome is that the microscopic nucl

deep influence on cavitation inception and development, giving rise to a truly multis
consequence of the huge variety of applications where cavitation is crucial, very differen
have been employed, while a comprehensive description of cavitation is still lacking, |

nce effect,

ind of
super-
in the
by the
bubble
5 has a
.As a
caches

ery. Such ‘ﬁ
lopment of

is hindered

tion proces
ale problem
ad-hoe app

From the fundamental point of view, the research focused on the nucleation proges
metastability of the fiquid staie [4]. Significant progresses have bee
theory that correctly reproduces experimental data for pure liquids ¢
engineering applications deal with water close to the triple point. |
experimenmal data scatter becomes substantial suggesting that som :
involved. It should also be stressed that in practice the working liquid contains most of t
amouat of solid impurities and surface-active molecules. This| calls again inw |
heterogeneous nucleation [5,6], a subject which, despite of significant advances, si
improvement before reliable predictions could be made in cngineering environmen
objective of the BIC project is to fosier a new quantitative und
through new simulation techniques, that are sketched in the follow
heterogeneous nucleation will alsa prove instrumental to applicati
material science [7], and medicine [B} where cavitation is induc
environment involving micro-particles as cavitation nuclei.
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3

The main problem for establishing a comprehensive theory of cavilation is related to it
nature that embraces nano and microscales (nucleation), mesoscale aspects {bu

es and the
n achieved in homdggeneous nug
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i this case, even!forl purified w
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deformation) and macroscale phenomena (interaction with flow, turbulence). Objective of the BIC project

ng the different sc
of expertise it invo
however its impact
pus presence of c
lity to the ergin

is developing such a muitiscale deseription of cavitation bridg
process. This objective is highly ambitious for the different kinds
difficulty in matching phenomena occurring at such diverse scales;
scientific communities will be ground-breaking for the ubiquit
technological and scientific contexts. In particular, the availab

O

ezring comm
predictive models and simulation fechniques for cavitation, from nucleation to stress induced

boundaries, will lead to a novel design of turbomachinery, mari
Diesel injection systems, and to the emerging medical snd chem
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ical technologics.
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Methodology

Along the years the PT of the BIC project explored many diverse
effects of turbulence on combustion, particle transport, polymer
superhydraphabic surfaces, capillarity, and protein translocation. Fl

aspects of fluid dyng
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between engineering and mathematics, physics, chemistry, and biolo
been used and brought forward by the P, including Direct Numeri

each event by a
Package (WP),
e boitom panel

y many numerical| techniques | have

Simulation (DNS)lof particle-laden

hydrodynamics (see Sec. & and ¢ for further details and references). The diverse skills acquired mak:

flows, phase-field models for multiphase flows, and advanced molecular dynamics t{ech iques for %ma—
he fundamental

proponent especially suited for tackling the multiscale deseription of cavitation, from

aspects of nucleation to the scales of typicslly tarbulent flows encuuntered in engineer

ons.

| the
ence,
ve of cavitation

will be developcd and validated against ta.rgeted expenments The unpqecedemed pecuhant of the proposed

cavitating flow is illustrated in Fig. 2 to sketeh the structure and objectives of the BIC project.

The BIC project is organized into four work-packages (WP), each deve

but closely interacting with the others. In the following we sketch the methodologies envisaged for eac

and the expected outcomes.

WPI: Nucleati hani ! nucleati

WPt aims at providing theoretical and computational tools for
barriers, nucication mechanisms, and rates given the geometry and

accurately computing free en
| wetting properties jof a nucleus as a

ion to
pical

itation,
wp

ergy

function of thermodynamic conditions (pressure and temperature), Neclei populations: mddels will also be

developed, with the support of WP4, in order to provide a viable input
WP2. In more details, this theoretical/numerical WP will take care of d
the micro and nanoscale mechanisms that are crucial in determining
probably heterogeneous nucleation in crevices {3] is the most impo
presence of asperities in the bounding surface and, more importantly
flow. As sketched in Fig. 2, along their trajectories nuclei exper
{particularly in turbulent conditions) and may act as preferential sit

dramadicaily influencing the cavitation inception limit. The heterogeneous nucieation p
with atomistic and continuum methods coupled with advanced rare events technique
bubble nucication rate in the iiquid, building upon the theory developed for rough hydrog
d of the free-energy
and nanoscale crev,

[PI1}. The approach implies the evaluation of the stability of nucle an
10 be overcome in the nucleation process of bubbles from single micre

6

y cavitation incepti
fant mechanism, f
, in sofid impuritieg advected by the

o the macroscapic
eveloping an advan

ence significant p
s for bubble nucle

ow descrtption of
ed deseription of
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the ubiquitous

ssure varidtions
ion and growth,
dealt
ing the
hobic surfades in
barriers that need
ices as a function
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of the local ligquid pressure. Various degrees of fidelity can be envisagt
rough estimate provided by the restrained continuum mode! developes

sophisticated predictions based on restrained molecular dynamics [P

2] and on transiti
Interaction with the experimental WP4 allows to both validate the m,

dels of nucleatian

the geomctry and chemistry of realistic nuclei. This WP is expected to bring aboul
advancements of the state-of-the-art of heterogeneous nucleation theories by the introd
statistical-mechanics tools able to overcome the weaknesses of classmal theories that are 1

predict the detailed form of the nucleation rate,

WP2: Turbulent transport and bubble dynamics

The main objective of WP2 is to describe the nuclei trajectories in turbulent flots,

dynamics activated by thelr pressure and temperature history, and the mutusl i
flow and bubbles. In particular, the mutual coupling with the macr(icopic flow simy

obtain the trajectories of these putative cavitation nuclei. Once nucleation {s succe
micro~bubbles will be advected using a mixed Eulerian-Lagrangian algorithm like
developed for particle transport in turbulence [PI3]. The micro-bubble descriptar will
characteristic dimension that abeys a Rayleigh-Plesset-like evolution equation [1]. This
in time due to the intrinsic dynamics of the bubble that is forced by th
of the external liquid pressure. It is well known [1] that during its evolution the bub
and mass with the surrounding. These effects call for considering the additional fields
concentration {e.g. the concentration field of dissolved gases) that
affecting the fields (fwo-way coupling). A crucial step in this part of 1|
and accurate algorithms to allow such kind of two-way coupling. Ind
af transported bubbles, it is mandatory to overcome the limiatio
typically work efficiently only for passive behavior of the transported phase (one-way
when the temperature and the concentration fields of dissolved s%:’m;ies are not mpd
exchanges with the interior of the bubble. A valuable by-product of WP2 will be the fie

he project will be d

of accurately describing momentum exchange between migro-bubbles and the liquid'su

bubble-induced drag-reduction).

WE3: Bubble deformation, topological changes, and collapse
WP3 aims at describing the changes in topology eof macros
coalescence, entrainment in vortices, and non-spherical collapse via phas&ﬂc!d
coupled with Navier-Stokes equations. Indeed, under the action pf pressure gradien
visible size and be significantly deformed; in addition, turbulence gauses entrainment
cores and accumulation at walls [PI3]. In such conditions topology rearrzmgemenks
leading to merging of interacting bubbles. The so-called phase-field models will be e
these complex phenomena. In these models, based on a properly defy
equation is devised for a suitable smooth scalar field (phase-field
vapor phase. A typical choice is the density of the fluid in the two (i
vary smoothly between the two extrema corresponding to vapor and
for surface tension and phase changes, e.g., via Van-der-Waalg
penalization [10]. The phase-field couples fo the Navier-Stokes
capillary stress at the interfaces |PIS], and is thercfore compatible with the méthd
approaches are known to work effectively in simple geometrical sc}ings. Here the challs

copic bubbles du

that discriminates
quid-vapor) phases,
liquid. These model
like equation of

to complex geometries with the two-fold purpose of dealing wit complex bodies (
hydrofoils) and of addressing the heterogeneous nucleation on mesoscopic surface
development of new immersed boundary techniques. This apprpach has been ﬁro
concerning the single-phase Navier-Stokes (NS) equation [11]. Significant dzfﬁcu]ues
when the immersed boundary method is applied to the phase-fleld equation 1o bel
innovative numerical formulations. An entirely new approach will be developed 1to
between newly nucleated, sub-grid, bubbles (described by the pojnt-wise, Rayleigh-H
WP2) and mature, grid-resolved ones (ackled by the phase-field method). Another chal

7

>4 for the nucieation
d in our group [Pl

| changes
e variation along the bubble trajectory
bie may exchan

eed, given the potentially large
ns of the available| techniques [which

ned free-energy fundtional, an ey

equation via adveqiion and (d

allow the s
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BIC
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on state theory [9].
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describing nan-spherical bubble collapse at solid walls that is accompanied by liquid

waves at the origin of material damage [12], A new compressible formulation of phase-field

equations will be introduced in order to describe such extreme phenomexfxa.

WP4: Experi ! characierizati ! validati

This experimental WP is devoted fo provide realistic inputs to the theoreﬁcavnumeL:c
the models deve

characterization of realistic conditions of cavitation and to validate
arch Cenfer for

BIC project. Relying on the facilities available at the Sapienza Re
Applied to Engineering {CNIS) micro and nanocharacterization and fabrication are 2
particular, Scanning Electron Microscopy (SEM) characterization of solid impurities as

Iready possible.
filfered from water

BIC

jetting and shack-

models and/NS

1 WPs throhgh
oped along| the
otechnologies
in

will be pursued by measuring the nucleation pressure on crevices of congrolled geometry

cay
rea)
il

itation inception
ized by Facused

will provide WP1 with realistic models for solid nuclei. Inspired by [lB%experiments an

{on Beam (FIB) etching. These experiments will help validating the models of n
mechanism developed by WP1. A new experimental setup will also be acquired for

macroscopic transport and growth of bubbles (WP2). ln the findl phase of the

charpcterizing n
populations in water {14], that is a crucial step for bridging the description of nucleation (WP1) an
project high-s

ation rates |and
pclei
the
eed

photography will be considered for imaging coalescence and collapse of bubbles, as a sy

Project outline
The fina! objective of BIC project will be achieved if WP1, WP2, and WP3 will not only
results in their own fields, but also supply an integrated description df cavitation. In ¢
objective, common milestones are envisaged, allowing to exchange idej

the different numerical techniques On top of this organization sche

partto WP3.

prpduce ir\nothive
rder to achieve this
, intermediate results, and to bridge
e, the role of WP4 is design

support this comprehensive view of cavitation, by feeding the othér WPs with exper

insights.

resources will be employed for hiring and forming new researchers
important experimental section is also envisaged in order to support the praj
approximately 20% of the project resources will be devoted 10 acquiting compuamanal
equipment, which will complement that already available at CNIS center. The remaini
dedicated to disseminating the project results through peer-reviewed t‘
international conferences, workshops, and research visits to other institutions. !

The approach of the project will be chiefly theoretical and numeni:jl and for this re;iscm around 65 of

journals publications,

imental data and

ith diverse backgrounds. However an

For this rgason
resources and new
budget will be
participation 10

The BIC project will build upon the experience of the research group with multiple nurherical techniques

-more specifically rare evems methods (WP1), particle-laden flows
microscopic origin and startling macroscopic consequences. In short BIC project WOUId
for a truly interdisciplinary and multifaceted scientific effort.

Selected references
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[2] A, Acosta, B. Parkin, 1. Ship Res. 19, 1975, 193-203.
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order to promote a comprehensive understanding of a phenomenon, cavitation, that }
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as an irredycibly
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[10] T. Biben and L. Joly. Phys. Rev. Lett, 100, 2008, 186103, |
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Section b'_quﬂguLumxit_as

Carlo Massimo Casciola lcads a research group working on the ﬂutd dynamies of complex ﬂqws based at
the Mechanical and Aerospace Department of Sapfenza University of Rome. The group consists of thr‘?e
permanent members among associate and assistant professors, and presemly includes twoipostdocs anf six

Ph} students. The modus operandi of the group is chiefly theoretical and numerical, ariented to fund
and numericat modeling, This approach brought the group members to collaborate witl se entists belo

to several neighbouring disciplines, such as physics, material sctence, chemistry, and biojogy. The is_ uing
multidisciplinary and multiscale expertise has already proved successful in dealmg wth such diyerse
problems as Combustion, Drag reduction, Panticie Transport, Multiphase Flows, and interfacial Phenofena

coupling macroscopic flows with a micro-structure. In particular, the group has given| contributions in

like wetting and liquid slippage. Major achievements of the rescarch group under my ;Fuic ance conce

particle-laden turbulent flows, polymer-laden and multiphase flows. Using Direct Nu
{DNS), significant insight has been provided for characterizing turbulent kinetic ege

fluxes in| wall

bounded flows, where certain peculiar effects of reverse energy cascade assocmtcd wi&h‘th coherent voptical

More recently the interest enlarged to the nanoscale, and concentrated in the smdy of fluid motion and

protein translocation in nanopores through various kind of Molecular Dynamics (MD) si
advanced MD simulation and free-energy methods have been applied to address the stabili
on rough, hydrophobic surfaces. The original results achieved in this| field encouraged ug in extendin
kind of approaches from the nano to the micro scale (thermodynamics and phase field methods).

Major research topics and contributions as senior author:

natly

of vapor puclei

g this

~  Particle-laden turbulent flows (~20 papers among journals and conference progeedings; 2008- ):

Turbophoresis in wall flows (numerical, theoretical); Anomalous transport injcold jets (numg

theoretical); Dynamics of inertial particles in reactive flows [numerical, experimental, theorep

Clustering in homogeneous and inhomageneous flows (numerical, theoretical)
—  Combustion {~10 papers among journals and conference procx}edings 5 2008-):

Fracial behaviour of premixed flames (numerical, experimgntal, theoretical); Fractal-based
modelling of premixed flames (numerical, theoretical); Counter-gradient diff
flames (experimental, theoretical)

- Micro-Nanofluidics (~15 papers among journals and confergnges; 2005- ):

Molecular Dynamics for fluid-flows through nano-pores (numerical, theoretical); P

rical,
ical);

LES

sion in premixed

rotein

translocations through nanco-pores (numerical, theoreticaly, Water :hppage: gver hydro-phobic

surfaces (numerical, experimental, technological)
~  Multiphase flows and phase change (~ 6 papers among journals and conf‘erenq&s PG10-):
Phase-field methods (theoretical, numerical); Atomistic simulations and frée-gnergy meth
wetting processes (theoretical, numerical) .

Other research topics:
—~  Visco-elastic turbulence {~40 papers among journals and conferences; 1997-):

ds of

Numerical modelling of drag-reducing polymer solutions {numerical, theopetipal); Dynanmics of

long-chain polymers in turbulent fields (numerical, theoretical); Drag-reduction by pol
additives (numerical; theoretical) .
—  Scaling laws in nrbulence (~40 papers among journals and conferences; {9%6-):

meric

Intermittency in shear dominated flows (numerical, experimental, theoretical); Scale-Energy|fluxes

in wall turbulence (numerical, experimental, theoretical), Universality in free turbulen
{numerical, theoretical)
- Aerodynamics (~30 papers among journals and canferences; 1989-1998): |
Integral representation for vortical flows (theoretical, numerical). Aerodynamich of complex
systems (theoretical. numerical)
~  Free-surface waves (~10 papers among journals and conferences; 1989-1992)!
Numerical modelling and dynamics of non-linear water waves (theoretical, nq:me'ical)

10

t jets

wing
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Carlo Massimo Casciola, born 10 January 1962

BIC

Awuthor Citation Profile: available on Google Scholar ; 734 citation, H-index 15, Number pf international

peer reviewed journal publications 61 {12 ). Fluid Mech., {2 Phys, Fluids, 3 Phys. Rev. Lejt.).
Present position: Full Professor of Fluid Mechanics, Department of Mechanical and Acros

Sapienza, ltaly
Previous Positions:

—~  Associate Professor at Dept. of Mechanics and Aeronautics, Sapienza (2000-2007)
—~  Research Assistant at Dept. of Mechanics and Aeronautics, Sagienza (1992-2009)

—  Visiting professor of Gas-dynamics at Universita degli Studi d
—~ Researcher at INSEAN, Italian Ship Hydrodynamics Research
Appointments:

Perugia (1990-1992)
Centre (1986-1992)

~  Coordinator of the PhD Program in Theoretical and Applied M
- Director of the Master Degree in Nanotechnology Engineering

~  Member of the EuroMech Turbulence Conference Steering Committee {2010-)
-~ Member of ONIS (Sapienza Industrial Nanotechnology Center) Directory Board

— Director of the CECAM Sapienza node (2012-)

- Editor of the journals Flow Turbulence & Combustion; Acta Mechanica; Meccanich

Funding 1D:

echanics, Sapisnza
Sapienza (2008-

S

2007-}

pace Engineering,

- Sapienza Equipment Grant 2012: “Shuttle and Find Conclatién Microscopy System for CNIS|SEM

and Fluorescence Microscope” (simultaneous acquisition at nano and microscal
There is and there will be no funding overlap with the ERC Grant requested and any oth

{or the same activities and costs that are foreseen in this project.
Completed projects:

e for bioapplications)
er source of fupding

- DEISA Extreme Computing Initiative {DECI-6) Grant winner Particles in Boundary Layers in

collaboration with KTH Mechanics and TU/e Eindhoven (2010-2011).
, High Reynolds n

—~ PRIN 2008 (2-years Rescarch Projects of National Interest

turbulence, P1 coordinating the activity of 4 different researchjunits, Euro 150.000

-~ PRIN 2005 (2-years Research Projects of National Interest), Large scale structur

turhulence, P1 coordinating the activity of 4 different researchunits, Euro 130.000
~ Sapienza research program 2010 (1-year projecy): Two-phase flows jor propulsipn,
Turbplence transpor

~ Sapienza research program 2007 (2-year project):
evaporation of droplet systems, P1, Euro 80.000,

Research group outline: Fluid mechanics, Combustion and Midro/Nano Fluidic

Mechanical and Aerospace Eng. Dep.; 12 members among permanen
external associates,
International coliabarations: 1. Procaccia, V. L'vov (Weizmann In
Brandt, P. Schiatter (KTH); B. Eckhardt (Philipps-Marburg Uni); L
(Minnesowa Uni.); L.
Eindhoven); 8. Meloni (UC Dublin).
Teaching:

- Micro/nano fluidics (Master Degree in Nanatechnology Engincering)
-~ Combustion and Turbulence (Master Degree in Mechanical Epgineering)
- Vehicle Aerodynamics (Master Degree in Mechanical Enginegring)

- Bio-fluid dynamics (Master Degree in Biotechnology)
Inspiring younger researchers:

—  Supervisor of more 20 PhD students and more than!00 gradunte students.

- Among former (PhD or graduate) students:
= 1 full professor in Sweden
« 2 assaciate professors in ltaly

+ 4 researchers in higher education institutions and rescarch centres abrdad

1

farusic (Melbourne §
Bocquet (Lyon Unij K. Hanjalic (TU-Delft); 1. Karlin (Ef’I“H

ber wall-bound
in wall-bolnded

Py, Euro 100.000.
| dondensation, and

is group at Sapienza

staff, post-docs and| PhD students and

.y, . Hemninggon

|

1
i

E. Alfredsspn, L.
Unt); E. Lorf
. F. Tosch

gmire
{TU

\g
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Achievements:
Promoter and organizer of the Master Degree Nanotechnology Engineerin

about 10 Post-Docs in lialy and Europe (presently)
+ about 10 PhD students in ltaly and Europe (presently)

BIC

5 4t La Sapiepza

University, first initiative of this kind nationwide. The program started 2008 and|is gharacterized by

strong interdisciplinariety among different disciplines, Physics, Chemistry, Electeonics

Mechanics and involves five different departments of Sapienza.

Promoter of Sapienza Industrial Nanotechnology Centre | and Sapienza
Nanotechnology Lab.

12

Ngnoscience

and

and
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Section ¢: 10- track-

Bibliometry:

S-year author H-index (self-citations excluded): Scopus 8§

10-year author overall H-index (self-citations excluded): Scopus 10

H-index of 1{ publications as senior author: Google Scholar §,
Total number of citations: Google 550, Scopus 362 (excluding

14 publications of P1 as seoior author:

9

M

10

Tnvited presentations and lecture series:

iol

72, Scopus 54)
D i “asci 'v v V

¢ flox ?
E..ﬁl(.i)..@iﬁlz...ml..(c
iol

for sh 1 1. Fluid 476, 105-1
Scopus 21}

Scopus 4
self-citations )

BIC

bugvme r_&_ﬁ!!ﬂr_ﬁﬁ{&

(Citattons! Google Scholar

03. (Citations; Google Scholar 29,

Procaccia, 1, Tiberkevich, V. Drag

De Angelis, E,, Casciola, CM., Lvov, V.8, Pomyaloy, A...
reduction by g linear viscosity profile. Phys. Rev, E, 70 (8) 055301, 2004 {Citarions: Gpogle

Scholar 23, Scopus 20)
Casciola, CM and Gualtieri. P. and Jacob, B { Piva. R

; Rev, L
Scopus 11}

ifer.

remixed CH4:

Jacob, B., Biferale, L., fuso, G, Casciola, CM,. dnisorropic Auctuations in 1
Phys, Fluids, 18, 4135, 2004, (Citations: Google Scholar 18, Scopus 10)

WMMMMM;M&KWSPWQW

2005, (Citations

in_the production.

Gpogle Scholar 11,

bulent shear flows,

ent| transport in.ihe.

1}_6_1._(1(3&_9_&_2_%2. (Citations. Google Scholar 9, Scopus

E.Pi G, Sardina. C.M., Casciola. Sparial devel .
Phys. Fluids, 21 1, 1-15, 2009, (Citations: Gaogle Scholar 6 Scopus 4) 1

EQ] EE :t!; } ‘E?r.’:u .: E“E
ihi W, i - (Citations. Google Scholar 5. Scdpus 4}

Invited lecturce series: Workshop/Autumn school on “Structures of the mechanics
bodies”, C.M. Casciola, 4 lectures on The structure of turbulence in Newtoniun and viscoelastic

PIVIOH-LIE Camblstion and F‘flame.
byl I

ple Scholar 1)

ot complex

flows: polvmers and drag reduction, Scuocla Normale Superiore/Eanio De Giongi Research Center

for Mathematics , Pisa Italy, 2007.

Invited twtorial: C.M. Casciola, Scule~Energy Budgel in fnhomogeneous Flow, FT)

Portugal, 2007.

Cargése Summer School on Anisotrapic Turbulence: C.M. Casciola, 2 lectures on

13

11 Porto,

Energy fluxes in
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International conference organization:

Awards:

anisotropic turbulence and Parsicle clustering in turbident jet fl
de Cargése, Cotsica, France, 2011,

Short course: C.M. Casciola, Advanced course on turbulent wal,
Graduate School KTH Mechanics, Royal Institute of Technolog

Short course: C.M. Casciola, Numerical simulation of wall boun

equilibrium systems: Turbulence in fluids and plasmas, School
2004,

Member of the sieering committee of the European Turbulence Conference {(2010-)

Organization of forthcoming ETC14 Conferences (Lyon 2013)
Organizer of Turbulence, Hear and Mass Teansfer (THMT) 12
Organization of ETC13 Conferences (Warsaw 2011)
Organizer of mini-symposium on Multiphase Flows at the AIM
Co-Organizer of AIMETA 2009 Conference, Ancona, ltaly
Co-Organizer of iT Conference 2008 in Bertinoro, ltaly

Sapienza Excelience Research Award 2010: Turbulence in particle {uden flows

BIC

smes, Institut d"Fpudgs Scientifiques
¢ |
bounded flows, Lingé Flow Cenire
y Stockholm, Swveden, 2008

ded turbulent flows,Non
n Matter Physics, Tdrino, ltaly,

Palermo 2012).

ETA 2011 Conferenge
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ERC Advanced Grant 201% |

| i

Part B2: The Project proposal |

Section a. State-of-the-art and objectives | |
Project BIC takes up the long standing challenge of a providing a pmltiscale des¢ ‘ptiLn of caviwkion,
from the nucleation ta the collapse of developed bubbles. The variety of scales and phepomena invjn]ved
requires a  highly inter-disciplinary approach. Although the objective is an :engigeering one, the

understanding of cavitation calls for a more fundamental knowledge of the physics and

The key-point of the project is the development of robust and rigorous simulatl\%cito(
Pncvalive tooly w]w'll

multiplicity of scales and physics, In the course of this endeavor, i
three main fields, corresponding to three of the four work-
packages (WP) that compose the project

|

1} Nucleation mechanisms and nucleation rate (WP1), Rewilrd
2) Turbulent transport and bubble dynamics (WPZ), |

3) Bubhle deformation, topological
collapse (WP3),

In the following, the state-of-the-art of these fields is
reviewed 1o illustrate how the project will impact them. We
also sketch the scientific background upon which the
experimental section of the project (WP4} will build. The
project is expected to push forward the state-of-the-art in all
the three fields. However the truly ground-breaking
objective of the BIC project is incorporating all these
innovations into a comprehensive multiscale description
of cavitation. This objective is both the most challenging
and rewarding one, sce Fig. 1.

changes, and

11 Ny

it is always an arduous task 1o predict cavitation occurrence.
This unpredictability is accenmuated for water near the
critical point (the case of most engineering applications) |
where the cavitation pressure p. is significantly above the homogeneous cavitation
This timit is dictated by the competition of surface and vaolume free energies in the fomy
water, of spherical vapor cavities, In practical engineering situations, e.g. in degignin
cither the cavitation pressure will be assumed 1o be the vapor pressure p=p. (an sxce
estimate) or it will be brutally underestimated by the homogenegus nucleation limit
assuming homogeneous nucleation results in cavitation inceptien at pressures 'we
conditions, €.g., inr a catastrophic overestimation of the limiting speed for cavitation
number), |

r
objectives of BIC

i

|

J {
To explain the departure from homiogeneous nucleation theory, it 151 generaily accepted
in any liquid as cavitation nuclei [2}. The cavitation nuciei, as a cata
necessary for a new bubble 10 nucleate, significantly increasing the cavitation presspre
of dissolved gas in the liquid may further increase p.. Nuclei survive to diffusion in th
are stabilized by a skin of surface-active malecules [3] (this model is called the
madel), by trapping within ¢revices present on surfaces and small particles (the sg-call
o by a combination of the two mechanisms [5]. These theories arr; the only means, of

Figupe 1: Some of| tHe most important

:Iroj
hypothetical Risk-Reveard

{see

lyst, lower th

chemistry invglved.
Is to handle this

be developed, in

isk

pct, Grderec‘f in a
| scale.

imit {1], sep Fig. 2.
tation, in bulk liguid
p marine propellers,
edingly can?ervativc

see Fig. 2. Indeed,
| above thi‘f design
inset The cavitation

hat bu.bt»les‘J preexist
e free energy barrier
see Fig. 2. |Presence
e liquid bec;t;xse they
sariable permeability
ed crevice ﬂodee’ (4%,
ce some details about

the nuclei are known, to predict the cavitation pressure (or, analagpus]y, the cavimtion
inset The cavilation numbery. Far this reason, understanding the mechanisms ‘of n

nception number, se¢
clei stabilization and

it
predicting their evolution is becoming more and more important for engineering, inf vigw of impmi‘:d design

aided by CFD), e.g., in marine and hydraulics applications [6].

|

|
|
|
|
|
|
|
|
|

|
|
|
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The limitations of the current nucleation .

theories, in particular the crevice model, are due T T e Cj

to strong metastabilities encountered in SN sk Y :
bubble nucleation from rough surfaces (itis . N B AR i
actually a rare event as demonstrated in [7] for § °f ‘e

the wetting of superhydrophobic surfaces). & e J
Sophisticate simulation techniques are needed 3 *'%° | ‘ 3

to cope with such metastabilities in order to & = :
predict effective nucleation mechanisms and -150 | ’ 1
rates. In this direction, we recently proposed ¢ | }
simulation methads based on free energy 200 e 200 o m
molecular i i

and on adfil::l::l]fi! cf}lrlltli:))u:fnchn:;}sl:sain[e‘g Figure 2: Experimental :-:::;:;: :f;-ww'e p: (symbols)
thermodynamic integration (CRTT) method homogeneous mfcx’eajioﬁ theory (dotied like), andliqufd:

[8] that could prove breakthrough-tools in
developlng rigorous thearies for cavitation
nuclei, see Sec. b,

vapor coexistence pn
water Triple and crit
C, respectively. Adapy

essure {dash-dot
tical points are indi

ed from 1]

ted)

line} for pure
rated as T dnd

The cavitaﬁ;u number

in many situations the order of magnitude of the pressure minima occy;
estimated before hand. This typically happens for external flows, such
body like a hydrofoil. In this case, outside the boundary layer close to
Bemoulli equation from elementary fluid mechanics provides a link bety

] 1
P"'Ep;‘“1=4"o+“2‘ prg

where the subscript zero denotes free stream conditions away from the

3

{p— )

fpfﬂg}
For external flows with thin attached boundary layers the C, distril
controlled by the body geometry (potential aeradynamics). More specifi
is irrotational, the velocity u s the gradient of the scalar potential s

'V2¢=0 . In this conditions classical thearems on eiliptic partial
pressure extrema (in particular the minimum value of pressure coefficie
achieved at the boundary of the domain, implying that cavitation ince
expected o oceur right at the solid boundary. The cavitation number o

C,=2

P

estimates “how far” cavitation is from the free-siream conditions. When
that cavitation inception happens right at the pressure minimum. Fron
, ohtain an estimation of the critical free stream speed above which ¢
However nucleation theory shows that this condition is almost always

flow is seeded with cavitation nuclei. Actually, typically cavitation occurs at much larger pregsures than
expected on the sole basis of the equilibrium vapour pressure of the pure| liquid, see Figure 2,
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a2} Turbulent transport and bubble dvnamics

The nuclei advected with the flow experience pressure variations enh

present in most engineering applications. These variations cause the nucjei to grow into buby
size, to collapse, and rebound {9]. Whereas in the early phase of growth the bubbles m
spherical, anisotropies in the flow (due, e.g.. to salid walls) cause the bubbles to deform.

complex mechanism of cavitation damage may be ascribed {o the dr

spherical bubble an walls [10], see the next paragraph on WP3 background. In the cof
review the state-of-the-art of simulations of bubble-laden flows in the @
when the bubble dynamics obeys a version of the Rayleigh-Plesset (R-P) ¢
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~ The Rayleigh-Plesset cquation o
I

The Rayleigh-Plesset equation,

| RR+2(Rp=Lip-p 29 4 R
| RR+Z(R) o (PP duzl
describes the evolution of the radius of a spherical bubble
immersed in a liquid. 1t eules the evolution for the bubble radius &
and it is obtaired by integrating the Navier-Stokes equations for
the liquid motion outside the bubble resulting from the (still
unknown) variation of the bubble radius, The driving force is the
difference between the pressure far away from the bubble and the
pressure at the liquid/bubble interface. The later depends on the
pressure  p,  inside the bubble and on the surface tension o at
the liquid-vapour intwerface, via the bubble curvature radius R.
When the external pressure P~ changes with respect to the
equilibrium condition stated by the Young-Laplace equation,
pd—~p=—20/R .the bubble radius is forced to change,
expanding or contracting depending on the sign of the actual
pressure difference  p - pl . The liquid viscosity tends to
dump e consequent motion, The bubble dynamics is strongly
influenced by inertial effects which are responsible for the strongly
non-linear character of the equation implied by the quadratic term
in the time derivative of the bubble radius. The phenomenological
consequences of this non-linearity is the existence of a critical
radius R, above which the bubble becomes unstable. Depending
on external conditions the bubble either expands (cavitation
rcaching visually detectable levels) or explosively contracts
{bubble coilapse).

|

approaches, a description of the cavitating flows is here envisaged W
(DNS}, able to reproduce the detailed turbulent dynamics, is coupled wi
bubbles, along the line of [16]. This approach has been already applie
solid particles {17] and extended in [18] to include the back-reaction of
fluid. The Lagrangian description of smal} bubbles relies on the idea that
a substantially uniform flow velocity when it is smaller than the relevant
a turbulent flow such minimal length is the the so-called Kolmogorov
bubbles are subject to the fluid forcing described in [16], see the ing
bubble responds to the pressure in the fluid, an effect of paramoun
coherent vortical structures with low pressure cares of different scales d
strongly sensitive to this peculiar pressure distribution since: i) the
cores may activate new cavitation nuclei while making the existing bub
towards the low pressure regions by the pressure gradients increasing

Without discussing here bubble topological changes, treated in the nex

strong coupling exists berween turbulent flow, Maxey-Riley dynamics,
for the bubble radius. The scenario becomes even more emangled w
environment, as it happens when:

1

. (see also [13]
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Stokes (RAN$) 14]. Alternative
to Lagrangian approaches,
solvers have jalsp been co
with the vapor mixture
equation solved lon an Eul
grid, see eg. [15] where
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a) The bubble volume fraction increases cnough to make t

cavitation bubbles and liquid ablc (o alter the liquid dynamics.

b} The bubble dynamies couples to thermo-kinetie effects such as heat trang
fostered by temperature changes due to, e.g., compression work on the bubbles an

i i ive effec e liquid i - ling
The bubble population has in general active eff&,us‘on the liquid in the two-way coup
to the one-way coupling regime where the liquid is unperturbed). _Due o the back-rcacfr
the Stokes drag, the fluid velocity is altered by the bubble, changing the nearby convec
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fluid-mediated interactions are important for bubble swarms, speci
these crucial effects are beyond the reach of present state of the ant
description of bubble-flow interactions of the BIC project is expected to
bubble growth, bubble clustering and their eventual collapse in turbulent

3) Bubble def . logical ct /ol
After bubbles grow to sufficiently Jarge size, flow anisotropy indu
eventually the bubble can break-up into smaller fragments. The
observed as merging of bubbles occurs, due to bubble-bubble collisic

expected for large bubbles, but also small bubbles may merge due to
Maxey-Riley equation) that cause preferential concentration (clusterin

induced by turbulence inhomogeneity, see [22], [23] for the refated
bubbles). Hence, spatial segregation and clustering concur in increast

these effects call for innovative approaches able to tackle extreme deformationy

changes of the bubbles while resolving the turbulent dynamics. ‘

When the bubble enters a region of pressure exceeding the equilibrium pressure, it §

eventually collapse. This. is an jnertia-dominated process; once s

: ) [21] inside v
inhomogeneities due to solid walls also contribute to strong bubble segregation via turbo

fically for bubble ¢

simulations. The
shed new light o
flows,

n

ces significant d
opposite event ji
ms [20]. These

e of solid part
g the coalescen

t

y

problem may be treated with the Rayleigh-Plesset equation, the actual collapse phase is|m

T liquid converg
shrinking bubble and a catastrophic chain of events is originated. Although the spherically symmeaﬁric
complicated

BIC

palescence, All
cutting-cdge
uclei transport,

rmations, q“nd
Iso frequently
riy
The
oW
0Tt
for
All
cal

to
the

f11; 25] since during sudden shrinking the spherical shape is easily destabilized, Any external influence that
breaks the radial symmetry of the fiquid inrush ends up with strong anisotropy of the coliapsing bubble.|In
practice the most relevant case is a solid wall that promotes symmetry breaking of the bubble roliapse.

|
Anisotropic collapse has been extensively treated in the literature [10; 26-28]. The numeri¢al solution jof
the simplest model problem [29], based on the irrotational flow assumption, confirms| the experimental
finding {30] that bubble collapse near solid walls is associated with intense micro-jets impinging the wall.
ﬁ:ﬁ;Maxey-Rﬂey equation | T {
i The equation derived by Maxey and Riley [16], E }
- dv, 3 Du o didt(v,~u) 2
o omo—L=m 26 Rulv, ~u)-6w Ry | ——E—=dT+O(R’
! 27 Iy u{v,—u) p‘gnp}’p(!—'r)”? (R%) ,
, describes the advection of 2 small spherical particle with velocity v ,{r) by the liquid velocity field

u(x.t) . The particle is assumed to be much smaller of the scale over which signi
ifo
ord
as4
504
the ¢
of jgaseous. Th
n and describes the
Euler equations of n
for the sake of coneiseness,

variation of liquid velocity oceur. Corrections associated to the iiqm’d
shown explicitly and are clumped in the last term where they are ind
terms. The effective mass of the particle is  m,=m,+1/2m, wher
would correspond to the particle volume. The effective bubble mass is
mass of the liquid. In the case of a vapour bubble its intrinsic mass is
equals the added mass, i.e. half the mass the particle would have, were
first term on the right-hand side is proportional to the fluid acceleratig
the bubble under a pressure gradient in the liquid. as follows from the
l liquid that are reported here instead of the full Navier-Stokes equations

D“:"Vﬂ .

Dt ;

The second term on the right-hand side is the Stokes drag, descrihing
experiences in the relative motion with the surrounding liquid. Due to
is dragged aleng with the liquid flow. The bubble accommodates th
relaxation time T,=m/6mRp , expressed in dimensionless

St=71,/ T, . ratio of bubble relaxation lime to a characteristic flui
may also be important for cavitation. This Basset force accounts for a
motion by the vorticity that the particle sheds in its wake. Although th
and tiquid is small, sa that the wake is weak, this icrm may have signif]
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The level-set method is a computational technique used to advect spatia)

| domains with the flow velocity & . In the present case the relevant

domain is the gas bubble B , and its indicator function

_[tifxeB
| lx.1) .,o:'fxez;]

’ evolves according to the transport equation

o
—+uVe=0
l ot A
_ The numerical tools used to solve the equation are taken from the
| machinery of solvers for hyperbolic equations based on shock-capturing
schemes (as opposed to the more traditional shock fitting methods), able

i to track the discontinuities {either contact or shock discontinuities) of

solutions of hyperbolic systems of conservation laws. The interest is here
I on the compressible Euler system,

| 2—5’+ V(puj=0 s |
 dlpu) iy

j T+V'(puu+p1)=0 ! |
i aiap,c‘)+V-[pu(e+p)]=0 : \ ' i
l _._a[pg,(¢J]+V~[puf(¢J]=0 -.i-'mrj-""ﬂ""‘* ] ,

involving fluid density, velocity and internal energy, respectively. In the
r last equation f () is any function that takes two different coristant

values inside and outside the bubble, respectively, Under the assumption

] of negligible viscosity and surface tension the evolution of a gas-filled

bubble has been recently simulated by numerically solving the above °

system [28], see the figure. The systern is completed with a suitable

A(d) such thar the perfect gas and a Tait-like equation of state for
(compressible) liquid water are recovered inside and outside the bu{ble,

respectively. In Eulerian based computational methods the solution is
smoothed over a few grid nodes. Suitable schemes, e.g., essentially lnon-
oscillatory (ENO) or weighted essentially non oscillatory (WENO)

here into the numerical details, see e.g. [33), in view of the BIC project it

’ is worth stressing that such an approach, though capable of dealing with |

! extreme bubble deformations and related shock dynamics, can hardly
| cope with topological changes of the bubble.

rime, ~haracterizgtion and valj

The experimemal reality of cavitation has oftcn defied the predictivepower of availa
reason, WP4 will support (with validation experiments) and guide (wijth characterizar
other three theoretical/numerical units. In particular three main objectivies are envisaged:
of real nuclei and validation of nucleation models; ii} characterization of nuclei
coalescence and collapse of bubbles, In the following we briefly review the available t

these objectives.

As already mentioned, nuclei are decisive in determining cavitation inception. For this
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has been characterized by Scanning Electron Microscopy (SEM) after filtration [34] and theit observation in
water has been pursued with a varicty of methods [35]. On the one hand SEM allows for a precise geometric

characterization of solid impurities once isolated from the liquid (this input will be used by WP1). On

other hand, characterization of the nuclei populations within the working fluid is centrg] for bridging

the output of WP1 with WP2. These latter experimental methods nclude a Venturi-based cavitar

susceplibiity meter [36], acoustic methods [37), phase-doppler techniques {38], liéht scattering and
holography [39]. Nuclei populations may also be directly measured in the vicinity of the cavitating bady

f401 (e.g. a headform or a marine propeller).

The dynamics of bubble nucleation and growth from hydrophobic micropatterned crevices has been stud
in {41] by imaging nucleation events induced therein by a pressure pulse. These experiments have bq
extended to nanopits fabricated with the aid of Focused fon Beam (FIB) }etéhing [42]. Targeted experime
similar ta [41; 42] will be crucial in validating the heterogeneous nucleation models developad by WP1.

The recent development of high speed photography and microscopy allowed to capture the enjission of water

he

fon

ed
en
nts

jets [30] and shock-waves [31] from a bubble collapsing near a sofid wall. Similar techiques could be ugcd

to validate the results of WP3, in particular, bubble coalescence and callapse.

i

5) Objectives &

The BIC project ambitious objective is to develop multiscale models and simulation echniques t;‘or
cavitation, capable of predicting nucleation rates as well as bubble dynamics, deformation, and

collapse in realistic flow conditions. From the picture provided in the previous para|

hs|emerges that a

thorough description of cavitation must embrace a multiplicity of scales and phenomeny, th be addresded

with an equally multifarious assortment of tools. The development and integration of such tdols is the m
objective of the BIC project. The broad expertise in simulation techniques, rangin m advang
molecular dynamics to particle-laden turbulence, makes the PI es#;ecially suited
reward for this ambitious objective would be the availability to the engineering communi
madels for cavitation, ranging from nucleation to the stress induced on s;blid boundaries. In
the BIC project would have a ground-breaking impact in the design of turbomachinery, n
hydrautic struetures by supplying the models for realistically simulating cavitating flows
addition to these more traditional applications, another engineering field where accurat

prediction

cavitation inceprion may have far-reaching consequences is the design of Diesel injector nozzles [43; 44].

An indirect, but not less important, impact of the BIC project will be on ultrasound medicisje, that explg

ain
ed

55,
rs,

. In

of

bits

acoustic cavitation for noninvasive therapies (e.g. High Intensity Focused Ultrasound -}{IF - therapy)

nd

cffective drug delivery {45-47]. As an example, HIFU therapy is emerging in the ablation pf solid tumprs
[46], as the micro-bubble coilapse induced in tissues by ultrasounds is capable of heating gnd destroying the

tumorous cells in-sifu without the need of surgery; accurate models for the nucleation process may su

St

safer, more selective and efficient ways to induce and control cavitation in HIFU therapy. The extreme

temperatures and pressures realized in collapsing bubbles, of the order of thousands of Kelvins 4
atmospheres [48], are aiso cxploited in sonochemistry [49] (e.g. for ultrasound synthesis of nanomater!

nd
als

[50; 517) and in the realization of chemical reactars based on hydredynamic cavitation [52; 53]. These

promising new applications could greatly benefit from the tools developed along the BIC project.

In

particular, hydrodynamic cavitation reactors include all the scales considered in the project gnd their design

would be more effective and economical if predictive models were available.

Furthermore each single work-package is expected to provide cutting-edge coniributions lo the specific area
of concern, among others; advanced models for nucleation mechanisms and rates, at,v}(r te descrip.t:lon
of the effects of turbulent transpert on bubbles, bubble deformation and collapse via {compressihle)

phase-field models, see Fig. 1.

20




Caselola Project 339446

Section b. Methodology

Praject BIC is organized into four closely interacting work-packages (WPs) that will
aspects and scales of cavitation:

de

1. WPI: Nucleation mechanisms and nucleation rate

2. WP2: Turbulent transport and bubble dynamics |
5. WP3: Bubble deformation, topological changes, and collapse
4, WP4; Experimental characterization and validation

These WPs will work in parallel, but the work-load of cach one will vary along the years,

instance, WP2 will be required to develop from the very beginning a coup}ed description

imeractions, but, as nucleation models become available from WPJ, the commitment of
In general, as more tools become available from the meorcucal/numencab WPs, the effort in
into a comprehenswe model will also increase. This is reflected in the érogresswe strategy
human resources, in particular PhD students, see Fig..3 and Sec. ¢. The envisaged orde
WP1, WP2, and WP3 which allows for a better integration of the work-flow.

t Q

BIC
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see Fig. 3. For
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Figure 3: Timing of the imtermediate project objectives and distribution of human resources
each project WP and specific objectives. Six months units are used, color code identifies ¢

commitment at a given 1ime. |

The interactions among the four WPs are schematized in Fig, 4 that shows intermediate
WP, supporting experiments by WP4, and milcstones at the interface of WPs, In
communication between WPs and realize a truly interdisciplinary approach to cayit
milestones are enwsaged Milestones imply that different intermediate solutions will be scn
WP (e.g. the numerical techniques used for nucleation, bubble transport, and bubble colla
experimentally by WP4, Milestones will be instrumental for defining the most appropnat{ssz
describing the physics (does the model reproduce accurately enough the phenomenon?) and ¢
the next level of the phenomena (e.g. how can nucleation be incorporated into flow desc
organization of the work-flow is crucial in order to achieve the most ambitious objective of 1l
is a coherent description of cavitation capable of bridging the different scales involved.

objgctives of each
rddr to optimize
italion, cammon

eened by each

ec. c) for “
gree of

and validated
ution both for

o interact with
ription?). This -
e project, that

In the following we discuss in more detail the methods and work-plan envisaged for cach work-package.

!
The problem of cavitation nuclei will be tackled with techniques unpsna( in engineering contexts. by
exploiting the expertise acquired by our group in studying supcrhydrophobic surfaces [7; 8). In particulpr,

we propose 10 reconstruct the free energy profiles of the nucleation procdss of vapor cavities
dynamics free energy methods, such as that devised in [54], that have already prowved

describing the wetting/drying of surface crevices, see Fig. 5A and Ref} [7]. These sim ulations yield, {

nanometer-sized particles and crevices having arbitrary geometry, information about the t
stability of the nucleus as a function of the liquid pressure and about the free energy barriers U
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Figure 4: Main objectives of BIC project organized by WPs. Milestones at the interface between WPs g

meant to improve exchange of information between them and promote the main objectiv
blue). In orange and dashed ling, the rasks of the experimental WP4,

overcome i) for a nucleus to form and ii) for the nucleus to grow out of the crevice. Cow
atomistic approach is the Continuum Restrained Thermodynamic Integration (CRTI) proposed in [8) that

allows to reconstruct free energy profiles also in a continuum framework. Practically
powerful atomistic description of nucleation to any particle or crevice in the nanometer
see Fig. 5B. An intermediate objective in the first phase of WPI is the development of fle

algorithms that implement CRT! and the extension of this model to account for the effec

After this objective will be achieved, realistic geomerries of impurities typically present in

could be simulated, based on the results of WP4, which will perform Scanning Electron Mig

analysis of solid impurities filtered from the liquid environment, see Fig, 4.

Figure 5: A) Free energy profile as a fim
level of u single rectangular crevice z.
phase, in red the vapor phase of a simp

rre
e of the project (in

nplementary to this

CRTI extends the
o millimeter range,
xible and powerfu!

t of dissolved gas.
enigineering flaids
roscopy (SHM)

=

ctivn of the filling
In blue the liguid
le fluid (Lennayd-

Jonesj. Local minima in the profile idensify Stable (absolute

curvature (CB2) and fully wet crevice {

minimum) and metastable siates (relative minimaj in the
wetting of a crevice. For the thermedynamic conditions
represented, a nucleus with low curvature Is\the stable stote
(CB2), but other metastable states charac

erized by high
are also possible.

The free energy barrier separating CB d W srates| is

z evident; such barriers confine the dynamicy of the system

B : el ™ within local minima, and only uncammonly high
L Y My ] Sluctuations may overcome them. For this regson nucleation

—_—ygo r '\.‘ on a rough surface i‘f a rare event %d its description

R TR 1T RS requires advanced simulation techmigues. The JSigure
U e e . illustrates the restrained molecidar dynamicy simulations of
p ', 1 [7]. B) Coexistence pressure (defined us the|pressure where

r ©B2 ". i the probability of nucleation, ie. of huving & CB state, is\)

f ] 4 . as a function of the crévice aspect raiio flength oper

001 0.1 1 i depth), for different contact ungles flog-scale on abscissas).

o Data from the CRTI theory of [8].
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Robust thermodynamic models capable of describing i) nuclei stability and iy free nejgy barriers [as a
function of the local pressure conditions will be the first step towards a rigorous thec:;y of heterogengous
nucleation on rough surfaces (surface nuclei) and particles (free nuclei). Further improvement of the theory
requires the knowledge of the transition path and of the kinetics of the nucleation pr s. In order to do
this, we will employ the tools offered by transhiion path theory (TPT) [55] and transition s}te theory (TST)
[56], which vield both the transition path and the nucleation rates. The models developed for nucleation|will
be validated on simple crevice geometries {e.g. cylindrical ones) aghinst ad-hoc expgrihents on micro-
patterned surfaces carried out hy WP4, similar to those in [42]. In this phase, interaction with the phase- Ecld
description of WP3, assisted by the targeted experiments of WP4, will provide insights iJm the bubble rel‘ ase
process and the nuclei deactivation mechanism proposed in [42], see Milestone 3 in Fig. 4. |

The outlined approaches will allow a rigorous description of the nuclealion process!on| known sur}ace
asperities and indced may represent a significant advancement for the field of nucleatipn. However in
practical situations a plethora of nuclei having different geometries and surface characterisics are prclnt.
Therefore, in order 1o interact with the subsequent step of the multisca}e description, models for the micled
population are needed, see Milestone 1 in Fig, 4. These models will be developed intetacting withi the
experimental unit WP4 that is in charge of characterizing the nuclei populations in different ljquids. |

ry 1 1
WP is in charge of developing fast and accurate algorithms for the transpert of eavitation nuclei and
of the bubbles in the stage when they are too small to be resolved on the grid of the Navier-smt(es
solver. In these conditions, nuclei (both those freely advected by the fluid and those ex{sti g on the rough
surface of the immersed body) and bubbles are considered as point particles endowed with different
dynamical features (internal degrees of freedom). The concept is a combined Eulerian-Lagrangian approach
(for fluid and particles, respectively) to track the generalized particles in a fully resolved turbulent flow in
the spirit of Direct Numerical Simulation (DNS). The nuclei will be equipped with an acfv tion rate madel
according to the heterogeneous nucleation theory developed in WPI, see Fig. 4. The sgb-Koimogorav
bubbles will be endowed with a geometrical descriptor (the bubble radius in the simplest case, but a variety
of simple shape parameters related to the bubble deformation will also be considered) and will evolve
according 1o a generalized Rayleigh-Plesset dynamics (see insct The Rayleigh-Plesset Equatipn). During the
first stage of the project, while waiting for the resuits of WP1, the focus will be held on bubb) descriptior?.

The truly innovative advancement expected from WP2 is the effective coupling of ctviita ton nuclei and
bubbles with the turbuient flow. On the one hand, nuclei and bubbies will perceive the \ 3 instantanej:us
|

pressure history along their own turbulent Lagrangian trajectories. In such conditions the focal pressure will
free nucleil) while convected by the turbulent flow (one-way coupling). On the other hang, bubbles

O

drive the evelution of the particle internal degrees of freedom {e.g. the bubble radius or the nucleation ration

il

modity their micro-environment through momentum, heat, and mass exchange with the fluid and affect the
flow via collective effects (fwo-way coupling), The most innovative outeome of WP ig indeed developing
accurate and fast algorithms, able to track millions of particles in the particularly severe conditions pf

|

12 |

Figure 6: A) Sketch of the iwo-way coupling algorithm. The red lines show the vorticity z'rﬁ'ec ed on the pi;'d
during the time step on few nodes around the particle influenced. Thé verticity already present on lke
Eulerian grid is evolved by the Navier-Stokes solver (green lines). At each time step neu;r}brri pity is Irzjcctfd
on the grid, to be successively taken care by the N-S solver. B} Instantangous pariicle configiraiions (black
dois) superimposed to the isofines {colors) of the newly injected vorticity, The simdation ita

3D, particle-taden homogenous shear flow (from 57
23
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two-way coupling. The concept exploits the small Reynolds number! of the local relative fluid-particle
velocity, In these conditions diffusive processes dominate over corvection, allowing fo approximate
convection as a second order cffect. Restricting, for the sake of definiteness, the attenfion to momentum
coupling, the particle reacts on the fluid with the opposite force the fluid is exertijﬁg pn the particle
(cssentially the Stokes drag, see the inset The Muxey-Riley equation). With respect to the stahdard approach
followed for two-way coupling simulations that employ the steady state Green's function Ifor} diffusion [58],
the ground-breaking increase of computational efficiency is expected to come from describing diffusion (of
momentum, in this specific example) in an intrinsically time-dependent framework, using| thef so-called fr{j

f the unsteady

L E

space Green's function of the unsteady diffusion operator. Given the narfowly peaked sh
Green's function at small time delays (a Gaussian with variance proportional to the time step), the time
stepping procedure couples the particles with the discrete Eulerian field only though a few grifl nodes around
the particle, see Fig. 6A. This opens the way to a new class of algotithms for the xijﬁ'u ion-dominated
coupling of particle ensembles with Eulerian fields. Their complexity scales linearly With|the number of

transported particles, making them potentially able to simulate turbulent flows with million:
bubbles, see Fig. 6B.

of transported

In a fundamental study such as that proposed in BIC project, use of DNS is strategic in ordef to reconstryct
the correct physical mechanism of bubble-flow interactions, The DNS simulation of practi¢al engineering
flows, however, is beyond current computational capabilities. In a late phase of the BIQ project, WP2
resources will be devoted implement the obtained results into Large Eddy Simulation (LES) sTxlrgﬁd modeis,
so as to supply practical computational tools to the engineering community.

Once a bubble has grown to a size comparable with the Kolmagorov scale, it can be resolved on the Eulerian
grid. The subsequent phase of extreme bubble deformation, merging and collapse in presevFe f shock waves

-~

emission, solid boundaries, and real turbulence is out of the reach of any presently avl le simulation
technique. To bridge this gap towards the actual multiscale deseription of turbulent cavitation a
radically innovative approach based on the so-called diffuse interface (or phase-field) methods [39]
(see also inset Phase-field methods) is here envisaged. As explained in further detail in|the inset, this
approach has the potential to track the evolution of the bubbles in the turbulent field, allowipg for extreme

deformations of the bubble shape, for topological rearrangements, such as merging of twg or|more bubbles,
and for flow-induced bubble break-up. In a nuishell, the

hasic concept is replacing the sharp interface between a ]

bubble and surrounding liquid with a diffuse interface i e
across which the fluid properties change smoothly from 124 &> |§
the values pertaining to the liquid outside the bubble 10 1 .
those pertaining to the gaseous state inside the bubble : g
[60]. A preliminary example of its potential is provided in ==
Fig. 7, showing the evolution of an enclosure of a fluid 1D
immiscible with the background liquid, like an oil drop in & g
water. Both flows inside and oufside the bubble are N e
resolved, allowing the implicit correct tracking of the 1 e
enclosure. We recently succeeded in theoretically 67 g
showing, and numerically confirming, the convergence of 1
the diffuse interface description to the correct sharp 4+

interface  limit where the smooth interfacial layer ]
approaches the appropriate jump conditions at the surface 2:
enclosure [61].

The approach can be endowed with rigorous 0:
thermodynamics to describe the liquid-vapor phase 9 3‘ 4'

transition. The isothermal assumption, see the inset,
can be relieved by introducing the energy equation, Figure 7: A) Rising bubble in| a jiquid under
e.g in terms of the temperature ficld. The approach puoyancy  jforces B) Iristantaneous
features a siate equation for the bulk phases comfigurations of bubble interjacd fsolid line
encompassing both vapor and liguid states. The liquid gnd fluid  velocity (arrows).  Three-
compressibility is kept in the liquid equation of state so a5 gimensional simulation withl | phase-field
to support acoustic and shock wave propagation, in view model [62].
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Phase-field methods

Starting from the pioneering work of van der Waals [60], two phase huids (vapor bubbles immersed in
the liquid, in our case) have been described by a free-energy fum:lion#zl

Flo.TI=J flo.Vo.T)aV~[ [f,(p. T)+ L1ZN(T)V p-V plaV

where p(x,f} isthe continuously varying density field, 7 the temperature, here assymed constant
for simplicity, and D the flow domain. The frec-energy densityi f s the sum |of the bulk free-
energy of the pure fluid  f, —typically the free-energy of a van der Waals fluid— and |an interfaciul
term proportional to the squared density gradient. Equilibrium conditions are solutipns| of the Eulep-
Lagrange equations which determine the minima of the (locally) convex functional| constrained to|a
given mass of the system, & F/8 p=3f,/8p—AV p=p, .where W, isthe Lagrahge multiplier
used to enforce the mass constraint, The functional derivative p=§ F/8p s the chemical potentipl
that is constant at equilibrium. The solution of the resulting non-linear elliptic equation determines the
equilibrium density field ph,q(x) . Below the critical temperature the bulk free-energy fensity ceases
to be a globally convex function of the density, and the equilibrium density field featyres two bulk
states P> p, , corresponding to liquid and vapor, respectively. The two phases are separated by a
thin transition region, the so-called diffuse interface. Equilibrium is the results of twa competing
effects, namely segregation in two distinct phases. towards by the two identical minina in the bulk
grand-potential  w,=f,—u,p , and reduction of the interface, penalized by the inte rf]cial energy.

Under non-equilibrium conditions the field is assumed to relax towards equilibrium glo
descent trajectory. Beside the mass conservation equation,

g the steepest

—==V-{pu
Y (pu)
tthe momentum conservation
G} ,
—gt£+ Vipouui=V-T +V-T,

includes, in addition to the standard viscous term T, , the extra-stress 7,=T,[p] torresponding

to a distributed capillary stress across the interface [59]. Its form is too cumbersome t¢ be explicitly
reported here. It could however suffice to say that it is a functional of the density that basically contaips
square terms in the density gradient and the bulk chemical potential, M,=df,/2p [related to the
thermodynamic pressure. Once integrated across the interface, the capillary stress pravides the surface
tension and the stress ditference between the two butk phases. For isothermal flows the above two
equations completely determine the dynamics, including the liquid/vapor phase transition that may
accur in response to changes in the bubble environment. Clearly, when the Reynolds nymber is large
enaugh, the flow becomes turbulent, inheriting all the rich thermodynamics of fhe|liquid/bubble
interactions. The field naturally accommodates for topological rearrangements of the bubles, i.e. flow-
induced bubble merging and fragmentation. Interestingly, the bulk equation of gtatg for pressure
derived from the bulk lrcc-energy density keeps compressibility effects, both in the| vapor and in the
liquid phase. As a last note, the formulation can be extended 10 non-isothermal ¢onfitions with|a

| suitable form of energy equation dependent on the temperature field 7=Tlx, e i

of the correct evaluation of the stress induced on a solid wall by the collapse of cavitation bpihbles.

It is finally worth stressing that WP2 and WP3 will operate on the same common Naviet-Stokes platform
and that a pracedure to smoothly shift on-the-fly from a particle based to a phase-field descriptipn is
envisaged, see Milestone 2 in Fig. 4. A new algorithm will be devised to guarantee seamless injection of
Lagrangian bubbles into the phase-field description on the Eulerian grid. In this sense the[BIC project will
possibly achieve its most high-risk but at the same time most rewarding objective of providing
integrated simulative tools to rigorously bridge the range of scales from nucleation to bubble transport
(WP1—WT?2) to tnpalogy change and eventual collapse (WP2—WP3).

WP4.: Exper racteriz nd va
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Experimental methods will serve both as a support for validating the models developed by th

kss
flexible and versatile techniques, capable to adapt to the project evojution and ad;jtm
and nanocharacterization and fabrication BIC project will greatly benefit from the facilities

for characterizing realistic nucleation scenarios, see Fig. 4. In order o perform these

Sapienza Research Center for Nanotechnologies Applied to Engineering (CNIS). The

Pjom
of the steering committee of CNIS and his research group has access to the resources therein.
Lithografy (EBL),

Fgrce Microscopy -

CNIS include 2 high resolution field emission SEM, equipped with Electron-Beam
Energy Dispersive X-ray Spectroscopy (EDS), and Focused fon Beam (FIB), two Atomic

(AFM) platforms, a confocal fluorescence microscope, chemical vapor depesition (C
chemical lab. A class 1000 clean room is available at the Department of Information
Telecommunication Engineering (DIET) of Sapienza. Other equipment will be acquired
project, to allow optical and acoustical characterization of nuclei and bubbles. A possible
will include a light source (e.g. laser or strobo), lenses and optics (microscope etc.), I
hydrophone, and pressure conirot. The specifications of these additional instruments wil

chemistry (via EDS). This will yield realistic models for solid cavitation nuclei as

Realization of micro and nanopatterned surfaces of controlled size and geometry
techniques. Deposition of hydrophobic layers via Chemical Vapor Depositiont
done, e.g., in [64). Determination of the cavitation pressure on the realized
methods of [41; 42)], which are essentially based on imaging the nucleation e
pressure pulse. These methods will be helpful in validating the nucleation models

Characterization of nuclei populations in water via light scattering or holograph
The final method will be selected depending on the project needs and the
equipment. These experiments will be useful 10 supply nuclei population models Js

Characterization of bubble coalescence and collapse at solid walls. The second

high-speed photography [30; 311 and will be considered in the final phase of the B
s i

validation of WP3 high-risk task of simulating via phase-field compressible mode
see Fig. 1.

Section ¢. Resources
¢i} Personnel

The BIC project is a chiefly theoretical and numerical project, that involves the dev
numerical approaches in many diverse areas. For this reason most of the project resources
hiring experienced researchers, capable of proposing cutting-edge solutions in each ar
{embodied by the WPs).

€

The Pi commitment to BIC project will be the 50% of his working time, as a close supervi

WPs (that work mostly in parallel, sge Figs. 3 and 4) is intended to promotc a unified vis
The cost of the Pl is 100 000 €/ycar.

L

In addition to the P, Dr. P. Gualtieri, assistant professor at the Department of Mechani
Engineering Department of Sapienza, will actively help coordinating the numerical effort

¥

n the course o
experimental setup

SEM characterization of typical salid impurities isolated from water, including geometry

ion to the proje

al jand Aerospa
of the project. His

BIC

b other WPs and |
we plan to use !
ents. For micro- -
available at the
nent is member

d
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=]

The facilitiaf at

) system, pnd
' Electronie E:d
the

era,
na
ate
i in

ire
C project, as a
ubble collapse,

mment of new
| be devoted|to
bf the reseaT;h

ion of the four

ct.

cC

expertise in DNS of particle-laden flows, in one-way [18)] and two-way coupling [571 regimes makes him
especially suited for leading WP2. He is expected to devote 60% of his weorking time to the BJC project. The

cost of an assistant professor is around 50 000€/year. Prof. Luca Marino. associate

modeis. His expertise in the field of compressible flows and phase field niodels will help w

The other WPs will also be led by experienced researchers, more specifically associated pr

p
Mechanical and Aerospace Enginecring of Sapienza, will contribute to the development
ith
of an associate peofessor is around 70 000€/year. He will be involved for 50% of his working

ofessor at the
of phase field
WE3. The c?yst
ime. !

sors and pﬂ‘b't“

docs (in the Halian regime Ricercatori a 1empo determinato di tipo A, RTD-A) already aq
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methods envisaged for their WP: rare events methods for WP, Direci Numerical Simulagjon for WP2, andj
experimental methods for WP4. A fotal-of three: RTD+A will:be- hired in. the first'months 4f BIC project for

the whole duration of it, and they are'expected to Work full-timie for the project. This stratdgy will alio
WPs to be fully operative in the first year of the project. The current cost of a RTD-A is|argund 50 000
in lialy, :

At least four PhD students will be formed and work on the BIC prdjecl. In addition |to state-funded
scholarships, dedicated ones may be awarded. In the first year, WP{ is required to provide rapidly
nucleation models to WP2; in order to do this a PhD student will work on WP1. From the beginning, an
PhD will be employed in WP4, in particular, to design and build the experimental setup nok already at
center, At least two PhD students will join the BIC project in successive years, to support the eff¢
integrating WPs work. One is expected to help WP2 from the second year of the project. The other wil
WP3 starting in the third year. The cost of a three year PhD scholarship is around 48 0DO€ in [taly
positions are announced once a year in September.

w the:
£/year

PhD
basic.
other
CNIS:
ot of
help:
PhD

In order to deal with the experimental part of WP4 experienced technicians are needed| Technical perspnnel

is also required to manage the computer resources. The related expenses are reporte
Costs in the table attached below.

Appropriate resources will be devoted to promote research travels for each category jof the research

Other Personnel

including participation to international conferences. In particular, each PhD student

available to the BIC project and to disseminate its results.

2. isiing r

nanofabrication and characterization. An annual membership fee of 4000€ allows me
group to use the available equipment for around 1000 hours and obtdin technical supg
are interested in the Auriga Zeiss High Resolution FESEM platform that has also modu
(EDS Bruker) and nanofabrication (EBL Reith and FIB). This platform will allow to
particles typically present in water residue, to ctch silicon and other materials, and to cf

micro- and nanoholes. A complementary technology for nanocharacterizarion also present at CNIS is Atomic

Force Microscopy (AFM leeco Multimode and Veeco Jcon). Chemical vapor depositi
depositing hydrophobic layers) and a chemical lab are also present at CNIS center. A cl

1000 clean

system (e.g. for

room

is available at the Department of Information, Electronic and Telecommunication Engingering (DIET) of

Sapienza with which the Pl has an ongoing collaboration [64].

¢3) Equipment

New experimental setups will be acquired in order to characterize i) nucleation on micro- ind nanopatierned

surfaces, ii) nuclei in water, and iii) bubble collapse. In order to effectively support the [work of the
WPs, flexible instrumentation will be preferred. Possible solutions for the fluidic setupp are listed
following.

other
n the

An optical table, microscope, light source (strobo or LASER), and pressure contro} (ejg. a piezoelectric
source as in {41]) will allow to realize i). Subsequently few additional equipment is| negded for ii),|e.g. a
difterent light source [35]. In the last two years, in addition to the accumulated equipment, a high-speed

camera and possibly hydrophones will be needed 1o perform iii).

Generous computational resources will also be needed. These resources will be made available through
performance computing centers. Typical cost for 100 000 computational hours (either|on HPC o]
clusters) and 1 terabyte of storage is around 10 000€ (as estimated from the group's contracts
CASPUR/CINECA). An average consumption of 200 D00 hours/year is expected on traditional cluster

high-
GPU
with
s and

100 000 hours/year on GPUs. A portion of these resources may be provided throuygh the acquisitjon of

computational/GPU clusters. The costs concerning the computational resources are buggeted in the

table

attached below under the entry Equipment, as concerning the acquisition of local clusters. The part
concerning the computational hours to be used on CINECA supercomputers is budggted instcad under the

entry Consumables.[t may be worth specifying that in both cases the PI and the perspntiel involved |i

n the

project will work in thc premises of the host institution, using in case onling cpnnections to the
supercomputer centre. Of the required 300 000 computational hours/per year, the share|is grder 57% spemron "
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the local clusters and 43% on the CINECA machines. It can be anticipaited that along the prpject it could be
necessary to partially adjust such percentages and the corresponding allocated budget.
: 1 fcat 7,

Short visiting periods are envisaged for external experts to be selected éccording to the specific necds of the
project. Two workshops are foreseen, one during the first accounting periad and one during the third one,

with the purpose of gathering together worldwide experts in the different fields of cavitation jn order to focus
project towards the issues suggested as crucial by the scientific community.

51 ¢ bles. Publicati Sl .

Consumables. The BIC projecis will mainly use two diiferent kinds of consumables. On the one end| the
experimental work-package WP4 will employ consumables of different nature 10 acpol
characterization of impurities (item 1 of WP4), the realization of micro/nano patterned surfaces (item 2 of
WP4), the characterization of nuclei population in water (item 3 of WP4), the characterization of bubble
coalescence and collapse at solid walls (item 4 of WP4). On the other hand, the extensivg computatipnal
activity of the project will use typical consumables associated with the ﬁse of PC-clusters, hard-disk stotage
systems and similar items. Consumables include also the annual menibership fee for decdssing the CNIS
facilities and, as anticipated before, the cost of computer hours to be used on CINECA supergomputers.

Publications. The scientific results achieved during the different phases of the BIC projedt will we mlade
publicly available through publication in open access journals. In several cases costs are 4ttaghed to this Kind
of publications that will be financed through the BIC grant. ‘

Subcontracting. Some funding will be needed for subcontracting. Among these are worth mentioning here
the costs of external audits to keep the financial part of the project under strict control and the realization of
micro-nano patterned surfaces for the experimental study of nucleation.
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Section d. Ethical and security-sensitive ijssues
ETHICS 1SSUES TABLE

’ . - . .

BIC

Areas Exclnded From Funding Under FP7 (4re, 6)

i (i) Rescarch activiry aiming at human cloning for reproductive purposes;

¢ {il) Research activity intended to modify the genetic beritage of human beings whig
) such changes heritable (Research relating to cancer treatment of the gonads can be f

(iii) Research activities intended to create human émbrycs solely for the purpose of]

nanced);

| the purpose of stem cell procurement, including by means of somatic cell nuclear transfer;

|

th could make

research or for

All FP7 funded research shall comply with the relevant national, EU and international eth
; and professional codes of conduct. Where necessary, the beneficiary(ies) shall provide
- Commission services with a written confirmation that it has received (a) favourable o
- relevant sthics committee(s) and, if applicable, the regulatory approval(s) of the comp

ics-related

tent nation

local authority(ies) in the country in which the research is to be carried out, beford beginning

Commission approved research requiring such opinions or approvals, The copy of the

: from the relevant national or local ethics committees must also be provided to the responsi

setvices.

N

rules

the rmponJ»ible i
inton(s) of| the t

} or
any

pfficial approval |
ble Commisﬁsion]
H

Researeh on Human Embryo/ Foctus

Does the proposed research involve human Embryos?

" Does the proposed research involve human Foetal Tissues/ Cells?

ﬂ Does the proposed research involve human Embryonic Stem Cells (hESCs)?

ion ariscs.

| Please indicate here the page number of Part B2 of your proposal on which the ethical issuc in ques
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' Daes the proposed research on human Embryenic Stem Cells involve cells in culture?

o dw—

| l from Embryos?

Does the proposed research on Human Embryonic Stem Cells involve the derivation of cells ’

i | 1 CONFIRM THAT NONE OF THE ABOVE lSSUES APPLY 10 M\' PROPOSAL

Research on Humans

Does the proposed research mvolvc children?

‘—‘ Does the proposed research mvclve pancms"

Does the praposed rcsearch involve persons not able to give consent?

Does the proposed msearch involve adult healthy volimteers?

Docs the proposed research involve Human genetic material?

" Does the proposed research involve Human biological samples?

Does the proposed research involve Human data collection?

1 CONFIRM THAT NONE OF THE ABOVE ISSUES APPLY TO MY PROPOSAL

Rt R

Priviey

"Does the proposed reses:ch mvotve pmc&smg of gencnc information or personal data
{e.g. health, sexunl lifestyle, ethnicity, political opinion, religious or philosophical
] ' conviction)?

f

l Does thc proposed rcscarch mvolve tracking the [ocation or obscwaﬁon of peop]e”

é ! 1 CONF[RM THAT N{)NE OF THE ABOVE ISSUES APPLY TO MY PROPOSAL

i Does the proposed research involve research on animals?

Y e e e

Are thase animals ransgenic small labomtory animals?

| e

% Arc thosc ammals transgemc farm animals?

Arc thasc ammals non-human primatcs?

Are those animals cloned farm animals?

1 I CO\JFIRM THAT NONE OF THE ABOVE ISSUES APPLY TO MY PROP(}‘EAL

i e s o oL L

F YES

Research tnvolving non-FEU Countries (ICPC Couutries’)

4 1s the praposed research (or parts of it) going 1o take place in one or more of the ICPC
i Countries?

2 In accordance with Article 12{1) of the Rules for Participation in FP7, “Intemational Cooperation Parinee Couptry

(ICPC) means a third country which the Commission classifies as a low-income (L), lower-mid
upper-middle-income (UM) country. Countries associated to the Seventh EC Framework Program
ICP Countries and therefore do not appear in this list.
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|

samples, genetic material, five animals, etc) . ‘
a} Collected and processed in any of the TCPC countries?

* by Exported to any other country (mcludmg ICPC and BU Member States)?

- q s 0 g T o pps——— enmdely
1s any material used in the research (e.g. personal data, animal and/or human tissue o

BIC

; 1 | CONFIRM THAT NONE OF THE ABOVE ISSUES APPLY TO \4”( PROFOSAL

o i} ' o i
Research havmg direct mlhtarv use : |

, Rcscarch havmg the potemlai f‘or terrorist abuse .

: I CON'F]RM ™ ‘\T NONE OF THE ABOVE ISSUES APPLY TO MY PROPOSAL | YES

If any of the above issues apply to your proposal, you are required to complete
'B2_Ethical Tssues Annex' (template provided).

Please see the Guide for Applicants for the Advanced Grant 2013 Call for further deta
tp:#eordis.curopa.eu/foT/ethics enhtrnl for further information on how to deal with I%thi
proposal.

EGNERIA
RT‘MENTO DI NG
&EGCAN!CA £ AERQSPAZY NLE
DIRETTORE

(Wf' Giorgio Graziani)
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SUPPLEMENTARY AGREEMENT
(Support for frontier research)

Universita degli Studi di Roma La Sapienza, (hereinafter referred to as “ber

of the one part,

Carlo Massimo Casciola,' Italian, passport No. F 500501, (hereinafter refer]

investigator”),

of the other part,
Have agreed to the following terms and conditions and fully accept th
grant agreement (ERC grant agreement No. 339446), which have the
supplementary agreement’.

1. Scope of the supplementary agreement

The present supplementary agreement shall determine the conditions

project “Cavitation across scales: following Bubbles from Inception-to|C
referred t0 as "project”) and the respective rights and obligations of the p.
and the beneficiary. Provisions of this supplementary agreement, which are not in

with the grant agreement, shall be deemed to be void.

2. Rights and obligations of the beneficiary
The beneficiary shall:

1. support the principal investigator in the management of the
reasonable administrative assistance to the principal investiga

regards:

a. the timeliness and clarity of financial information,
b. the general management and reporting of finances

c. the advice on internal beneficiary strategies and ERC or
policies,

d. the organisation of project meetings as well as the geheral logi

pw:ject.I

[44

]

fq

Commissia

reficiary”

red to as

e
»

“principal

rms deflned in the
e mearling in this

r implementing the
ollapse” (hereinafter
rincipal investigator

accordance

team and provide
for, in p

articular as

stics of the

' Grant agreement means the ERC grant agreement including its annexes between the be:egfciary and the
European Research Council Executive Agency (hereinafter referred to as the "Agency”) un

Framework Programme (FP7).

r the Sevent

-



3. Rights and obligations of the principal investigator

The principal investigator shall:

a) take all appropriate steps towards the effecnve supervision of the scientific and
technological execution of the project; '

b) be in charge of the scientific reporting and coxhtxibutc effectively to the financial
management reporting on the project;

¢) inform the beneficiary in due time of any event or change lj) circumstances which

are likely to have an effect on the performance of the grant agrpement, i

- aplanned transfer of the project to a new beneﬁcianvj
ers

- any modification relating to the information having derved as a \i&asis to the

signature of the supplementary agreement referred ]to in Article 2 of the
grant agreement,

- any modification relating to the information havmé served as p basis for
the award of the ERC grant;

- any personal grounds affecting the implementation of the project,

d) respect the confidentiality rules in accordance with Article IL9 of| the grant
agreement.

e) acknowledge the support of the European Union for an ERC grant in any
dissemination activities, such as in related publications pr other media in
accordance with Article 11.12 of the grant agreement.

2. the principal investigator shall respect the intellectual property rights|of the bgneficiary
during and after the project;

3. the principal investigator shall propose in writing to the beneficiary in the ¢ase he/she
decides to transfer the project to a new beneficiary to which extent [the project shall be
transferred. He/she shall also make in writing a proposal to the|beneficiary on the
modalities of the transfer arrangement with the new beneficiary.

4. the principal investigator shall provide to the beneficiary in the case guansfer to the new

beneficiary a statement describing in detail the results of the conducted research up to the

time of transfer of the project and he/she shall transmit a copy off

is staternent to the
Agency.




Grant Agreement
Preparation Forms

Project number

339446

Project title
BIC— Cavitation across scales: following Bubbles from Inception to CoRlapse

Call {part) identifier

ERC-2013-ADG

Funding scheme

Support for frontier research (ERC)




A1:

Our project

£ Grnatio

o

olibpse i

ERC-2013-ADG

ERC-AG-PE8 : ERC
Advanced Grant - Products
and process engineering

PES

Cavitation - Heterogenous nucléstion - Rarg events
echniques - Molecular dynamni

-~ Phase fl ‘
‘ cjse - Lagrangian tracking -

d methods -

Cavitation is the formation of vapor cavities inside a liquid due to low pressurg

realized in cavitation are increasingly exploited in medicine, chemistry, and biclogy. What mak

such as turbulence, have a major impact on it.

multifaceted phenomena involved in cavitation {nucleation, bubble growth, trénsport, and coll
fostered by BIC project will result in new methods for designing fluid machindry, but also ther

group in numerical simulations of flows at different scales that include advanéed atomistic sin
wetling phenomena, mesoscale models for multiphase flows, and particle-laden turbulent fioy
methodologies {free-energy atomistic simulations, phase-fieild models, and Direct Numerical 8

5i
will be supparted by targeted experimental activities, designed to validate models and charag

s, Cavitation is an ubiquitous and destructive
phenomenon common to most engineering applications that deal with flowing water. At the same

its multiscale nature: nucleation of vapor bubbles heavily depends on micro- and nanoscale det:
as bubble collapse, determine relevant macroscopic effects, e.g.. cavitation damage. In addition

The objective of the BIC project is to develop the lacking multiscale description of cavitation, by {
numerical methods capable to perform quantitative predictions. The detailed and physically spur

apies in uitrasgund medicine
and chemical reactors. The BIC project builds upon the exceptionally broad experience of the Pl

hulations of nahoscale

fime, the erme conditions
 cavitation ynpredictable is
Is; mesoscale phenomena,
macroscoic flow conditions,

4 understanding of the
nt flows)

roposing :fw integrated

esearch

ed numerical
ubbleaden flows)

terize realistic conditions,
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A2.1:

Who We are

339446

29/07/1982

1702133771002

UNK

/

P013-11-25 12:37




| A2.3:

Authorised Regpresentptives

BIC

Uni omaﬂ

'
i
il

srogpace Engireering
Department

Mechanical apd Aerospace E

hgineering Dep artment

via Eudossiana

Roma

00184

italy

+390644585266

+3583201891341

| g.graziani@uniromat.it

+390644585250

b0 13-11-25 12:37




A2.5:

nm tment

330446/

|Bic

One form per participant

1~ As an authorised representative to sign the grant agreement or to commit the abovementmr?ed organisatioh, | am fully
aware that a grant agreement may not be awarded to an applicant who is, at the time of a graqt alard procedure, ih one of the
situations referred to in Articles referred to in Articles 106(1), 107 and 109(2) (a3 of the Regulation (EU, Euratgm) No 966/2012

of the Eurapean Parliament and of the Council of 25 October 2012 on the financial rules applicable to the general budget of the
Union and repealing Council Regulation (EC, Euratom) No 1605/2002 [OJ LZQB 26.10.2012, FT 1}

As a conseguence, | certify that:
« In compliance with article 106(1) of the abovementioned Regulation, none of thie fellowing cases apply to our
organisation:

a) it is bankrupt or bsing wound up, is having its affairs administered by the ctLur
arrangement with creditors, has suspended business activities, is the subject
those matters, or is in any analogous situation arising from a similar procedur
legisiation or regulations;

b) it or persons having powers of representation, decision making or control olve it have been convicted of
an offence concerning their professional conduct by a judgrment which has the force of res judicata;

¢) it has been guilty of grave professional misconduct proven by any means whi¢h the contracting authority
can justify including by decisions of the EIB and international organisations ; | - ‘

d) itis not in compliance with its obligations relating to the payment of social sec
payment of taxes in accordance with the legal provisions of tha country in \t/
with those of the country of the contracting authority or those of the country

i

performed;

e) It or persons having powers of representation, decision making or. control
of a judgment which has the force of res judicata for fraud, corruption, involve
organisation or any other illegal activity, where such illegal activity is detrimen
interests;

fy it is currently subject to an administrative penalty referred to in Article 109(
regulation.

ts, has entered into an
f proceedings concerning
providedifor in national

Lrity contributions or the
ich it is established or
where the contract is to be

ent in a griminal

Ft have bgen the subject
tal to the Union’s financial

l) of the abovie-mentioned

In compliance with article 107 of the abovementioned Regulation , and as far aé‘T the current grant award
procedure is concerned, our organisation:

g} is not subject to a conflict of interest;
h} has not made false declarations in supplying the information required by thL Gommission as a condition

of participation in the grant award procedure or does not fail to supply this Infg rmation;
i) is notin one of the situations of exclusion, referred to in the abovementioned Toints ajtaf).

2- As an authorised representative to sign the grant agreement or to commit the abovemention‘

ed organisation, | also certify
that our organisation:

+ is committed to participate in the abovementioned project;

+ has stable and sufficient sources of funding to maintain its activity throughout its p#rticipation in the
abovementioned project and to provide any counterpart funding necassary; |

» has or will have the necessary resources as and when needed to carry out its hJ

volvement injthe
abovementionad project.

3- As an authorised representative to sign the grant agreement or to commit the abovementioned organisation, 1 finally certify
that all the information relating to our organisation set out in the different Grant Agresment Preparation Formg are complete,
accurate and correct; and that the estimated costs meet the criterla for eligible costs for FP7 projepts — as es bl:shed by the
ERC model grant agreement — are notably based on our usual accounting and management p}‘m iples and practices, and
reflect the costs expected to be incurred in carrying out the foreseen work described in Annex { (d scription of work}.

4- Qur organisation is fully aware that the Commission may impose administrative or financial ﬁae Ities on legal enﬁties who
are gullty of misrepresentation in supplying the information required by the Commission as a condition of participation in

the grant award procedure or fail to supply this information; have been declared to be in serious beach of thair cbhgattons
under any contract/grant agreement covered by the budget of the Commission . Such penaltiss shali be prop rtzonate to the
importance of the contract/grant agreement and the seriousness of the misconduct, and may qan bist in their éxclusion from the

£

2013-11-25 12:37




Data Protection & Coardination Role

“All personal data contained and related to the Grant Agreement{such as names, addresses, C

Signed only by the Host Organisation - articipant N‘::s. 1

Uniroma

CVp, etc.) willbe p Jcessed in
accordance with Regulation (EC) No. 45/2001 of the European Parliament and of the Counciijof 18 Decembgr 2000 on the

protection of individuals with regard to the processing of personal data by the institutions and bodlies of the B
and on the free movement of such data (Official Journal L 8, 12.01.2001). Sugh data will be processed solet
with the implementation and follow-up of the Grant Agreement and the svaludtion and impact
activities, including the use and dissemination of foreground, without prejudice to the possibil
hodies responsible for inspection and audit in accordance with European Union legislation an this Grant Agreement.

Principal Investigator, team members and beneficiaries/participants may, on written request, gain access to
data and correct any Information that is inaccurate or incomplete. They should address any g1
of their personal data to the controlier/s. They may lodge a complaint against the processing

European Data Protection Supervisor at any time.

For the purposes of this project, the Controller/s identified in Article 8.4 of the Grant Agreeme
Commission/ERC DI8 (European Research Councll Dedicated Implementation Structure).

Any sensitive information or material used as background or produced as foréground in this proj

Aspect Letter (SAL) *® which is provided. If sensitive information or material is found to be requirs
project, amendment to the grant agreement will be requested and a SAL will be provided,

| also certify that our organisation is committed to act as the (principal} beneficiary of this proj%ct *

turopigan Union
y in connection

assessment ¢ Eurapean Union
Ey df passing the data to the

their personal

sestion regarding the processing
of their personal datg with the

nt shall be the pontact/s for the

ect is covered by & Security
d at a later|stage of the

UNIVERSITA DEGLI STUDI DI ROMA LA S8APIENZA

Graziani
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Giorgio
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FINANCIAL IDENTIFICATION

PRIVACY. STATEMENT http:/fec.europa.sufbudget/execution/fliers_fr.htm
WIS R R
PROJECT NUMBER [330446 } PR@}JECT ACRONW BIC
ACCOUNT NAME i

ACCOUNT NAME ‘DIPARTIMENTO DI INGEGNERIA MECCANICA E AERCSPAZIALE }

ADDRESS IVia Eudossiana 18 ]

TOWNICITY |Roma ] : POSTCODE 00184
COUNTRY [ttaly |
,

CONTACT ™ lGiuseppina Angeloni

TELEPHONE ‘4—390644595936

FAX | +300844595250

E - MAIL ]giuseppina.angeloni@unimna‘l.it

BANK NAME I UNICREDIT SpA - Roma 153

|

BRANCH ADDRESS lP.!e Aldo Moro §

I

COUNTRY [haly ]

TOWN/CITY [Roma , | POSTY

QDE

0018

ACCOUNT NUMBER |

IBAN® |!T17P020080522?000400014557

REMARKS:

We ceriify that above information declared is complete and true.

BANK STAMP + SIGNATURE OF BANK REPRESENTATIVE DATYE + BIGNATURE ACCOLUNT HOI&EB_;,LQIQ}_{QQ@M
{Both Obligatory}® ‘

" The name or title under which the account has been opened and not the name of the auth
# ifthe IBAN Code {International Bank account number) is applied in the country where you
1t is preferable to attach a copy of recent bank statement, in which event the stamp of the|

origad agent |

r bank is situa
bapk and the

bank's representative are not required. The signature of the account-holder is obligatory in all gases.

ted
signatire of the
|
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i

1. Project number §

The project number has been assigned by the Commission as the unique ldebtlf ier for your proj t, and it annotibe changed.
The project number should appear on each page of the grant agreement preparat‘on do(}u ents to prevent errors during
its handling.

2. Project acronym

Use the project acronym as indicated in the submitted proposal. It cannot be (;hanged unless agweed during

The same acronym should appear on each page of the grant agreement preparation do&u ents to pr
its handling.

the negotiations,
vent errors during

3. Project title

Use the title (preferably no longer than 200 characters) as indicated in the submlﬁed proposa .
agreed during the preparation of the grant agreement.

4. Starting date

inor corrections are possible if

ERC project will start on the first day of the month following the entry info force of the Grant ement (NB | entry into force

= signature by the Commission ). Please note that if a fixed starting date is used you will be rieqitired to provide a detailed

Unless a specific (fixed) starting date is duly justified and agreed upon dun‘ngithe preparation cf{he Grant Agreement, the
justification on a separate note.

5. Duration
insert the duration of the project in full months,
6. Call (part) identifier

The Call (part) identifier is the reference number given in the call or part of the call you were addtessing, as |ndicated in the
publication of the call in the Official Journal of the European Union. You have'to use the identiﬁe given by the Cammission in
the letter inviting to prepare the grant agreement.

7. Activity code

Select the activity code from the drop-down menu.,
8. Free keywords

Use the free keywords from your original proposal; changes and additions are possible.
9. Abstract

Use the abstract from your original proposal and amend to take account of the following: you shd
characters, the abstract should, at a glance, provide the reader with a clear understanding of the
how the objectives will be achieved, as well as their relevance In the context ¢f the objectivas of the specific brogramme and
the work programme. This summary will be used as the short description of the project for the public following signature of

the grant agresement and in communications to the programme management commitiees and other interested parties. it must

therefore be short and precise and should not contain confidential information. Please use plﬁin lyped text, avoiding formulae
and other special characters.

uld not useimore than 2,000
objectives of the project and

10. Participant number

The host organisation of a project is always number one. Conseguent numbers can be issued toother partidipants of this
project.

11. Participant short name

The short name chosen by the participant. This should normally not be more than 20 charactérs Lartd the san
should be used for the participant in all documents relating to the project.

12. Participant identity code

he short name

To be completed when Unique Registration Facility will be operational.
13. Participant legal name

Official name of pariicipant organisation {e.g. for host organisation or other pamcspants) If applicable, name junder which the
participant is registered in the officlal trade registers.

14. Status of vaildation

if the status of validation of the participant is VALIDATED, this means the data provided in A2.1 has been v
Commission and this validated information is given in the A2.1 form.

3
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Any entity engaged in an economic activity, imespective of its legal form.
32. SME

SME means micro, small and medium sized enterprise within the meaning of Recornmendatian
May 2003 (see htip:/fec.europa.eulenterprise/enterprise_policy/sme_definition/index_en.htm).

[ %)

003/361/EQ in the version of 6

An enterprise is considered as an SME, taking into account its partner enterprises andor linked enterprises pleage see the
above mentioned recommendation for an explanation of these notions and their impact on thg definition), if it: ‘

» employs fewer than 250 persons
+ has an annual turnover not exceeding EUR 50 million, and/or

- an annuatl balance sheet total not exceeding EUR 43 million

« is autonomous !

The headcount corresponds to the number of annual work units (AWU), i.e. tg\e number of persohs who worked full-time within
the enterprise in question or on its behalf during the entire reference year under consideration. The work of persans who

have not worked the full year, the work of those who have worked part-time, fegardiess of duratipn, and the work: of seasonal
workers are counted as fractions of AWU. The staff consists of:

» employees;
» persons working for the enterprise being subordinated to it and deemed to tbe employees undef national law;
* owner-managers;

+ is autonomous

partners engaging in a reguiar activity in the enterprise and benefiting from ﬁnanciat advantaqes from the e(Lterpris&
|

ATTENTION: Apprentices or students engaged in vocational training with an*apprenncesh or Jocational t

ining contract can
not be included as staff. The duration of maternity or parental leaves is also lhot counted.

The data to apply to the financial amounts {e.g. turnover and balance sheet),: as well as to the hpadcount of staff, are those
relating to the latest approved accounting period and calculated on an annud! basis. They are taken into account from the

date of closure of the accounts. The amount selected for the turnover is calculated excluding vajue added tax (VAT) and other
indirect taxes.

In the case of newly-established enterprises whose accounts have not yet been approved, the data to apply is to be derived

from a bona fide estimate made in the course of the financial year. These organisations must insert "N/A" fgr the two questions
refating to the duration and the closing date of their last approved accounting period.

33. Non-SME

An enterprise that is not an SME,

34. Title

Please choose one of the following: Prof.; Dr., Mr., Ms,

35, Gender

This information is required for statistical purposes. Please indicate with an F for female or an N
36. Position

i for male as appropriate.

Please indicate the position in your organisation e.g. Rector, President, Chief Executive Officer| Director et
37. Department/faculty/institute/laboratory namel...

o

Please indicate here the postal address for contact purposes.
38. Signature

The A2.4 and A2.5 forms needs to be signed by at least one of the authonsed representatives Indicated injthe A2 3-form,
39. Security Aspect Letter

See Appendix 4 of the standard FP7 Negotiation Guidance Notes on httpﬂc?ord:s europa.eu/fpfHind-doc_én.htmi,
40. Subcontracting

Costs include subcontracting and cost of resources made available by thlrd part:es which are not used on
beneficiary.

46. ICPC

the premises of the



http://ec.europa,eu/enterprise/enterpriseJlolicy/sme_definitio~/index_en,htm
http://~rd�s.europa,e~/fp/find-doc_n.html

