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ATTIVITA' SCIENTIFICHE

In the last five years, the scientific activity of the writer focused on CFD approach of unsteady thermal-fluid dynamic fields,
digitally-based devices for aircraft and vehicles control systems, low-noise design of marine and aircraft propeller and, more
recently, the digital design of human cell cycle sequencer for anti-cancer applications. More in detail, the results of that early
activity regard the enhancement of numerical and analytical models and formulations for solving complex problems arising
from aerodynamic/aeroacoustic interactions and interference among lifting surfaces and propeller elements. The topics of the

MARRETTA R, DI
TOMMASO S. (1993).
Protezione
dell'ambiente: Modello
fluidodinamico di
interazione con il suolo
di getti veloci da
utilizzare per
l'irrorazione agricola con
prodotti antiparassitari.
p. 1-12,
PALERMO:DIPARTIMEN
DI MECCANICA ED
AERONAUTICA
MARRETTAR,
BUSCAGLIA L. (1993).
Visualizzazione della
distribuzione delle
velocita' in galleria
idrodinamica con il
metodo della
colorazione dei filetti
fluidi. p. 1-25,
PALERMO:DIPARTIMEN
DI MECCANICA ED
AERONAUTICA

current research activities can be resumed in the following:

e CFD approach and modeling of 3D thermal/fluid dynamic fields;

e Active control of wing-flutter;

«  Simulation and investigation of aerodynamic interference;

e Active and digital aircraft control systems;
e Low-noise propeller design;
« Insilico simulation of cancer cell cycle

1.1Description of scientific activity

In the following sections, the scientific activities are exploited at their utmost.

1.1.13D Modelling of thermal-flow fieldsi

In cooperation with ENEA (ltalian Institute for Atomic Energy), a FEM/FVM (Finite Element Method/Finite Volume Method)-
based model has been built up for the analysis and evaluation of a viscous, turbulent, thermal flow. The involved numerical
procedure allows to investigate peculiar aspects of this high-temperature flows and determine the design concepts for

innovative combustors having considerable energy saving.

Publication: Marretta-Calchetti-Rufoloni-Mannino: “ Study of Hydrogen-Air Non-premixed Combustion”, 29°

International Combustion Congress, Pisa, 14-17/06/2006.




1.1.2Digital design of active control devices to avoid wing-flutter

Scientific attention has been paid to digital devices for actively controllino the wing flutter arising and its dynamical suppression
in terms of safety flight.

Methodology was based on two closed feedback circuitries in closed scheme for achieving stability of aeroelastic systems of a
combat or civil aircraft when airspeed of flight overcome those of flutter in open circuit.

Publications: Marretta-Marino: “Active Controller for Wing Flutter Suppression Enhancement”, XVIIl Congresso AIDAA
, Volterra (PI), 19-22 settembre 2005.

Marretta-Marino: “Wing Flutter Suppression Enhancement Using a Well-Suited Active Control Model”, Journa lof
Aerospace Engineering, Vol. 221, pp. 441-452, 2007.

1.1.3Marine and aeronautical propellers —flow fields and aeroacoustic design

Free-wake analysis, CFD and Boundary Element approaches were employed for applications regarding the investigation of
propeller performances with low noise emission and for cavitation control. A devoted computational routine (patented by the
writer), FOB®, was built up to match the propeller optimal airfoil in terms of thrust and noise emission and/or incoming
cavitation.

In shakedown phase, the computational scheme is capable to process and detect the optimal airfoil among all the possibile
NACA database (4, 5, 6, 7 digits and modified) having a cluster of 600.000 airfoil sections families.

Publication: Marretta: “BEM Pre-processor for CFD Post-processing in Propeller Hydroacoustic Emission
Computation”, Computational Fluid Dynamics Journal, Vol. 15, n. 3, pp. 338-353, 2006.

1.1.4Digital wirings platforms for mechanical and aeronautical systems control

In cooperation with Centro Ricerche Cagiva and MV Agusta S.p.A. (world leader manufacturer of race superbike), CFD
approach and control systems theory have been applied for the new areodynamic outfit of the superbike model MV Agusta F4
and of an innovative digital-based control scheme of suspensions frames. Design novelties give a spin-off of increased
maximum speed, aerodynamic efficiency increasing and all-at-once wheels active control.

Publications: Marretta, Marino, Bianchi: “Computer Active Control of Damping Fluid of a Racing Superbike
Suspension Scheme for Road-Safety Improvement Spin-off”, International Journal of Vehicle Design.

Marretta, Daricello, Di Paola: CFD Approach for the Induced Effects of Free Wake past Rivulets on Cables of Stayed



Bridges”, CFD Journal, 2010

Marretta, Bedson: “Risk Assessment of FQI Replacement in ATR72 Aircraft”, submitted to AIAA Journal of Aircraft,
2009.

1.1.5Low-noise emission design of high-speed trains

Applications and investigation through BEM have been made for designing high speed trains outfits having low noise pollution.
Results were applied to a Italian Railways Service train (ETR 500) future design..

Publications: Marretta, Orlando, Carley: “Boundary Element Formulation for Unified Analysis of High-Speed Trains”,
International Conference on Boundary Element Techniques 24-26th July 2007, Naples, Italy.

Marretta, Carley, Davi, Lo Bosco, Milazzo, Tesoriere, “Una Formulazione agli Elementi di Contorno per I’Analisi
Unificata Aeroacustica e Aerodinamica di un Treno ad Alta Velocita”, Rivista RFI, Anno 4, No. 10, pp. 121-135,
dicembre 2006.

1.1.6Patents and aircraft accidents investigations

a) Human cell master digital simulator for the cancer cell cycle proteins evolutions.

b) Digital feedback multi-nested platform for human cell cycle apoptosis re-entering.

c¢) Digital schemes and automatic procedure for identifying and removing signal artifacts arising from deep brain stimulations.

d) Investigator for the Italian Minister of Justice for a military aircraft mortal accident (1999).

e) Investigator for the Italian Minister of Justice for a military aircraft mortal accident (2000).

f) Chief Investigator for the Italian Minister of Justice for a civil aircraft mortal accident (2005).



1.2Research teams coordinating

On behalf the role of Chief of Coordination:

e Year 2007. Research Convention and Grant between the Department of Aeronautical Infrastructures and — Naval Center
Design Stabile: “Study and design of an innovative high performances hull.

e Years 2004-2006. Research Convention and Grant between the Department of Aeronautical Infrastructures (Italy) and
Centro Ricerche Cagivaa and MV Agusta S.p.A. (Republic of S. Marino) regarding: “A study of the gas and thermal flows
of the superbike MV Agusta F4 engine”.

*  Years 2001-2006. Research convention between the Department of Aerospace Engineering of Pisa (Italy) and the
Department of Aerospace Engineering of Palermo (ltaly) for multi-tasking computational routines in designing optimal
airfoil sections for low noise emission propeller; wing-blades aerodynamic interference and high performances veilings.

Years 1994-2001 Research convention among the Department of Aerospace Engineering of Pisa (ltaly), the Department of
Aerospace Engineering of Palermo (ltaly) and the Department of Mechanical Engineering of Bath (UK) for the design of ultra-
perfomance propeller for submariners silencers.

AMBITI DI RICERCA

The topics of the current research activities can be resumed in the following:

e CFD approach and modeling of 3D thermal/fluid dynamic fields;
e Active control of wing-flutter;

*  Simulation and investigation of aerodynamic interference;

e Active and digital aircraft control systems;

e Low-noise propeller design;

« Insilico simulation of cancer cell cycle



