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DIGITAL TWINS

AEROSPACE From the drawing board to the Digital Twin: 40 Years in aerospace engineering

From the Flyer...|| 120 years ...to the Raider

...B21 Raider (First Flight 2023)

The Flyer — First Flight 1903...

LA S A1
.'j ‘!!‘!l ‘.; . -L" , !.A
o “‘w"‘.r \-‘.. Loy

https://news.northropgrumman.com/ne&s,lrel.ea.nes/northrop—grumma n-and-the-us-aik-force-

ifitroduce-the-b-21-raider-the-worlds-first-six@lh-generation-aircraft
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AEROSPACE From the drawing board to the Digital Twin: 40 Years in aerospace engineering

Aerospace timeline: from 1903 to now...
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Computational timeline: the analogic era...

From the drawing board to the Digital Twin: 40 Years in aerospace engineering

The Digital Age
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AEROSPACE From the drawing board to the Digital Twin: 40 Years in aerospace engineering

A|rcraft heritage from the “analogic” era...

s flightglobal.com

FlightGlobal Q

CH-47 Chinook production be
stretched to 2025 using foreign
Boeing sales

Last Boeing 747 rolls off line

after half a century of
production

By Garrett Reim | 13 March 2020

Lockheed Martin
Marks Delivery of

500th C-130J Super
Hercules

Posted on by
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From the drawing board to the Digital Twin: 40 Years in aerospace engineering

Computational timeline: the start of the Digital Age
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Engineering environment in the "80s...

From the drawing board to the Digital Twin: 40 Years in aerospace engineering

5 LT

&
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Authors timelines —1983...

From the drawing board to the Digital Twin: 40 Years in aerospace engineering
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'talian Aircraft Masterpiece from the "80s...

From the drawing board to the Digital Twin: 40 Years in aerospace engineering
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Witnessing an “analogic” configuration development process: P.180 Avanti WTT models

From the drawing board to the Digital Twin: 40 Years in aerospace engineering

Jet-like speed
Comfortable cabin
Turboprop cost

Utility
Aircraft

P.166 - 1957

Bigger cabin
Higher payload
Less drag

Transonic

speed
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P.180 Avanti — the fastest civil turboprog

From the drawing board to the Digital Twin: 40 Years in aerospa

P.180 Avanti (certificate 1990)
MTOW 11550 lbs
M 0.67 - 388 knots — fastest propeller driven civil AC
FL410
Laminar Flow Wing
7-9 passengers — Best in class cabin
Twin Turboprop 2x850shp less -30% fuel vs. Jets
Range 1520 Nm
Production >250...
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Upgrading a flying masterpiece (with no damages...): P.180 Avanti Il and Avanti EVO

From the drawing board to the Digital Twin: 40 Years in aerospace engineering

P180 Avanti |l P.180 Avanti EVO
* Certification e Certification 2015
2005 * Additional range
* Increased * Reduced Certified
payload Community noise
(+MTOW, level
+MZFW) * Improved climb

* Enhanced perfo:
MO0.70 -402knots

* Digital avionics

e Simplified
airframe

* New interiors

* New Landing
Gear
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P.180 Avanti Low Noise Exhaust optimiza

From the drawing board to the Digital Twin: 40 Years in aerospace engineering

Original conical exhaust
.

Pusher propeller, exhaust

flow impact prop blades

PROs:

No anti-ice system
Cabin quiet and comfortable

CONs:

Airflow on blades «disturbed»
by exhaust
Significant noise signature

A. Maglione — U. Cella - Digital Twins 4 Aerospace - CAE modelling of future mobility - University of Rome “Tor Vergata”, 14 Dec. 2022

jon: how to shave 6dB of com

CONs:

«Bean-shaped»

Low noise exhaust —
PROs:

Low noise
Similar anti-icing perfo

High turbine back-pressure
Lower thrust from exhaust

DESIGN THEME
How to redesign exhaust
stubs
1. minimize impact on

propeller blades
2. without jeopardizing

aircraft performance
and certification.

unity no

,__‘
A

* Cooler, slow speed airflow.

* Larger Enthalpy Head by the turbine
* Lower nacelle drag

CONs:

* Manufacturing complexity

T

SOLUTION
Louvers ingesting nacelle boundary layer flow inside the
duct
PROs:

Ise
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P.180 Avanti Low Noise Exhaust optimization: how to shave 6dB of community noise

From the drawing board to the Digital Twin: 40 Years in aerospace engineering
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P.180 Avanti EVO 2015: winglets

From the drawing board to the Digital Twin: 40 Years in aerospace engineering

P.180 winglet design

case critical for:

1. Flight Control
System Muscular
Power only

2. High aspect ratio
wing

3. Wing slender box
with heavy power
plant mass
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P.180 Avanti EVO 2015: Aeroelasticity analysis

From the drawing board to the Digital Twin: 40 Years in aerospace engineering
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AEROSPACE From the drawing board to the Digital Twin: 40 Years in aerospace engineering

P.180 Avanti EVO 2015: Flexural Modes/1
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AEROSPACE From the drawing board to the Digital Twin: 40 Years in aerospace engineering

P.180 Avanti EVO 2015: Flexural Modes/2
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P.180 Avanti EVO Winglet: Wind Tunnel Tests

From the drawing board to the Digital Twin: 40 Years in aerospace engineering

P.180 winglet Wind Tunnel Test

campaign:

* Full scale test article, with real
production components, in o &
B:

* \Validation of

1. Aileron Hinge moment

2. lce accretion influence on
safety and pilot-handling

P.180 winglet close proximity to
aileron with purely muscolar
command define an unique
design challenge for functional
and safety cases:

1. hinge moments (a0 & 3)

2. Ice accretion w.out anti-ice
3. local vortex in the gap b.twn
fixed structure-movable
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Piaggio Aero Wind Tunnel Test facility

Proprietary Wind Tunnel
Test facility in Finale
Ligure was essential in
the Piaggio Aero design
history, since P.8
seaplane

From the drawing board to the Digital Twin: 40 Years in aerospace engineering

e Continuosly updated
and upgraded during
the years, WTT was
estremely useful for
analysis at low
Reynolds

* WTT was
decomissioned
Dec.2014, following
the shut-down of the
L\ . ). " ' B | , Finale L. Plant.

e .:. : . ‘ £ | \ * The last WTT task

i WYY - ' ' was P.180 Winglet

Designed by Giuseppe design validation
Gabrielli (1903-1987) in
1928, with an open flow https://www.treccani.it/enciclopedia/g

- - i -gabrielli_%28Dizionario-
configuration shared spaces ::Iieg'::;c(gf/;;e/ _recsbizionario
with production dept.
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AEROSPACLE
Transonic Natural Laminar Flow wing design

Laminar Flow MMO 0.70 Laminar Flow MMO 0.80
- Experimental testing in transonic wind tunnel tests at

flight Reynolds

23.5°C

Lower side

Laminar
region

Skin_friction_coeff.
0.005
0.0045

0.004
0.0035
0.003

0.0025
0.002

| | 0.o01s
0.001
0.0005

Infrared visualization of laminar flow

Shock developmentin off
design conditionand
interaction with boundary

layer
Upper side
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AEROSPACII?S From the drawing board to the Digital Twin: 40 Years in aerospace engineering

P.1XX —Business Jet

P.1XX Business Jet
Studies for a family of jets in the Midsize
category - 2006-2010
MO0.82-0.85 - FL430
MTOW up to 34.000lbs
Range up to 3800Nm

Double Club seats arrangements
\
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P.1XX - High lift performance analysis ...

From the drawing board to the Digital Twin: 40 Years in aerospa

one — U. Cella - Digital Twins 4 Aerospace - CAE modelling of future mobility - University of Rome “Tor Vergata”, 14 Dec. 2022 24
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... and improvement

Multi objective airfoil optimization

From the drawing board to the Digital Twin: 40 Years in aerospa

* ‘0? %
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P.1XX - Wing-engine-fuselage installation and interference
analysis

From the drawing board to the Digital Twin: 40 Years in aerospace engineering
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AEROSPACE From the drawing board to the Digital Twin: 40 Years in aerospace engineering

P.1XX - Wing-fuselage interference correction

A. Maglione — U. Cella - Digital Twins 4 Aerospace - CAE modelling of future mobility - University of Rome “Tor Vergata”, 14 Dec. 2022 27
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AEROSPACE From the drawing board to the Digital Twin: 40 Years in aerospace engineering

P.1XX - Optimization of winglets

Parametric
CAD model

Solut|on evaluation

Optimizatio
ONVErgence n algorithm

P ' = .--_————_-_--——'___

AN

A. Mag I|one\\U Cella - Dlgi\a \T |¢ /Aerospace - CAE modelling of future mobility - Umver@or Vergata”, 14 Dec. 2022
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P.1XX - Fluid- struct

Interaction

Undeformed —

Deformed ]

Experiments = |

From the drawing board to the Digital Twin: 40 Yearsin aerospace engineering

——

CL

Alpha [deg]

Wind tunnel model v
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P.1IHH Unmanned Air System Medium altitude Long
Endurance - Intelligence, Surveillance and Reconnaissance

From the drawing board to the Digital Twin: 40 Years in aerospace engineering

P.1HH UAS MALE ISR
2010 - xxxx
MO.70 FL410
MTOW 16.500lbs
ENDURANCE - 16H

P.1HH DEMO First Flight
https://youtu.be/C2ovflw29nM
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Seagull - Study of innovative solutions for seaplanes

From the drawing board to the Digital Twin: 40 Years in aerospace engineering
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WE-X - Studyofmn t e seaplane for Firefighting

o

From the drawing board to the Digital Twin: 40 Years in aerospace engineering

w e

Work in progress...
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From the drawing board to the Digital Twin: 40 Years in aerospace engineering

Thank you for your attention
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