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Mi Presento

Luigi Cascone — Socio Aeropolis

> Laurea in Ingegneria Aeronautica Politecnico di Napoli; in
AleniaAermacchi dal giugno 1980 al novembre 2012.

> Topics di carriera: Responsabile Avamprogetto Velivoli da
Trasporto Civili e Militari AleniaAermacchi Pomigliano D’Arco.

> Programmi: G222 Libia, A320, ATR42/72, R92/122, Anfibio,

Supersonico, AirJet Family, C27J, AIA Family, A400M, SSJ100,
NTP.

> Programmi di ricerca: VMA, VTA, Cryoplane, Awiator, Hisac, JTI



Introduzione

La filosofia di progetto di un nuovo velivolo ha subito
negli anni una radicale trasformazione.

Il mercato richiede macchine sempre piu efficienti:

=2 Riduzione del costi di esercizio

=Bassi consumi
=Manutenzione facile ed economica

= Migliore Impatto ambientale
= Maggiore confort per il passeggero

La propulsione permette di ottener per nuovo prodotto |
vantaggi piu rilevanti in termini di consumo e impatto

ambientale e quindi di costi operativi.



50 years of engine improvements
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Crescita del Traffico

Studies show that emissions can be limited by the help of new
environmentally friendly engines

- Prediction

Further reduction in CO, — emissions and fuel
consumption by

* advanced aircrafts (weight, aerodynamics)
* more efficient engines

* improved air traffic management (ATM)

1990 2010 2030



Requisiti

Commercial requirements for next generation of aircraft impose
significant challenges

Next Generation’s Commercial
Aircraft Concepts

- Noise features strong economic impact
= Noise and C02 Emission constraints have to be resolved together




The Problem of the Aviation Engine

Is the combination of power and lightness..........
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The Problem of the Aviation Engine

Is ......and reliability.
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Core Thermal Efficiency (n,,)

Efficienza dei motori aeronautici

Overall Efficiency (n, x 1]‘1]
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Efficienza dei motori aeronautici

BY-PASS RATIO & EFFICIENCY EVOLUTION

| i
- “~——— Turbojets
S ' Turbofans

Low bypass

[ ; .
Turbofans
H High bypass

Megh

l +Lower fuel consumption so

- Lower CO, "k-v

- Lower NO,

- Lower Cost GTE™ Engfne
Ultra high b}rpass_
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Trend di sviluppo per i nuovi motori aeronautici

Development trends for further aero engine improvements
Fuel burn, CO,, NO,, Noise

Increasing Bypass Ratio (Fan diameter)

Improved Cycle

* Enhanced OPR, TET

New Fan-Concepts 4 « Higher loaded core

®  Max. fowcapacity —
Min. speed

* High efficiency
* Reduced noise
Advanced Component Design
Maximizing Inlet * Further enhanced efficiencies
* Design for min. noise generation

Acoustic Liner Area . . A
More electric engine systems «  Enhanced component foadings

* El driven pumps ‘l\
« Starter generator

* Smart actuators )
#::i,,&: ;g;;gg Combustor Low Noise Installation
* Noise Absorbers

® LIP, LPP, Staged » Active Noise Control
* Chevron Type Nozzles
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Geared TurboFan GTF

The Geared Turbofan for maximum propulsive efficiency and
minimum noise

Geared Turbofan

BPR =12+
OPR = ~40-50

Low Speed Fan High Speed LPC & LPT
+ Geared Gearbox f Geared
2 \ Conventional ‘ E \ Conventional
s — Optimal RPMs for S
£ Fan and LPC / LPT b7
w o Geared g Geared
A Conventional A Conventional
i 2 3 4 5 6 7 8
Fan Noise — — Lower SFC Stage Count
Reduced Noise Level

Lower Emissions

Improved Efficiency at Reduced
Stage Count/ Costs

Improved Efficiency
Reduced Noise Level



GTF :Step change in efficiency

Conventional Turbofan Geared Turbofan Engine
ultra-efficient,
fan speed constrained by low compressor & low turbine light-weight, low compressor & low turbine
low pressure spool speed constrained by fan low-speed fan speed optimized

bypass airflow.
bypass airflow

2R R R

bypass airflow

bypass airflow

Incremental Improvement Step-Change Improvement

1 1 1

fuel maint noise
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GTF :Step change in efficiency

Resulting benefits from the Geared Turbo Fan Concept
Reduction of Fuel Burn Due to Lower Propulsion System Weight at Higher Bypass Ratios

_+ achieve lowest fuel burm . through lowest weight
5 ~ DDTF £
E ; DDTF
% GTF
FPH ,FPR Bypass Rafio of ~10 Fan Size

———

Larger fan and higher EPR w/o weight penalties
Fuelbum optimum moved to higher BFR

~ bigger fan size
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GTF :Step change in efficiency

Significativariduzione di emissioni
Pit del 50% di NOx rispetto ai piu stingenti regolamenti

140%

120%

100%

80%

60%

:
v ' :
3 {
) oed
.
ket

! yiA ! - | ; | ; -':' e : 1
LA {11 . { : . . s i ! g S X SY gy e
LA ] — s :
3
0% PurePower PW1000G

1984

00 2004 2008 2012 2016

15



GTF :Step change in efficiency

Riduce drasticamente le emissioni di CO,

A Greener Future

3,000 tons
Less CO,
Emissions

Current Aircraft GTF Powered Aircraft

". § »'ﬂ\
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Equivalent to Planting /()O 000 Trees per Year
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GTF :Step change in efficiency

GTF alrport nolse

Munich International Airport (MUC)

Today's Aircraft GTF Powered Next Generation Aircraft
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GTF :Innovative New Engine Design

Engine benefits

= Fuel burn improvement 16%

# CO, emissions reduced by 3000 Tonnes per
aircraft per year

= NOx emissions cut in half

= Noise levels of Stage 4 minus 20 dB
m 1,500 fewer airfoils

» Lower maintenance cost

= $1.5M annual cost savings per aircraft

The Comprehensive Approach to Economic and Environmental Operation
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GTF :Step change in efficiency

Necessita di una forte crescita tecnologica e di utilizzo nuovi materiali
per recuperare Il ritardo con GTF

& & & @

Open rotor

. Turbofans

High stage count (20+)
Big size and volume (LPT)
== weight

1

Ultra high loaded low spool (aerod.)
Mew lightweight materials beyond TiAl

High torque shaft for small cores
etc

Big Propeller diameters

Noise and installation issues
Geared vs. direct drive Propeller
Variable Prop. pitch mechanism
Certification criteria

Tractor or pusher architecture

& & & &8 = =

Weight [Ib]

- Only components which are differsnt between ATF and GTF ars sted

- For each BPFA: same cone, same cyde, same component effidencies 2 Y

#
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Bypass Ratlo/Fan Dlameter
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i @
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Take-off Thrust, Kib
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GTF Positioning

Current

Turbofan

: .
<+ 7

Open Rotor

¢

Moise Reduction

* GTF appears most promising for future civil aircraft propulsion;

* Noise and installation deficits may jeopardize the Open Rotor
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Next Generation Regional Turboprop NGRT

Design Objectives

20% fuel saving vs current fleet

Reduced Noise & Emissions (NOx, CO2) Minimum frontal area / Minimize drag

Platform for 70-100 pax
turboprop application
Built-in Growth Capability

Low cash operating cost

" Integrated Powerplant

2016 EIS availability
Reduced Maintenance Tasks

Alignment with aircraft
scheduled maintenance

Leverage Next Generation
Product Family (NGPF)
Technology

Reliability:
MTBUR: 1 event/ 50,000 EFH
IFSD: 1 event / 200,000 EFH

30% improved power/weight vs PW127 Durability:

15,000 hours on wing
15,000 cycles minimum LCF
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NGRT Design Objectives

Relative fuel burn

w--

-30 to -40%

Base TF

2010 2015 2020 2025
YEAR

2030
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NGRT Technology

Advanced
Low Emissions Airfoil Advanced
Advanced Combustor

Matenals

Cooling Turbine
Aerodynamics

Technology &
Demo Portfolio

More
Advanced

Compressor
Aerodynamics

Advanced
FADEC / Propulsion Gearbox
Control Systems Development
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NGRT Technology

Propeller

Advanced Coatings
Droplet/Particle Trajectory

and Impact Analysis.

Composite Blade
Damage Prediction

Advanced Composite
Weaving Techniques

- :v oV
’ # »
e

Quadrupole
CFD/Radiation Theory
o e e Technology &
S R | P i
) as= Demo Portfolio
Iced
Advanced Preloaded Performance
Retention Predictions
Cross sections deleted

Installed Propeller

CFD Analysis Cycles

Variable Timing




NGRT Technology

Accessories & Controls

New Heat Exchanger

Increased Engine Technology
Performance & Fuel Stabilization System

On-Wing Time

Blade
learance
Control

Technology & Demo
Portfolio

" Technology Development
to Mature Smart Electric
Engine Components

New CFD Tools
Cavitation

Pressure Pulsation

Torque Ripple
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NGRT Technology

Talon Combustion System

Conventional Combustor P&W TALON Combustor

Motivation:
To achieve Zunich 5 emissions standard using ROL

Predicted Improvement:

Improved combustor durability with sacnficial heat shield
Manufacturing process on laser dnlling

Lower UHC, CO, NOx and Smoke No.

Achieved 50+% NOx reduction over CAEPZ

Achieved Zurich 4 with TALON 1

Achieved Zurich 5 with TALON 2

Cross sections deleted Demonstrated Zurich 5 with TALON 3-X

T—

CFD Predicted Gas Temp & NO conc'n

| 2001 [ 2002 | 2003 | 2004 | 2005 | 2006 | 2007 | 2008 | 2009 |
A A A v - A A A A
PW305C TALON 1 TALCON 2 Design TALON 2 Demo PW307A TALOM 3Rig ATFI-2 TALOM X Design Rig as Gen
TRLE TRL3 TRL4-G TRL7-8 TRL4 TRLS TRL3 TRL4 TRLS
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NGRT Technology

Progress in Nox Reduction

Original Standard

scled s

Conventional

PW306

CAEP/4

PW4158
/

TALONI PW 4168
TALON I
Advanced TALON
Technology
l | | | [ |
1988 1992 1996 2000 2004 2008 2012 2014

P&WC has achieved over 50% NOx reduction using TALON technology
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NGRT Technology

Installation Design

Design For
LRU R& intainabil oA
S Maintainability Builder
by CATIA VS

Standard Tools

Removal Envelope Hand Tool Access

Maintainability

DMU and
Tnal Fits

NEEIEUIIEN Methodology

Integrated

Design & Tools
Weight System
Reduction
Integr.ated'
By Optimization
Clash

EBU Optimization Detection
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Next Generation Regional Turboprop
NGRT Reduction Gearbox

Double helical, offset first-stage (std. rotation)
First-stage support suitable for both rotational
directions with minor modification

Five planet epicyclic second-stage

Prop shaft free of gear loads

Drive shaft torque-meter

Reduced frontal area
Weight and drag reduced

81% more mechanical power within similar frontal area
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Next Generation Regional Turboprop

Integrated Powerplant System (IPPS)

Exhaust & Ejector

Propeller System
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ESFC

Next Generation Regional Turboprop

Best Iin class

ESFC vs ESHP 235k’, 300 ktas, ISA, Uninstalled, Min. New Engine

PW118/120
Seres pywq23/124
Series
% PW127 +35 to 40%
genes Power/weight
—
20%
ESFC NGRT:

5,000+ eshp thermo,
8 bladed propeller
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EFFICIENCY INSTALLED
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Propulsive Efficiency Comparison
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Propfan

Open Rotor Challenges

Increased Aircraft Weight
Pylon and shielding weight are major contributors

Increased Cabin Noise
Challenged to mit cabin
noise and vibration

PBR Protection
VTP & HTP structural mods for
Propeller Blade Release
protection will add weight
Ice Ingestion — " 4
Threat of wing root ice impact Prop/Airrame fiowfield impact on fuslibum
onPrOPan  yncreased Community Noise ....and installation issues...
SDMC$ Challenged to meet Stg 4 .
Maintenance
15 to 25% higher DMC ETOPS?
.75 Vs .8+ Mn Certification
Challenged to be ETOPS certfied
Operation atEIS

ATC Impact of lower fight MN
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