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PARE - Perspectives for the
Aeronautical Research in Europe

Assess the rate of progress relative to the 23 Flightpath 2050 goals and those which need greate
support, as well as make recommendations relevant to achieve those goals;

Compare with the progress outside the EU to assess the competitive/collaborative status;

o Identify and foster the participation of aviation and aviation-related stakeholders in EU research
and innovation activities considering, among other aspects, the potential for further contributions
from the acceding, candidate and associated countries;

PARE' Concept

Include technologies outside the aeronautical sector that could have benefit in aeronautics;

Focus on the significant potential to increase the participation of women, not only increasing the

number of engineers but also bringing additional complementary skills.
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Key challenges of a strategic research
and innovation agenda Flightpath 2050
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Comparison of long-term goals for environmental
Impact factors of aviation between ICAO Policy,
EU and USA Research and Development agenda

Environmental | ICAO Policy Goals (A39-Resolutions) EU ACARE US FAA and NASA Goals (NSTC2010
impact Goals 9 and CLEEN |1 till 2035)
factor from (FP2050
aviation till 2050)
Noise Limit or reduce the number of people perceived noise | 52 dB reduction relative to cumulative
affected by significant aircraft noise emission margin of ICAO/FAA Stage 4 noise
of flying limit (a 25-year goal, by enabling
aircraft is N+3 aircraft and engines)
reduced by
65%
NO, emissions | Limitor reduce the impact of aviation 90% reduction | 80% reduction in NO, emissions (for
emissions on local air quality in NO, cruise relative to 2005 best in class
emissions and for LTO relative to ICAO

CAEP/6 standard)

Greenhouse gas
emissions
and
fuel/energy
consumpti
on

Limit or reduce the impact of aviation
greenhouse gas emissions on the
global climate: a reduction in net
aviation CO, emissions of 50% by
2050, relative to 2005 levels

75% reduction
in CO,
emissions
per
passenger
kilometre

60% reduction in Aircraft Fuel/Energy
Consumption (CO, emissions per
passenger kilometre?) relative to
2000 best in class




The goals and action areas for Challenge 3 of
the ACARE perspectives

In principle for
Goal 9 the
Kol vehicle design
Improvements
are considered
i mostly (plus

andthe

energy supply s b | Ofu e I S)

movements are emission-
free when taxiing

-Europe is
established as a centre of
excellence on sustainable



Flight traffic scenario in EU till 2050
(Eurocontrol 2018 analysis)

IFR movements (Millions)
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In 2017, strong growth saw traffic back on the most-likely
scenario from the 2013 forecast of Eurocontrol



Predictions of fleet transition from current
aircraft to imminent/future aircraft 2010-2050

‘Future'Aircraft
EIS 2025-2040

‘Imminent’ Aircraft

EIS 2007-2020

A380, B747-8

A350, B787, B777X
A320NEO, B737MAX
C-series, E-Jet*, MRJ

Air Traffic Movements

Current Fleet

2010 2016 2020 2025 2030 2035 2040 2045 2050

Year



The EU Framework Program, with its
three levels and the intended research
objective

TRL TRL THI. THI. THI. THI.
1 2

Research dml Dpwlupmpnt I

Research, Technology and Deavelopment

TRL TRL TRL
7 8 9

Research, Technology, Developmeant and Testing

I |
Basic Knowledge -
Technology Feasibility

Technology Validation

Demonstration

Prototypes

EU Framework Programs (FP)

Level 1{Upstream research)

Level 2 (Integration, demo, validation)

Level 3 (Final demonstrators)

JT1 Joint Technology Initiative

« TRL scale was introduced into the EU funded projects arena in 2014 as part
of the Horizon 2020 framework program



Maturation Timeline for Technology
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Years to Maturity

Current THL

[IATA Technology Roadmap, 4th Edition, June 2013, IATA
Technology Roadmap, 4th Edition, June 2013]



Future technology improvements
could stabilize overall aircraft noise
exposure in the 2035 timeframe
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CAEP IEP2 Aircraft Noise Goals for
short-medium (2020) and long (2030) term

Reference

Mid Term Goal (2020 ) TRLE

Long term goal (2030) TRL6

Aircraft type cumulative margin| Bypass curmulative reduction EPNdB: Bypass | cumulative margin| reduction EPNdB: | Bypass
|EPNdB) v chapter| ratio margin (EPNdB)v | Total (BPR,NRT) ratio (EPNdB) v chapter 4| Total (BPR,NRT) ratio

4 /! \\\ chapter 4 )/ \ PN
Regional jet 4 /5.0 14 10.0(6.0,40 ) |/ 71", 21.5+4.0 17.5(12.0,55) |/ 9+1 \
Small-medium range ' ! ' \ i

5 150 22.5 17.5(12.0,55) [ 9+1 30.0 +4.0 25.0(18.0,7.0) !} 131
(turbofan) ! l ' ‘
Small-medium range : I e ———p - i —_
(CROR) 3 -] = = _ 7T =19 L -
Long range twin \ '
(Turbofan) 6 \ 6.0 22 16.0(10.5,55) | 10:1 {  28.044.0 22.0(15.0,7.0) | 13+1

' 1

Long range quad \ ' ' ! \ .

5 ‘5.0 22.5 17.5(12.0,55) |\ 921, 27.014.0 22.0(15.0,70) |~ 11+1,
(Turbofan) \ ! LK / \ /

A ‘\ /'

component noise reduction technologies (NRT).




BPR beyond the demonstrated level

of 9 (Environmental trade-offs
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Improvements |

Increase
Component

)

Drawbacks

Efficiencies

Increase engine
cost

| Increase

—1 Overall Pressure Ratio
% Temperature

Increase engine
cost and NOx

Increase
Bypass Ratio

Increase fan
diameter and
engine weight

MNacelle Definition

v

long duct

Min Dalta Fual Burn, % (Relative to Base Engine)

* Nacelle weight and drag as fan diameter increases

* Engine-out drag and consequent effect on tail control surfe
« Landing gear length for nacelle ground clearance

» Core size limitations and auxiliary bleed requirements

« Fan stall and stability control during extreme shifts in
operating line from sea level to cruise.

Increase aircraft

|
|
|
|
|
|
|
|
|
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|
|
|
weight and drag .
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Average (Cumul / 3) Margin to Chapter 4 (EPNdB)

Comparison of US and EU
research goals
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IEP2 predicted noise reduction target
versus US and EU research goals

Trend Line 0.3 dBlyear

Trend Line 0.4 dBiyear
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Dpf/Foo NO, (characteristic) - g/kN

110 ~

100

80 ~
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30 A

ICAQ certification standards via the
2016 MT & 2026 LT goals

Recent/Near Term Engine, Previous Review
and 2006 In-Production Certification Data

L1{5square): below 83 kM engine

A (Triangle) : above 89 kN engine _ - CAEPI2
¥ (grey Crosses) : 2006 in-production data L CAEP/4
Empty symbol : preliminary data later updated - —_ =

Blue: 2006 Review data
Green : 2009 Review data
Purple: 2011 Review data (Recent/nearterm)

-
- CAEPI6

D

/ CAEPI/8

Mid-Term Goal
2016 (45% £ 2.5%)

e — T D AT | ong-Term Goal
I — 2026 (60% * 5%)

104

0

"+ The MT goal for 2016 was agreed at 45% + 2.5%
below CAEP/6 at OPR 30, and the LT goal for 2026 at
60% * 5% below CAEP/6 also at OPR 30.
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2009 Review data with RQL (rich-quench-lean
concept) combustors in grey and new mid-

Dp/Foo (characteristic) - g/kN

OPR engines.
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Single Annular Combustor (SAC)
« Rich burning (tech insertion)

* Nostaging
.."} — « 75% of CAEP/6 NOX Doub.lef:::tl;ri?:gbustormhd

« OPR~30 . " " "
* Radial & circumferential staging  1yin Annular Premixing Swirler [TAPS 1)
+ 65% of CAEP/6 NOX + Lean burning

ﬂ * Staging within swirler
l I I l I « 50% of CAEP/6 NOx
* OPR~43
15 20 25 a0 a5 40

Engine Overall Pressure Ratio




Single Annular Combustor (SAC) NP »- i

* Rich burning (tech insertion) oo
* Nostaging

* 75% of CAEP/6 NOx

* OPR~30

Double Annular Combustor (DAC)
* Lean burning
Lower - Radial &circumferential staging
* 65% of CAEP/6 NOx

NOX - orr-30

Iwin Annular Premixing Swirler (TAPS 1)
* Lean burning

* Staging within swirler Takeoff
* 50% of CAEP/6 NOx l
* OPR~43

TAPS Il (FAA CLEEN, NASA N+1)
* Lean burning
* 40% of CAEP/6 NOx

s :
Q ks

Pilot + Main

~ pilot

* OPR ~40
NASA N+2 (TAPS)
* Lean burning Scalable :
* 25% of CAEP/6 NOx technologies ’S Cruise
* 45+ OPR
.E i o
&
% Approach
= i
= - :
I
I
|
I
Engine thrust

« Controlling temperature with Lean-Burn is key to minimizing NOXx: the
TAPS combustor will provide even more significant reductions as shown
in Figure during high altitude climb and cruise conditions, where
approximately 90% of NOx emissions are emitted.



ACARE em

FORUM-AE assessment against
ISSIONS goals

ACARE 2020 Goals ACARE 2050 Goals
Reference 2000 (at TRL6) (at TRL6)
High Level detailed (SRA) High Level detailed (SRIA)
aircraft & engine:
" aircraft: -20% to -25% . ¥
-50% per . -75% per -68%
co2 S engine: -15% to -20% S ATM: -12%
ATM: -5% to -10% -
Other:-12%
CAEP Certification Limits with Industry and Re rch
NOX engine: -60% CAEP6 ; engine: -75% CAEF o Progmrmme Targets
(LTO) Representative "-BO%" complement achieved "-90%" complement achiew CAEE
technology of by aircraft + ATM aircraft + ATM
120
NOx aircraft & engine Achieved through -50% Achieved through -
(Cruise) with 2000 EIS, & "-80%" Fuel Burn & -60% cruise "-90%" Fuel Burn & further ¢ CAEPI2_ 4
representative EINOx reduction EINOx reductior 2% = //
2000 ATM . - X -y ?
emissions qualitatively | , . % -~ 2%
; ) . emissions- | knowlegde of emiss & L= '/&mamo
damaging | reduced (particles, CO, o ) 3 //
Other . free taxiing (particles, VOC) a = / To00
o emissions UHC) and better L e / - o
emissions N , +qualitative | better understandir @eo e
reduced understanding of ) ) 5 / .
_ reduction impacts g s e
impacts ECAEB(/ _— ol
OZO _ - /‘(_/-ﬂ[ 60%
g CLEAN GTF -
RR likely I;}:‘}'-—- — :-_;/ e
\  bum (max)‘),-f//‘/? ‘r)(
20 = " I = B V1
TAHS GFM | .r-T-—-\E'MLo"x_
— =2 o Annipe -60% (ACARE - IE estimatg
-65% (UEET) of Engine portion (15-20%])
0 {80% (ACARE - As stated)
20 25 30 uedforr 40 45 50
[

It is important to recall that the ACARE objectives should be achieved

through: a) aircraft technology, b) engine and combustion technology,
c) ATM and flight optimisation.



Aero-engine optimisation trades for

new engine design

Low Fan Pressure Ratio
B W\
c ()
|5 el 6%1 /d. P L . Lines of
I.|=.I b ol .l at PSSty Constant
@ ¥ / Raryg oo Fan Pressure
& % Ratio (FPR)
Q Min OPR. ‘\-‘ B ) —
g // 1-3% "'hq...z\“—-h ‘V*y .
- i oy | et A Lines of
5 fUnhex pig-omveiais ~ e - , Constant
o Y ~FBOPRY |/ 63/ =% o
- {/ A N\Ai‘é&‘h Pressure
© . . T3RL,,, LS :
< Min Noise (mai opR)I / df? \,@‘o‘ Ratio (OPR)
8 (mirj FPR) ) 9%

Min GO,
15-30%
€ | >

LTO NOx, %(Relative to Base Engine)

Figure demonstrates the trades driving new engine design with
respect to optimum fuel burn (CO2), minimum noise (by minimum
fan pressure ratio FPR) and minimum NOXx (by minimum OPR).
The difference in LTO NOXx levels between the best design for low
NOx and best design for low CO2 can be up to 30%. Also, noise
reduction obligations for new aircraft as introduced at some
airports can lead to a divergence from the optimum engine design
for lowest CO2



CO, & Fuel Burn Trends from
International Aviation, 2005 to 2050

5000 ~ ——Baseline Including Fleet Renewal
[ | Contribution of Technology Improvements
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*Actual carbon neutral line is within this range
Dashed line in technology contribution sliver represents the "Low Aircraft Technology Scenario.”

Note: Results were modelled for 2005, 2006, 2010, 2020, 2025, 2030, and 2040 then extrapolated to 2050.
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Clean Sky concept aircraft

Clean Sky concept aircraft Co,

High Sweep bizjet aircraft, HSBJ 2020 -19%

Regional Turboprop aircraft, TP90 2020 -30%

Regional Geared Turbofan aircraft, GTF130 2020 -21%

Short-Medium Range aircraft (CROR engine), APL | -34%
2 2020

Long Range aircraft (Advanced Turbofan), APL3 20 | -18%
20

Twin Engine Heavy rotorcraft, TEH 2020
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FORUM-AE 2015 assessment of
progress towards ACARE 2020 goal

100% Completion level for CO2 & NOx Goals
90%

80%

TRL6 to be covered by new projects

70%
60% . )

B TRL6 foreseen by ongoing projects
50%
40% .

B TR6 achieved
30%
20%
10%

0%

LTONCx Cruise NOx




Estimated excess CO, emissions (kg per flight)

0+

Aircraft CO, emissions reduction

2012 013 2014 I rl
m En route phasa m Climb and descant phases W Taxi-out and taxi-in phases u CD.E { m IJHSE}

Estimated excess CO, emissions per | = NOx (DP/T00)
flight are decreasing in taxi, take-off,
climb/descent and en route phases

2000 2020 2035 2050

ACARE CO, & NOx goals calendar (using CAEP6 margin for NOXx)



Global aviation CO, forecast with

ACARE assumption

4000 ~5.5%
_JICAO vision
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o A CARE 2050 vision
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s 1500 |
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Preliminary TRL assessment for
Goal 9 of Challenge 3

Manufacturing/Supply Chain_,-- o

Tech

e I'. T !

nology

~Product Development

“ /7 Product Definition/Design

.."énmpetitive Landscape

« NYSERDA (TRL/CRL) Calculator results for analysis and
assessment of ACARE Challenge 3 Goal 9 “Reduction
of Noise and Emissions” (mid-term goals)




Preliminary recommendations
from PARE project

* 9.1: Support a broad research effort to
reduce aircraft noise (a) at the source (b)
through operating procedures and (c)
taking into account psychoacoustic effects

« 9.2: Besides struggling with short term
solutions to an increasingly pressing noise
problem a modest effort should be made
towards a long-term definitive solution:
aircraft in audible outside airport
boundaries



Preliminary recommendations
from PARE project

* 9.3: Formulate a set of trade-offs between
(a) different types of emissions (COz2, NOx,
particles and water vapor) in (b) local
airports and global cruise flights.

* 9.4: Besides struggling with short-term
emissions problems put a modest effort
towards a long-term definitive solution: the
hydrogen and electric powered aircratft.



Preliminary recommendations
from PARE project

* 9.5, To renovate coordination efforts for all
specific subjects of the dominant
environmental problems:

- X-Noise
- FORUM-AE
- CORE jet fuel

- 9.6. PM-emission should be included In
goals like NO, and CO,



Action area
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