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TURBOFANES AVANZADOS : Tendencias
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Evolucion de los motores de reaccion

Aumento de la potencia/peso (Empuje/peso) y disminucion del consumo especifico de los aerorreactores
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Over 70% efficiency gain in the
past 40 years
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Y ademas : reduccion de emisiones y ruido
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Todo ello con un aumento de la fiabilidad

Ejemplo de evolucion : RB-211 —Familia Trent

Low Vision 5
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Increasing confidence, reducing risk
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Y un aumento del tamano de los motores

Svoboda C. Turbofan engine database as a preliminary design tool. Aircraft Design 3 (2000 17-31
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Claves de la reducciéon del consumo especifico

peed V
Fundzmentzals: SFC Fllghlspee __ "0

Tnermal efficiency X Prapulsive efficiency n p MM

Thermal efficlency X Propulsive efficiency —max
Overzll pressure Component Turbin'eentry Turbine entry Bypassratic
ratio (high) efficiency temp (high) temp (low) (high)

(high)

Practice: e Highercooling & e Conflicting ® [ncreased pod drag
sezling airflows requirements e nterferencedrag
e Higher offtake e Operational ® [ncreased powerplant
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e Moredifflcult
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reteation

Elementos clave del consumo especifico
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La reduccion del consumo especifico se obtiene por :
»Mejora del rendimiento motor y
»Mejora del rendimiento propulsivo

»La mejora del rendimiento del
ciclo se puede obtener,
aumentando la relacion de

compresion global y la Thermal Mach0-8, 35000 ft, ISA
temperatura maxima del ciclo, la . »r km‘“""f “‘

R 2 Turbojets <0
cual esta limitada por los LEAHELE s

S

T

materiales disponibles y las 10
técnicas de refrigeracion.

También mediante la mejora de la LT
eficiencia de los componentes.

»El rendimiento propulsivo, 06
mediante un cambio de

configuracion (turbofan) y en el 04
turbofan, disminuyendo Vg,
bajando la relaciéon de
compresion del fan y aumentando
la relacion de derivacion

»El aumento de A y disminucién 40 50 & 0 ga %0 100

conlleva aumentar G/E Propulsive efficiency
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Aumento de 1y, Y 1, =——aumento de n,,, disminucion de Cg

Overall Efficlency
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Rendimiento motor funcion de relacion de compresion global y temperatura maxima
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Materiales y refrigeracion (T ,,)
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Mejora del rendimiento de componentes (ejemplo)

Mach0-8 cruise
54~ 82%
1
/
52" 'o‘
+15%, Overall companent /
polytropicetficiency
50 b
Thermal 2
efficiency %
48-
46+
44 -
1800 2200 2600 ‘¢
42 i : 7 : [ : 1
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Cruise turhine entrytemperature
Effect of component efficiency on thermal efficiencs
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Ejemplo de mejora de eficiencia de componentes :Alabes de cuerda ancha

Causeolloss  Researchaclivity  Averagedlossreduced:

from% to%
\\ ™~ Secondaryloss  Controlied clearance
tip geometry 0.75 05
- i e Shock loss Oblique shocks 4.0 35
Clapoerloss Remove: wide chord 15 0
Profileloss Improved diffusicn 25 20
. Bladeboundary  Improved diffusion 0.75 05
Jg layerseparation  py ¢ symercritical
Roct 100% outlet guide vane 25 1.5
Clappered Radialefficiency 120 8.0
blade
Polytropicefficiency»  88.0 920

Component efficiency loss distribution and
research activity - fans
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Ejemplo de mejora de eficiencia de componentes :Alabes de cuerda ancha
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~ =

Seccion del fan
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Ejemplo de la influencia de eficiencia de componentes sobre el rendimiento motor

THE THERMODYNAMIC DESIGN OF A

CIVIL JET ENGINE

Effic
Datum engine (TTT=1800/OPR=80/FPR=1.6/ BPR=13.1) | 41.6 %
+Fan efficiency +1 % +0.4
+ Booster efficiency +1 % +0.1
+Compressor efficiency +1 % +0.5
+Combustor pressure loss —1 % +0.1
+Turbine etficiency +1 % +0.5
+Metal temperature +1 % +0.1
Summary (FPR=1.6/ BPR=15) 43.3 %
Ideal engine (TTT=1800/OPR=80/FPR=1.6/BPR=20.1) 53.0 %

Valores tipicos del rendimiento motor en los turbofanes actuales: alrededor del 50%

Gregorio L. Juste (ljuste@aero.upm.es)
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Influencia de la eficiencia de componentes sobre el consumo especifico

RB 21| PERFORMANCE EXCHANGE RATES
( TvPicAL, RounbED )
CHANGE A sFc Y ATET *°K
(cmuisg) (TAKE —oFF)
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CoMBusTion PEESSURE Loss — | Y, AP/p — 0:-385 - 25
HP TurRBINE EFFiciENCY + 1 %o — o 4do -—2.5
IP TURBINE EFFICcIENncY = 1% — ©o-2o —_ 1.0
LP TURBINE EFFIiceEncy S i -~ O -bo - R
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HPTURBINE ZLADE coouma AR — | 7 ~- ©:-25 - s-s
NeTe s I. ExcuAnag RATES FfoR DIFFERENT RE 2\ TYPES ARE S AL
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TYPIcCAY S0% LARKGER AT HoOoLD CoNnDITIONS |,

3. INcegAasgep cooLinvg AIR MAY AlSo INFLUENCE TUuRBINE EFFIGENCY,
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Rendimiento propulsivo

GE36 Unducted fan

Cambio de configuracion

Efficiency
Contretan
design pressure rato 1.34 Dkt
v 100
§35E4 wide chord fan wil.
design pressure ratio 1.76
8o}
Propeller ek £o Model
Efficiency ;o] 1950's
: ' : 1 = = %
600 800 1000 1200 1400 1600 sol
Tip speed ft/sec
Comparison of Contra-Rotating Ultra High Bypass sol
Ratio Fan with RB211-535E4 Wide Chord Fan 0.5 5.6 5.7 0.8 0.9

Cruise mach number
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LIMITACIONES AL CAMBIO DE CONFIGURACION

Aumento de A : aumento
de diametro, disminucion
de vueltas del fan y en
fanes convencionales, de
la turbina de baja

— Wih coniventional naceile drag

2 4 s H 1 A 2
Effect of macelle drag on cruise SFC
T23 Optimo para cada T4t € =88%
Tedricamente el rendimiento propulsivo crece con A, En los turbofanes valores tipicos de A de 7-8
proporcionan rendimientos propulsivos del 80%.

Gregorio L. Juste (ljuste@aero.upm.es)
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EXAMPLE OF CYCLE PERFORMANCE IMPROVEMENT

0.8 M35 kft/Crulse

ASfmae s
R x
et Shroudless Fan, v, 10% TSFC
*, ReducedTIp Speed .
‘1 w l. 084 ‘\
.y ~ N R -
o N,
™, +20% OPR e 3

g | s [#200°FT4 .

™ N

‘\ "“ ‘\ 8%
A Core Thermal Efficiency \, ™,
- phprer 3% — ~ Sy \
7= featadded “\‘. . 6% Y
" = ™,
; Improved ™, LY
Z% —~_ /components ™, ‘:% .
s“‘ ““
1% = \\‘2\% ““\ “‘b‘
\‘ \“‘ *-\\
Current PW4060 L .
0 4 ™, =

1 | |
0 1% 2% 3% 4% 9% 6%

A Propulsive Efficiency
_ thrust
"e= core power

Gregorio L. Juste (ljuste@aero.upm.es)
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Resultado: situacion actual

20
Trent
PW4056 dE90
40 - PW2037 (FADEC)
* PW4083
CF6 V2500
TF39 . CFMS56
30 - ! RB211 (Composite fan)
¢ JI9D (High bypass)
e JISD
20 - .
P JT3C (AxX compr)
10 -
0 | | | | | | |
140 1950 1960 1970 1980 1990 2000 2010 2020

Year
The engine efficiency has increased a lot
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Situacion actual

GE

Com PUSItE

fan case

Material improves
strength, is comosion-
free with lower weight
than metal

CGMPGSitE
fan blades
Designed for fewer
paris, greater
efficiency. lower
noise and most
resiliency

E.T.S. DE INGENIEROS AERONAUTICOS

Booster
Debris
rejection
system filters
air fo reduce
downsiream
WEEr

UNIVERSIDAD POLITECNICA DE MADRID

aircraft engine

Com pressor
Advanced
aerodynamics and
high comprassion
improve fuel bum
with fewer parts

Combustor
Bums fuel at lower
peak temperatures
wihile delivering
our lowest
emissions

High
pressure
turbine
Advanced alloys
and coatings
withstand heat for
long life and retain
performance over
time

@imm nawere GENX €ngine in 2008 will mark the introduction of
generation of large engines for commercial aircraft

Low prassure
turbine

Fewer, more efficient
paris and durable
materials meaan less
waste and better
performance

g

GE — Aviation
GEnx Owverview
March 2008
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Situacion actual : Objetivos

Crecimiento del trafico aéreo: esta previsto siga creciendo alrededor del 5% anual
(western-built commercial jet fleet®)

10.000
More than 70000 engines until 2030

_ - - 32.000

E 8.000 Aircraft flee o

- 1 T 24000 E
23 6000, Sept. 11/ SARS -3
ED . Iraq 1 ®|s
= i 16000 2 5
< g 4.000 - gL

a 4 E

5 | E

g 2000 s

historic development predicted development
5 of air traffic capacity of air traffic capacity -
1990 1995 2000 2005 2010 2015 2020
* business jsts and wbopmpe eciuded

Air Traffic Development.

Objetivo : Reduccion de costos =)

Gregorio L. Juste (ljuste@aero.upm.es)
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COSTOS: 2000 NM Mission - 50 Cents / Gallon Fuel

Aircraft
System

Airframe
Interest
19.9%

» Goal: 50% Reduction in
Engine Cost of Ownership

Airframe
Depreciation
23.3%

Las tecnologias avanzadas
de motor estan enfocadas a
obtener minimo consumo
especifico, reduccion de
costes de fabricacion y

AF Maint.
5.2% i Engine .. .
s s c gt lled mantenimiento y reduccién
229 Land\ gpgine  Engine  5.5% ontrolle
Fee \ Maint. Depreciation Costs de peso del motor

Fuel Cost Influenced
by Drag SFC and Weight

Influenced by
Manufacture and
Assembly Costs

Depreciation

28 5 Interest
a 0

24.5%

Assumed
Proportional
to Cost

Engine Cost of Ownership Model

Gregorio L. Juste (ljuste@aero.upm.es)
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Y reducir el impacto ambiental de las aeronaves

Limitaciones de contaminantes, NOx, CO, HC y efecto invernadero CO,

Sustainable Aviation

140 B g3
ICAO 95 " I _ 0
120} B e Aviation accounts for about 2%
ICAD 96 O PW4000 ..
g 100k ,..:}'/:: i of total man-made CO, emissions...
- ._ //? g *  CRM.SE
g . — i % Enorgy » g Variation
3 pe o V-2500 &0 v hetween studies
P A* : A CFES0
B= o . . 3% T, & CFE80 40 .
Y il & Fw
—+ SELL B ﬂL-Conceth- : RE-211 30 Industty  Road
: RS (e o0 - yaific Other
204 el — Other  sources
CAEP/3 b zun?m P ath > 9 msr;u::
» all engings from . Mot agopted ressuraratio 2
CAEP/4:new engines from 2003 Technology target 2020 3 fistion )

e ... aviation also contributes 8% of global
GDP and supports 29 million jobs

shdes by courtesy of Aurbus  ASD Convennon, Barcelona 5 Oct. 2007
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Limitaciones de ruido

Mo. of Alrports with Nolse Restrictlons

@
i

158 g f=i="*-14
Todad morambeaer s -
Thameo! LUISATNTT IO
Eursysaa: &g o The Boakng © ’
Asda 47 E5E auports b chorts b | 200

Airpant Neoise Restriction RDevelopment.
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Ejemplos de objetivos

EXAMPLE:

,ﬂ,jrbug fa rggfs 30% reduction in energy consumption
for industnal 50% reduction in CO, emissions
EPE I3 tm ns -"5' }' 50% reduction in solvent emissions

50% reduction in waste production
2020 g .
50% reduction in water consumption
v 80% raduction in water discharge Strategy for the next century ...
Cleaner, Quieter, Faster, Affordable

Fuel burn 20%
Emissions (NOx) 85%

Noise 55%

Cost of ownershi.%

Reliability 50%

Gregorio L. Juste (ljuste@aero.upm.es)
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g Defining Technologies for the Next Willennium T
Goals and Payoifs - Propulsion System

GOALS PAYOFFS

» 10% Reductionin Fus Bum * » Reduced Greenhouss Gas Emizgione
» Reduced Cost of Travel

» Reduced Dependence on Fozeil Fusle
« Coneervation of Honrenswsble Energy

« ~3% Reductionin HO., CC, and HC** | « Improved Air Guality 2round Airporte
» Reducsd Depletion of Cezone Layer

« % Reductionin Cwnerehip Coste® » Reduced Costof Travel

« Improved Safety and Reliabili

« Improved Aiding Customer Sovency
« Improved Airport Throug hput

« 1% Reduction in CC; Emisgione * » Reduced Greenhouss Geess
« M dBE Reduction in Moigs **= « Guister Meighborhoods sround Airports)
Increased Traffic Throughput
« 3% Reductionin In-Flight Shutdowne |« Improved Air Sefety Ezesof Travel and Improved
and Enging-related Delaye and Airport Through put

Cancsllations *

« X Increses in Thruat ! Weig bt * « Incressed Renge !/ Paylosd or Reduced Fusl Bumn

* el 101590 See-od-eAel Dol Aol
= el 0 GAD Regeiemests
S R DO A, SR T

ST P stamanle T et i S0

Gregorio L. Juste (ljuste@aero.upm.es)
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Actuaciones :

Ejemplo de acciones tipicas para mejorar el consumo especifico

Higher propulsive efficiency

o Unconventional configuration to minimise nacelle
drag allowing higher optimum bypass ratio

Better component efficiency

® Furtherreduce turbomachinery blading losses by
application of 3D viscous flow techniques

® Materials development to reduce hot end
parasitic losses

® Remove LP shaft to allow low hub/tip ratio,
high blade speed and hence higher efficiency
gas generator core

Performance Strategy for Next Generation
Turbofan Englnes

Gregorio L. Juste (ljuste@aero.upm.es)
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1999 Baseline

A

Bypass Ratio, T41 and Thermal and
Advanced Seals Propulsive
Efficiency
Cycle Pressure Ratio and 4.5%
Component Efficiencies
X Total Fuel
Lightweight Structures Burn Benefit
: 10%
Thrust/Weight

Turbomachinery Cycle Effects Ratio *
5.5%

Advanced Materials

Design Tools \) \)

! “Rubber” Aircraft Benefit ** l 2010 EIS Demonstrator Goal

___________________________________________

“\ * Based on “Fixed” Boeing 777 @ 3000 Nm Range

* Based on “Rubber” Boeing 777 @ 3000 Nm Range
Gregorio L. Juste (ljuste@aero.upm.es)
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g Defining Technologies for the Next Millennium ey —
Cycle and Configuration Comparisons with Current Engine

Equal Thrust Size Comparison

Top View: 21st Century Configuration - BPR =10, PRoweran =60 Class

Swept fans —>
“*{:.-.H .

Bottom View: 1999 Baseline - BPR =8, PRoveran= 40 Class

TR -l T 29 ol S0

Gregorio L. Juste (ljuste@aero.upm.es)
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New Fan-Concepts: Swept Fans

Gregorio L. Juste (ljuste@aero.upm.es)
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GE90 Swept Fan Blade Feature...

demonstrated world class fan flow and efficiency

High-Flow Swept Blade

\

Radial Bladj‘

2 points

Fan Bypass Efficiency

Fan Inlet Corrected Flow

0.6% lower fuel burn on short/ medium range routes
$8.9M/ aircraft NPV for a typical 777-300ER operator

Gregorio L. Juste (ljuste@aero.upm.es)
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Alternativas

Remover el eje de baja : permite diseinos del compresor de alta con ri/re mas bajos,
mejorando el rendimiento del compresor de alta : Turbofanes paralelo

— /N1

siz 1- f E’;\
[jilgL}*f%ﬁqﬁnw___ﬂ.' L q ’///)

Ultra-high bypass ratio mid fan comcept

7523:40:1 A=6.5 T4t=1720K ACE=20%

Gregorio L. Juste (ljuste@aero.upm.es)
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iy PO B Fan paralelo + contrarotatorio :

AC E ~25% Aumentar A —> bajar vueltas del fan—> bajar
vueltas de la turbina que mueve el fan, —
aumenta numero de-escalenes

Ultra—high bypass ratio contra-fan concept Soluciones contrarotatorios o independizar el

N _ _ fan de la turbina
Concepto ya explorado

CF700

:'_a-ml_-_-ll;,! r— Ay,
e 7 ,,_:nsm T e ———

Axial Type Jet Propulsion Engine with Ducted-Fan -
Metropolitan-Vickers F.2/3 engine (1947)

Gregorio L. Juste (ljuste@aero.upm.es)
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Future Aircraft and Engine Configurations

Contra-rotating
fan

Gas generator

Contra-rotating
turbine

Blended wing aircraft may offer
up to 30% reduction in fuel

: —{ consumption - 40% if combined

Flying wing with electric engine concepts

Gregorio L. Juste (ljuste@aero.upm.es)
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Nuevos conceptos

ASQ Innovative Engine Architecture
Sustainable Aviation
Innovative Turbofan Architecture
+ Geared Turbo Fan
+ Counter-Rotating Fans

gr=

Counter- Rotating Propfan Engines

By Pass Ratio up to 80 thanks to open
Rotor technology

| Fuelburn saving up to 25%.

shides by courtesy of Airbus ASD Convention, Barcelona 5 Oct. 2007

Gregorio L. Juste (ljuste@aero.upm.es)
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Turbofan con reductor

Un concepto prometedor investigado durante dos decadas es introducir un reductor entre el fan y
la turbina de baja. Independizando el fan del resto de la turbomaquinaria del eje de baja permite al
disefiador ganar un grado de libertad que le permite optimizar la turbomaquinaria
independientemente. El principio general de los turbofanes con reductor es sustanciales aumentos
de la relacion de derivacion de los actuales turbofanes para mejorar el rendimiento propulsivo y
reducir ruido al mismo tiempo. Esto se consigue reduciendo las revoluciones del fan y la relacion
de compresion del fan, para fanes de alta relacion de derivacion, y aumentando las revoluciones
de las turbinas, manteniendo su eficiencia alta y la carga aerodinamica.

7=U (Vé,2 —Vel)

1

u=Qr

En resumen los turbofanes con reductor ofrecen:

»Baja velocidad del fan

»>Baja relacion de compresion del fan y velocidad de salida del secundario

» Alto rendimiento propulsivo

»Bajo ruido del fan y del chorro

»Reducir costos de mantenimiento

Y evita los inconvenientes de los fanes movidos directamente

»Bajo rendimiento del compresor de baja y la turbina de baja

»Aumento de la longitud global del motor y del peso, especialmente de los componentes del eje de baja

El concepto no es nuevo ——) Gregorio L. Juste (ljuste@aero.upm.es)
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Turbofan con reductor

Fan, LPC

@

Nacelle

e
GOODRICH

FDGS

PAvio Source: P&W

GTF™ Engine Demonstrator — Partnership.

Gregorio L. Juste (ljuste@aero.upm.es)
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T

Yarieus Rig
Test Programs

Technology Milestones

high speed LPT

LPT Technology Maturation Plan.

Gregorio L. Juste (ljuste@aero.upm.es)
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0% 20% 409 B80% 807G 100%

B Fan Prop. System W LPC/Cases/GBox O Core w/ Bearings
OLPT/TEC B Contr./Extern 0 Nacelle/Mis/EBU
Weight Breakdown GTF™ Engine versus Direct AT 9l L S el R LR
Drive TF. : : :
Aumento de revoluciones requiere cambios en el
high AN? advanced 30- and low-Re aero low density dlseno de Ia turblna
blade design (high lift; end wall contouring) . materials (TiAl)

advanced 3D aerodynamics (high lift airfoils, end wall
contouring) especially for high Mach number and low
Reynolds number applications,

* low noise designs taking into account the elevated
blade passing frequencies due to the high speed
design,

* light weight low density materials especially for

'."‘E"“.' ¥

% Tl],l"

low weight SC alloys .22

St i3 rotating airfoils (TiAl),
blade and rotor design for high loads - * high AN2 blade design (high mean stress levels), and
FIG 20. LPT Technology Activities. brush seals for reduced leakage, low deterioration

Gregorio L. Juste (ljuste@aero.upm.es)
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Turbofan con reductor

& Low LP spool epaad drives
increased weight and contributes Hiah Noise today's
High | Nolse today’s 10 increased Fuel Burn 9 -
direct drive . direct drive / Fuel Burn
TSF( turbofans e TSFC- turbofans
" Fuel Burn
Nolse . Noise . next generation
TSEC 2 TSFC e e noise targets
FuelBum| DirectDrive " Fuel Bum Direct Drive " . rge
Turbotan Turbofan
state-of-the-art -
componant e .
advanced efficlenclas * . :
omponent \ A B, T Geared
Low Hicienc " Lo Turbofan
B
Low BPR Lower Flow Specific Thrust High BPR : = >
(High FPR) (Larger Fan Diameter) {Low FPR) I':low %Ppg Lower Flow Spet::lﬁc Thrust High FBES
Source: PFAW (High FPR) (Larger Fan Diameter) (Low FPR)
Source: P&AW

Ducted Direct Drive Turbofan Noise, TSFC and

The Geared Turbofan Concept as the Enabler of
Fuel Burn Trends.

High Bypass Ratio Turbofan Engines.

Gregorio L. Juste (ljuste@aero.upm.es)
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Otras tecnologias

Utilizacion de cambiadores de calor entre el flujo secundario y el flujo primario:
»Permite la utilizacion del elevadas relaciones de compresion globales
»Reduce el trabajo del compresor

»Reducir emisiones de NOx

Intercooled, Recuperative Engine
Concept

Gregorio L. Juste (ljuste@aero.upm.es)
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Direct Drive Contra Rotating Open Rotor

Desarrollo de rotor abiertos contrarotatorios, con palas de paso variable pueden proporcionar
reducciones de consumo de combustible del 10 al 15%, pero son mas ruidosos que los fanes de
aita relacion de derivacion.

Progresos recientes en modelos y disefios aeroacusticos pueden permitir que esta arquitectura
sea reconsiderada para corto/medio radio de accién

Gregorio L. Juste (ljuste@aero.upm.es)
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Resumen

Direct Drive

*
1

1,84+ Turbofan
=
c 1,6 1vas0
@ Counter
=3 Rotating
g 141 Turbofan Fan
o """ Un-ducted
E Fan

' 1 i
1 5 9 13 17 100

Bypass Flatln

Turbofan Engine Concepts with Varying Bypass
and Fan Pressure Ratio.

Gregorio L. Juste (ljuste@aero.upm.es)
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New Engine Architecture Electric Engine Concepts

with reduced parts count, |
weight, advanced cooling, Pylon/aircraft mounted

aerodynamics and lifing I engine
e systems controller
onnected to engine via

__———__ digital highway

= |
r/ / L!-; .||| — -\“\
® —~
/ A ___\—Tﬂ_——:ﬂl“’"
& Generator on fan shaft
provides power to airframe

Internal active magnetic bearings and under both normal and
motor/generators replace conventional emergency conditions

bearings, oil system and gearboxes
(typical all shafts)

Gregorio L. Juste (ljuste@aero.upm.es)
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COMPONENTES Component Weight and Cost Summary
% Weight | % Cost
Fan Assembly 15.6* 14.6*
5 out of 10 Major Components
Booster 6.1 4.7 Contribute 70% to 75% of
High Pressure Compressor 12.5* 11.8* | Engine Weight and Cost
Combustor 3.9 4.4
High Pressure Turbine 7.5 14.0*
Low Pressure Turbine 20.4* 16.7*
Frames 16.3* 15.0*+ | Focus Design on:
Controls and Accessories 11.4* 8.7 * Two-Frame Architecture
Bearings and Seals 3.5 3.3 ) H?gh Speed Low P/P Fan
» High P/P per Stage HPC
Miscellaneous and Assembly 2.8 6.8 . Single-Stage HP Turbine
Total 100 100  High Loading LP Turbine

* Major Contributors

Gregorio L. Juste (ljuste@aero.upm.es)
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Fan / Booster / Structures

Aluminum )
Aluminum

Fan Case -
Frame with L BollalgedOut_
_ Integrated oad-Ret uction
Swept Wide Device

Chord Fan
Blade for High
Specific Flow

Low Radius\

Ratio

For — — — o — — — —

e >1% Fuel Burn
> 150-pounds Weight Savings

‘ High Flow, High Efficiency, Lightweight Fan I
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Low Stage Number Compressor

 Reduce Stages from 10to 6
- New Blade Design
 Lower Weight
* Improved Maintenance Capability

Gregorio L. Juste (ljuste@aero.upm.es)
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Turbine Aerodynamics
HPT Stage 1 Vane

e 3D Aerodynamic HPT Vane
« Convergent-Divergent HPT Blade
 Improved Performance

-0.5% Fuel Burn

-6°-10°C Benefit in EGT Margin

Gregorio L. Juste (ljuste@aero.upm.es)
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Double-annular combustor

Pre-mixed double-annular combustor

Gregorio L. Juste (ljuste@aero.upm.es)
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PROGRAMAS EUROPEOS

| VISION 2020 Targets defined by ACARE Technology Roadmap for Innovative Engine Conce pts
(Advisory Council of Aeronautical Research in Europe)
Environment ACARE Year 2000 Trent 700/CFM56
g :m ﬁ.b‘m;agou;ﬁa by half Reference in service
+ Reduce CO; by 50% engine )
Safety & Security
* Reduce accident rate by 80%
« Zero successful hijack
Quality & Affordability Validation SILENCER EEFAE - ANTLE EEFAE - CLEAN
* Half time to markst @ at Engine
* Fallin travel charges - Level — #
€L
: &
Air Transport System Efficiency E
* On time amival/ departure 99% within 15 minutes Ea
* Increase movemeants of alrcraft times 3 =] Component * Direct Drtve Turbo Fan ~ * Active Core
o Validation for = Geared Turbo Fan * How Controlled Core
= Low spool/ * Counter Retating * Intercooled Core
v" I Courtar R Pl
> Recuperative Core
g - _'_14-..,__‘ S
Engine Contribution b VITAL NewALC .-
* Reduce specific fuel consumption by 20 % =
* Reduce NOy by BO% 2
* Reduce noiss by 10 dB per 2] Engine/ Open Rotor Other Innovative CLEAN SKY
operation 3 Engine Concapts

Component
+ Reduce accident rate by 80 % 2| ewl
* Reduce operational costs = Validation P
* Half time to market L i
Gregorio L. Juste (ljuste@aero.upm.es)
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DREAM - Project Structure

Impact of Engine Architectures on

Efficiency
VITAL
“u.

Open Rotor -..__.‘ NEWAC

L T S e DREAM
* ‘\‘ T — — _  nNovel Systems

ol o |pEeeT T — \'\"""‘::‘h'l. --------------------
ACARE Target ~ - e & DREAM
— Open Rotor
——d Improvement
1985 1990 1995 2000 2005 2010 2015 2020 2025
Year

UNIVERSIDAD POLITECNICA DE MADRID

Impact of Engine Architectures on Noise

Open Rotor i &

...

NACRE
DREAM
Improvements

Ducted
Turbofan

Baseline =le
e
S~ _——— ____ SILENCER
e T - VITAL
[ ACARE Targef e ,
1985 1990 1995 2000 2005 2010 2015 2020 2025
Year

Gregorio L. Juste (ljuste@aero.upm.es)
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¢, preguntas ?

Gregorio L. Juste (ljuste@aero.upm.es)
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Active Core

Active systems open up a new area of technological opportunities.
They offer the possibility to adapt the core engine to each operating
condition of the mission and, therefore, have the potential to optimise
component and cycle behaviour. The most promising active systems
for core engine applications will be investigated and compared with
passive alternatives:

* Active cooling air cooling system for reduced cooling air consumption

* Active and semi-active clearance control system for the rear HPC

stages

* Active surge control system for the front HPC stages
The candidates with the highest overall potential will be developed
and validated in a final core test. A Partially Bvaporating Rapid Mixing
(PERM) combustor is best applicable to the active core engine and will
be investigated under NEWAC,

Active clearance control system (rear stages) Active surge control (front stages)
* Improvement of tip clearance with an active clear- * Development of acthe surge control with air injection Concapt study for active cooling air cooling

ance control system (thermal or mechanical) = Comparison to the passive alternative of multi stage Proof of concept for an appropriate combustor case
* Comparison with atemative technologies for tip casing treatment Exploration of new design and manufacturing options

clearance improveme nt for a cooled HPC rear cong

Gregorio L. Juste (ljuste@aero.upm.es)




