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aFJR: Advanced Fan Jet Research (FY2013-FY2017)
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Environmental standards for aircraft engines have become tightened amid global warming, and the world's demand
for more green engines with better fuel efficiency and low emissions is growing. In the aFJR project, in collaboration
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En-Core: Environmentally Compatible Core Engine Technology Research
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with manufacturers, we achieved weight reduction and high efficiency with the world's first hollow composite
fan blade and a turbine blade with ceramic matrix composite. We have developed the world's top fuel efficiency
reduction technology that exceeds the fuel efficiency reduction target compared to the latest engine.
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Joint research with IHI Corporation, the University of Tokyo, University of Tsukuba, Kanazawa Institute of Technology
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High Efficiency, Light-Weight Fan Technology

O SMERT 7Y (BHME@EL)
@ High Efficiency Fan
(improving the aerodynamic efficiency)
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A prototype rotor blade with a laminar flow design was
manufactured and aerodynamic efficiency was verified
by aerodynamic performance tests. We also confirmed
that flutter prediction CFD is effective for flutter
avoidance design of laminar flow fan blades.
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High Efficiency Fan Aerodynamic
Performance Test
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@ Light-Weight Fan (blades and disk)
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Succeeded in hollowing out carbon fiber reinforced plastic
(CFRP) blades and developed lightweight composite fan blade
technology. The hollow structure has been realized by improving
the damage analysis technology and design manufacturing
technology at high speed impact including CFRP laminated
structure and metal joint.

hZeEET 7Y T U—R
Hollow Structure Fan Blade

ERE R - BT
High-Speed Impact Test and Analysis

aFJR: Advanced Fan Jet Research (FY2013-FY2017)
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@ Light-Weight, Sound-Absorbing Liner
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We succeeded in forming a resin sound absorption liner that
replaces the existing aluminum sound absorption liner, achieving
a weight reduction of 40% or more compared to the aluminum
sound absorption liner.
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Full Scale Test Specimen Surface Side
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Resin Sound Absorption Liner
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Light-Weight, Low-Pressure Turbine Technology
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@ Light-Weight, Low Pressure Turbine
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We have developed an over-rotation prevention design
technology suitable for blades made of ceramic matrix composite
(CMC), and demonstrated that it is possible to break CMC blades
safely in rotational impact fracture tests.

In order to obtain flutter prediction technology for low pressure
turbine cascades, the wind tunnel cascade test measured the
flutter generation limit.

BEY—EY TSy IHBR RS CMC BET)L Ol B iRIE R
Low Pressure Turbine Flutter CMC Wing Model Rotational
Test Model Impact Failure Test
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The power for turbo fan engine propulsion is generated by core engine. World's major jet engine manufacturers
dominate the production of core engines, especially high-temperature, high-pressure parts such as combustors and
high-pressure turbines. Getting its share would be a leap for Japanese manufactures which already have a good
share in low-pressure parts. JAXA started a new project which aim to obtain competitive technologies to reduce NOx
(nitrogen oxides) and CO: (carbon dioxide). The project name “En-Core” represents an Environmentally compatible

Core engine.

En-Core is a 6-year R&D project until FY2023. It consists of two major targets, “Ultra-low NOx Lean Premixed
Combustor” and “High-temperature, High-efficiency Turbine” technology developments. The usage of CMC
(ceramic matrix composite) will be the key technology which reduce the cooling air usage in both targets.

aAPIVIY
Core Engine
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Ultra-Low NOx Lean Premixed Combustor
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The world's lowest NOx emission is the target of the combustor
technology development. Increasing the combustion air by
reducing the cooling air using the CMC is a key for realizing the
ultra-low NOx lean burn combustor, as well as the suppression of
combustion oscillations. Technologies for practical combustors,
such as the thermal management of fuel nozzles and fuel control,
will also be developed.

S—RIT7IIIIY
Turbo Fan Engine
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High-Temperature, High-Efficiency Turbine
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The competitive higher efficiency is the target of the turbine
technology development. The smaller usage of cooling air and
the 3D aerodynamic design will be integrated to reduce the
losses. CMC with higher heat resistance by about 200 deg. C
than the latest superalloy, the advanced cooling structures, and
various aerodynamic designs will be incorporated.

En-Core: Environmentally Compatible Core Engine Technology Research
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DANTE: Design and Analysis of Next generation Technologies for jet Engines
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Aeroengines are required to improve their performances for safety, convenience, maintenance and environment.
A R&D program of “Design and Analysis of Next generation Technologies for jet Engines (DANTE)” tackles four
key studies regarding performance of engine system, high-pressure compressor, noise reduction, and composite
structure. New engine concepts incorporating new technologies would improve the engine performances, including
fuel consumption and thrust. Precisely predicting the behavior of high-pressure compressors would enhances engine
performances. Aero-acoustic design technologies would resolve the noise issues associated with higher bypass ratio

engines. Evaluating durability of composite structures would

O IYVEMRE bl

Engine Performance Improvement Technology
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The models of propulsion system incorporating the new and

emerging components are proposed. Fuel consumption and
weight of the model are evaluated for these models.
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Noise Reduction Technology
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With computational and experimental approaches, technologies

for reducing inlet distortion and engine noise of future ultra-high
bypass engines are studied.

DANTE: Design and Analysis of Next generation Technologies for jet Engines

contribute to expanding the life of components.
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High-Efficiency Compressor Design Technology
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The design technologies for high-performance and high-efficiency
multi-stage compressors are developed using highly accurate
CFD code.
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Fatigue Damage Simulation Technology for Composite Structures
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Technologies of evaluating the
durability of composite structures
such as CFRP fan blades and CMC
low-pressure turbine blades are
studied through fatigue analysis.

Aeroengine Technology Demonstration
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Aeroengine system is composed of many components forming a highly advanced system. Advanced component
technologies developed through research projects are tested by installing in turbofan engines to step forward for the
level of technological maturity adequate for practical use.

RiiREERI—R I 7 VIV vERAW-ERETTRIT

Aeroengine Technology Demonstration Using Turbofan Engines
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® The ground-level enclosed jet engine test facility is in operation equipped with turbofan engines
for advanced engine technologies.

® Advanced component technologies developed through projects and fundamental research are tested in
ground-level environment to advance technological readiness level.
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Conceptual and Design Study on Advanced Propulsion System
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® JAXA is conducting conceptual, preliminary-design and fundamental studies on advanced propulsion system and
engine/airframe integration technologies.
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JAXA 65cm X 55cm /J\EUEELEEIC EREBME S ORER D D Wk FEICHIFDREDT
BEHUCERES Schematic of Experimental Axial-Direction Velocity Contour Streamlines over Airframe
Experimantal apparatus in JAXA 65cm X 55cm Apparatus

Low-Turbulence Wind Tunnel.

KRBEE FaSTAR ZRW e BB IERAI
Experimantal Apparatus Numerical Simulation Results Using FaSTAR

Aeroengine Technology Demonstration
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Hypersonic Propulsion Technology
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Design, production, and experiments of hypersonic pre-cooled turbojet engine that can be applied to hypersonic
aircraft has been progressed. This engine uses a pre-cooler, which is placed at upstream of the core engine in order
to cool the incoming hot air during hypersonic flight. The engine can be operated continuously from take-off to Mach
5 speed.

HEBEEFRI—RI Ty FDRER

Experiments of Pre-Cooled Turbojet Engine
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® The air temperature at Mach 5 is about 1300K. The temperature can be reduced to approximately 600K by
the pre-cooler using cryogenic liquid hydrogen. The pre-cooled turbojet engine is thermally protected by the pre-cooler.
Additionally, the compression power is reduced by pre-cooling and the thrust of the engine is increased.
Performance of hypersonic pre-cooled turbojet engine has been validated by ground combustion experiments
and propulsion wind tunnel experiments.

Hh_ RS IEPRBESRER B E R A E EF SR
Sea Level Static Firing Experiment Hypersonic Propulsion Wind Tunnel Experiment
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Design Analysis of Hypersonic Experimental Aircraft
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® Design analysis of hypersonic experimental aircraft is
under progress toward the realization of hypersonic
passenger aircraft. Mach 5 flight of hypersonic
experimental aircraft is studied using Japanese sounding
rocket. Mach 5 propulsive performance will be
evaluated by the flight experiment.

B E RIS
Hypersonic Transport Aircraft

Hypersonic Propulsion Technology
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Aeroengine Control Technology
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Altitude Test Facility (ATF) to demonstrate an aeroengine system have been developed for advanced aeroengine
control technology. The ATF has been contributing to a wide range of research and development: the development of
a small-scale, versatile aeroengine, various types of test requested from public used, etc. To realize the R&D, the ATF
has been continually updated for further progress in advanced aeroengine control technology.

A RE RS

Altitude Test Facility: ATF
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® The ATF was originally built for ground tests of a supersonic jet engine in April 2001.

@ Currently, the facility is being renovated, which will be completed in February 2021 to realize sub-sonic flight tests at a
high altitude for small turbofan engines, core engine tests, re-ignition tests for a combustor, water injection tests,
icing tests, low temperature starting tests, etc.
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Available Flight Envelope for the ATF NE2013
BN —RT 7T VIY
Super Small Turbofan Engine
(JAXA original)
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Stratosphere Altitude Engine Test Realized by Ejectors £ f-s%ﬂ%it%ﬁ
(Photos courtesy by KHI) Pitot Icing Test

Aeroengine Control Technology
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High Performance Turbomachinery Technology
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Advanced fans/compressors are essential to realize highly efficient, environmentally friendly aeroengines. To achieve
the goal, JAXA's R&D encompasses aerodynamic designs using advanced CFD analyses, manufacturing,
and the technology validation of the advanced fans/compressors, including cutting-edge laminar flow fans. Further,

Fan and Compressor Test Facility is continually updated for the experimentation and the technology validation in a
practical level.

aFJRI 7 V72 AW - B Hil D REE

Validation of Laminar Flow Fan Technology (aFJR Fan)
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Laminar Flow Fan Test Rig for Technology Computed Friction Coefficient Distributions on the Blade Surface

Validation The application of laminar flow fan technology enlarges the laminar boundary
The Transonic Fan Rotors with State-of-the-art layer region on the blade surface, leading to a lower friction loss and higher
3D-aero Designs. efficiency.
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Fan and Compressor Test Facility
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Overview of Fan and Compressor Test Facility Experimental Configuration for R & D of Laminar Flow Fan
JAXA's Fan and Compressor Test Facility is utilized for component A low-turbulence convergent duct is attached to the inlet to
testing of fans and compressors driven by electric motors. It generate a low-turbulent inlet air condition at high altitudes.
consists of two circuits with a power output of 8 MW and 2.2MW,

respectively.

High Performance Turbomachinery Technology
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Aeroengine Structures & Materials Technology
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The engine weight reduction technologies by applications of advanced structures and materials are developed to
reduce fuel consumption or CO2 emissions of aircrafts.

BET 7V T U—RON—RZANSAT:HE
Bird Strike Test of Lightweight Fan Blade
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Durability Test of Lightweight Disk

BEREI—E VEDOEMER
Blade Vibration Test of Lightweight LPT Blade
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Thermal Fatigue Test of Advanced Coating Material

BEEGM D5 R H 5

Tensile Strength Test of Laminated Composite

FEBEEOEREYAT)URSHE SEREHM OB RERILIDEIER FOEATR DIREN R
High Temperature Low Cycle Fatigue Test Accelarated Oxidation Test of Advanced Vibration Test of Advanced Material

of Advanced Superalloy Composite Material

Aeroengine Structures & Materials Technology




MZEI > > P

M=ZET > EERiRE

Aeroengine Combustor Technology
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JAXA is operating large combustion test facilities and developing advanced technologies such as the precise
analyses of the unsteady combustion phenomena by utilizing optical measurement techniques as the research
infrastructure for supporting the next-generation aero-engine combustor development.

M2 T > I LRI st R FE O 1o 8b D FA N S BRER iR

Combustion Test Facilities for Aeroengine Combustor Development

BmEERe R R RN GEes st BRER 1A
High Temperature & Pressure Combustion Test Facility. Annular Combustor Test Facility.
Inlet Temperature & Pressure (Max): 1000K, 5.0MPa, Inlet Air Temperature & Pressure (Max): T000K, 2.0MPa,

Air Flow Rate(Max): 4.0kg/s, Fuel: Kerosene, Methane gas. Air Flow Rate(Max): 18kg/s@900K, 11.5kg/s@1000K, Fuel: Jet A-1.

KFSTAEFIALBRRREEDES

Combustion Stability Diagnostics by Utilizing Optical Measurements

OH-PLIF ;&% OH* BR{EHAIFOAZHWERETAZFIALT. METREDRRZHET 2K MDIRRZEDTNE T,
(Fig.1 : TIR{LIANEES. Fig.2 i FEBNREBBERER. Fig.3: BRIV MY —1ERD)

Optical measurements, such as the OH-PLIF and OH* chemiluminescence imaging, were performed on a lean-burn
combustor under combustion instabilities. Unsteady flame motions were successfully captured and used to detect the
driving source of the combustion instability.
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Fig.2 Dynamic flame structures captured by the phase-resolved
probability distributions in high-gradient OH-PLIF regions and Abel-
inverted OH* chemiluminescence intensity under unstable experimental
conditions.

0 10 20 30 40 50
x [rmm] Figures 1 to 3 are reprinted from Ref. [1], Copyright (2015), with

Fig.3 Local Rayleigh index map (Positive region indicates permission from Elsevier.

the driving source of the instability. Only the lower half of

the domain is shown.)

Ref.[1] Tachibana, S., Saito, K., Yamamoto, T., Makida, M., Kitano, T., Kurose, R., Combust. Flame 162: 2621-2637 (2015).

Aeroengine Combustor Technology

Aeroengine Noise Reduction Technology

Research and Development on Low Noise Balanced with Engine Performances

[ Ja Lol Tech CLEAN
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Technologies on jet noise reduction and acoustic measurement were studied using sub-scale models
and a turbojet engine. (CLEAN Technology Program)

S e
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JyFI X RAWZFY oZmE/ X)L HKEAN Iy hESEHA
Notched Nozzles™ Nail Mixer Variable Area Nozzle Water Injection Jet Noise Measurement
*1 Joint study with IHI corporation

L 2 gl gl aFJR Project & Green Engine
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Evaluating acoustic performance of VIV TR Reducing acoustic load during lift-off of
sound absorbing panels and analyzing Examining acoustic and aerodynamic space vehicles

the mechanism ' performances of mixer nozzles using a (Epsilon Rocket).

(advanced Fan Jet Research Project). turbofan engine (Green Engine Program).
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Entropy

ref Belrin Beam/forming Conf (2076).

Ultra-high bypass ratio causes shorter nacelle, leading to noise increase. Study on evaluating the inlet distortion and noise reduction
has been conducted within the Design and Analysis of Next generation Technologies for jet Engine (DANTE).
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Aeroengine Noise Reduction Technology
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High Temperature Turbine Technology
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Great improvement of efficiency is essential to environmentally friendly, lower fuel consumption aero-engines.
More effective turbine cooling structures are studied to reduce cooling air as well as the development of conjugate
numerical simulation technology for precise temperature estimation. Resistance of new superalloys and thermal
barrier coatings and erosion / deposition behavior are evaluated under simulated thermal condition of jet-engine

operation in much shorter time than actual usage.
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Other Research
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Particle Trajectory Simulation
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Deposition Simulation

S—EvOIO—yay/FRIVay (&) DR
Research on Turbine Erosion / Deposition

EYDI—-E VR
Actual Turbine Vane
with Ceramic Coating

MEBE T ATV
Thermal Cycle Test
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Test Piece
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Thermal Coating Test
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Before Test
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After 1000 Thermal Cycles
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Duration Evaluation by Crystal Structure Change
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Evaluation of Superalloy and Coating
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Gas Path Side Coolant Side
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Enhanced Heat.'l'_ransfer Regions
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Conjugate Heat Transfer and Flow Simulation
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High Enthalpy Burner Rig
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High Enthalpy Wind Tunnel
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Steady Aero-Thermal Turbine Rig
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Test Facilities

High Temperature Turbine Technology

EI NOy [g/kg fuel]

IREERER. TV VHBRETL

BEORETRIL¥—

B2

Renewable Energy Technology
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Bio-jet fuels will be supplied to civil aircrafts in Japan in around 2020.
Combustion tests and engine tests have been performed to clarify the effect of the fuel change from petroleum fuel to
bio-jet fuels on the emissions of the exhaust gas and the engine performance.

HEFA N1 7Y x v MBI & KT D PR ER

Combustion Test of HEFA Bio-Jet Fuel and Kerosene

measured properties kerosene HEFA test method
freezing point (degC) -54.5 -58.5 JIS K 2276
dvnamic viscosity(15degC) mmYs 1.623 1.963 JIS K 2283
surface tension mN/m 24.3 22.5 JIS K 2241
densito(15degC) glom’ 0.7985 0.7554 IS K 2249-1
net heat of combustion, MI’kg 43,280 44,140 JIS K 2279
physical distillation JIS K 2254
initial boiling point (deg() 163.0 146.5
10% recovered temp (desC) 177.5 165.0
B0% recovered temp (deg() 198.5 208.0
90% recovered temp [des() 229.0 2535
final boiling point (degC) 251.5 269.0
carbon mass % 86.3 84.7 JPI-55-65
hydrogen mass % 13.9 15.2
sulfur mass % 0.0006 < 0.0001 JIS K 2541-6
composition ASTM D1319
parafin, vol% 80.3 98.4
olefin, vol% 1.3 0.9
total aromatice, vol¥ 18.4 0.7
aromatics ASTM D6379
benzenes, vol % 19.9 < 0.1
mss # 22.0 <0.1
naphthalenes, wol % 0.2 <0.1
mass ¥ 0.2 <0.1
total aromatics, wol % 20.1 < 0.1
mass ¥ 22.2 <0.1
B DE R
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The emission of PM is drastically reduced with HEFA bio-
jet fuel while NOx, THC and CO are similar to each other.
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