




Hydrogen-utilization 
technologies

To stop global warming, it is imperative to cut emissions 

of CO2 and other greenhouse gases on a global scale. At the 

2015 United Nations Climate Change Conference (COP21), 

representatives from around the world negotiated the “Paris 

Agreement.”

The transportation field currently accounts for around 

14% of the world’s total CO2 emissions, with the aviation 

realm representing 11% of that ratio—just 1% or 2% of 

the whole. While those transportation-related emissions 

might now be just a small fraction of the total, e� orts to cut 

back on CO2 emissions are already in full swing in the non-

aviation transportation arena as manufacturers continue to 

develop hybrid vehicles, electric cars, and more. Considering 

the environment-focused trends in other sectors, the 

aviation field will likely make up a larger proportion of all 

CO2 emissions in the near future. The International Civil 

Aviation Organization(ICAO) has placed rigorous restrictions 

on CO2 emissions, as well, making the need for research into 

CO2-reducing technologies for the aviation field even more 

pressing.

Fossil fuels like coal and oil are the major sources of CO2 

emissions, and most of today’s aircraft use fossil fuels (jet fuel, 

etc.). Alternative fuels that emit less or no CO22 would make 

it possible to bring CO2 emissions down across the board. One 

such candidate is hydrogen. Availability and accessibility are 

two of hydrogen’s biggest advantages: Producing hydrogen is 

as simple as electrolyzing water, and the substance is a natural 

byproduct of the industrial gas-re� ning process. According to 

Kojima, hydrogen could also be an extremely cost-effective 

solution. “Along with imports from other countries like 

Australia, there are plans to use solar-power and wind-power 

facilities in Japan to produce hydrogen,” he explains. “Those 

kinds of efforts will definitely help make hydrogen more 

a� ordable in the future.”

Hydrogen generates about three times as much heat as 

jet fuel per unit of weight, but that heat only amounts to 

one-quarter of what jet fuel can produce per unit of volume. 

While it does have extremely lightweight properties, in other 

words, hydrogen requires considerable amounts of storage 

space. Making the most of hydrogen’s weight advantage 

means storing the substance in a light, compact, space-

minimizing fashion, which would require composite solutions 

for lightweight storage tank capable of withstanding high-

pressure conditions. 

JAXA can apply its wealth of expertise in developing 

a viable hydrogen solution; JAXA has been researching 

composite materials and structures to make lightweight yet 

strong aircraft structures, and JAXA also has technologies for 

producing and storing hydrogen for use in launch vehicles. In 

addition, JAXA’s efforts now extend to integrating expertise 

with non-aeronautics technologies, such as superconducting 

motor technologies for maglev vehicles and fuel cell 

technologies for automotive applications. Such efforts will 

definitely help bring Japan’s technological prowess together 

into far-reaching, dynamic research.

Another example of JAXA’s research on hydrogen 

application is on a hypersonic pre-cooled turbojet engine, 

which started in 2006. Designed for use in hypersonic aircraft 

capable of � ying at Mach-5 speeds, the engine burns hydrogen 

for a dual purpose: generating propulsion and cooling (pre-

cooling) intake air.

JAXA is also at work on electric propulsion utilizing liquid 

hydrogen. The system uses a superconducting pump to supply 

hydrogen from a liquid hydrogen tank to a fuel cell, which 

then generates electricity to rotate a fan and thereby produces 

a propulsive force (see the Figure). To develop the system 

further, researchers are currently looking into using the electric 

propulsion-based aircraft from the Flight demonstration 

of Electric Aircraft Technology for Harmonized Ecological 

Revolution (FEATHER; see Flight Path No. 9/10 for details) 

for experimentation purposes. Other ongoing initiatives 

include research into a two-phase � ow sensor (cryogenic void 

meter), which would detect the � ow rates of liquid hydrogen 

transported under cryogenic conditions. All of these project 

for hydrogen application technologies will help create a 

sustainable and recycle-oriented society. 

The need for CO2 reductions in the 
aviation � eld
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Leveraging Japan’s strengths into viable 
hydrogen-utilization technologies

JAXA’s e� orts in developing hydrogen-
utilization technologies

The heat exchanger for the hypersonic pre-cooled turbo jet currently in development at JAXA features heat-
transfer tubes with a design that accounts for temperature di� erence-induced deformation.2

The cryogenic void heater used to control 
liquid hydrogen � ow rates

An overview of the liquid hydrogen-driven system for superconducting fuel-cell propulsion
The system uses a superconducting pump to supply hydrogen from a liquid hydrogen tank to a fuel cell, 
which then generates electricity to rotate a fan and thereby produces a propulsive force.

Hydrogen-utilization technologies play critical roles in limiting CO2 emissions. 
JAXA’s ongoing e� orts go beyond simply creating aircraft that conform to the 
coming “hydrogen society”—they also involve research that makes hydrogen 
utilization more efficient. This article introduces a comprehensive outlook 
of JAXA’s hydrogen-related work with Takayuki Kojima, Associate Senior 
Researcher from the Next Generation Aeronautical Innovation Hub Center.
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Modern aircraft developers rely heavily on computational fluid dynamics (CFD), 
which simulates � ight characteristics in a computer environment. JAXA has made CFD 
an important part of its activities, developing HexaGrid—a tool for automatically 
generating grids at world-class speeds—and a fast � uid analysis tool called FaSTAR 
(see Flight Path No. 7/8). Hoping to expand the reach of its o� erings, JAXA has also 
provided CFD solutions to numerous organizations, ranging from universities and 
other educational institutions to corporate development divisions. The solutions have 
not been complete, however: FaSTAR does not offer the CFD resources that actual 
aircraft developers need for analyzing the air� ow around moving/deforming objects. 
Although some commercial software suites overseas do o� er that type of support, they 
tend to fall short of user needs due to high price tags, slow analysis speeds, and other 
problems.

FaSTAR-Move, which JAXA is developing as a FaSTAR extension, aims to provide 
users with a � uid analysis tool that delivers accurate analysis results under moving/
deforming conditions at FaSTAR’s high speeds. “By utilizing FaSTAR-Move, users would 
be able to conduct analyses on helicopters, tilt-rotor aircraft, tilt-wing aircraft, and 
airframes with moving/deforming parts like morphing wings,” Ishida says. 

■ Analyzing the air� ow around moving/deforming objects   
        via the overset grid method

CFD involves generating a computational grid by filling the target space with 
tetrahedral and hexahedral elements (cells) and then performing the corresponding 
calculations. There are three types of computational grids: a Cartesian grid (where 
the gridlines cross at right angles), a structured grid (which features a systematic cell 
arrangement), and an unstructured grid (where the cell arrangement is irregular). 
Depending on the type and quality (fidelity, etc.) of the grid in use, the accuracy of 
the resulting analysis varies. FaSTAR-Move employs the “overset” grid method, which 
layers together multiple Cartesian, structured, and unstructured grids. When a user 
wants to analyze helicopter � ight, for example, it can be di�  cult to simulate the � ight 
conditions with a single computational grid. FaSTAR-Move enables the user to create 
and superimpose separate grids for the rotating blade component and the stationary 
fuselage, thereby making it easier to conduct the analysis. Given its flexibility, the 
overset grid method thus offers a powerful solution for analyzing airflow around 
moving/deforming objects. The versatility of the overset approach also pays off in 
analyses of the vortices that form behind objects in motion—by layering a Cartesian 
grid over areas where structured and unstructured grids get too rough, users can 
perform high-resolution analyses in a localized fashion (see the Figure below).

The overset grid method requires an exchange of information between the various 

grid layers. For the FaSTAR-Move development team, that interconnectedness represents 
the biggest technical obstacle—especially for exchanges with unstructured, irregular 
grids, which make � nding the proper overlap hard to do at high speeds.

■ Targeting a Ver. 1 release by the end of FY2017
FaSTAR-Move is a two-part system consisting of a moving/deforming object 

analysis module, which handles the analysis of airflow around moving/deforming 
objects, and an engine analysis module, which analyzes the cascades of engine fans, 
compressors, turbines, and other components. The moving/deforming object analysis 
module is currently in advance development as the Ver. 1 piece, while the team is 
planning to start work on the engine analysis module (Ver. 2) in FY2018. Having 
commenced development in FY2015, Ver. 1 is scheduled for completion by the end of 
FY2017. Although the software only supported single solid objects during its � rst year 
in development, FY2016 has seen developers perform successful analyses of multiple 
objects. Moving forward, the team is hoping to boost the software’s calculation speeds 
and improve the user interface. JAXA is also at work on HexaGrid’s successor, called 
“BOXFUN,” which captures object configurations with greater fidelity and enables 
large-scale grid generation of more than 100 million cells. Together, FaSTAR-Move and 
BOXFUN will o� er users a high-performance, user-friendly set of � uid analysis tools.

Researchers have routinely struggled to compute and analyze the complicated air� ow 
generated by the movement and/or deformation of airframe: airflow around the 
landing gear, � aps, and other high-lift devices that are deployed and stored during 
� ight. This article summarizes an interview with Takashi Ishida, a researcher at the 
Next Generation Aeronautical Innovation Hub Center, who explained JAXA’s ongoing 
efforts to develop a CFD solver called FaSTAR-Move—an innovative solution to 
provide high-speed computational analysis on the complicated airflow around 
moving/deforming objects.

An example of an overset grid used by FaSTAR-Move for analysis

■ Meeting air� ow analysis needs

Basic and fundamental technology

FaSTAR-Move 
Analyzing the air� ow around 
moving/deforming objects

Structured grid

Flow direction

Overset grid
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The image illustrates two analyses of a cylindrical form in a given air� ow, with the 
top portion using a structured grid and the bottom portion employing an overset 
grid. The elements outside the immediate vicinity of the object (the locations in the 
dotted lines) are relatively indistinct in the structured grid but clearly visible at a 
high resolution in the overset grid, making the overset grid a clearer depiction of the 
air� ow (L: Computational grids; R: Mach-number distributions).
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One of the outcomes of the “Applied Research on Small Turbofan Engines” project, 
which began in FY2011, was the “NE2013” small turbofan engine. Built based on the 
KJ66 turbo jet engine, a common system around the world, the NE2013 is enhanced 
with JAXA’s unique expertise. In order to create a structure equivalent to those of 
turbofan engines for passenger aircraft, JAXA applied a biaxial setup for the core 
engine’s main shaft and reworked the compressor, bearings, and other components 
accordingly. The NE2013 also features new designs for elements like the front fan and 
adds a low-pressure turbine to the system.

Boasting a maximum thrust of 176.4 N and a bypass ratio of 3, the engine delivers 
an impressively compact structure with a fan diameter of 120 mm, length of 487 mm, 
and weight of around 10 kg. The engine also runs on jet fuel or kerosene, ensuring 
optimal usability.

■ The impetus driving JAXA’s R&D on super-small engines
By creating a super-small turbofan engine like the NE2013, JAXA is aiming to 

bolster its efforts in researching and developing aircraft jet engines. Recent advances 
in computer performance have enabled developers to create models digitally, using 
computational fluid dynamics (CFD) and other technologies, and simulate combustion, 
as well. When it comes to building individual parts, however, researchers have to create 
and test prototypes under actual operating conditions. Meeting that need is extremely 
expensive: Tests on actual turbofan engines require individual parts, which often run 
up considerable costs. Making a single fan blade, for example, can cost up to tens of 
millions of yen. Given the cost-intensive nature of the process, there are limits on how 

many prototype models a team can create.
The NE2013 is a scale model of an actual turbofan engine widely in use. Thanks to 

the size of the model, researchers can create prototypes for R&D at minimal costs and 
conduct trial-and-error tests under limited budgets. Even 3D-printed parts can be 
mounted for testing. Currently, JAXA is carrying out a wide array of testing using the 
NE2013, from evaluations of turbine stator vanes with variable mechanisms to studies 
of engine-control programs.

■ Capturing the potential of mass-produced super-small engines
To run the NE2013, JAXA uses its altitude test facility (ATF), where researchers can 

simulate actual flight environments. Although the ATFs in Japan lack the capacity to 
test full-size engines, the facilities offer more than enough space for the small-scale 
NE2013. In parallel to the ongoing testing at its ATF, JAXA is also looking into the 
possibility of running the NE2013 in wind tunnels.

JAXA’s NE2013 boasts a high-TRL* for a research institution, and its technologies 
are already in use in Niigata City’s “NIIGATA SKY PROJECT” for real engine development 
(see the column below). JAXA is hoping that initiatives like the NIIGATA SKY PROJECT 
will help Japanese companies eventually transition the NE2013 into a viable, mass-
producible product. Mass-producing the NE2013—already much cheaper to 
manufacture than the types of jet engines powering today’s aircraft—would bring 
the market price down to several hundred thousand yen. Not only would that low-cost 
accessibility benefit Japanese research on aircraft engines, but it would also facilitate 
installations on unmanned aircraft systems and give universities and other institutions 
an affordable resource for educational applications.

Research on jet engines involves tackling numerous challenges, including the 
limited availability of full-scale test facilities for actual engine and the huge costs 
of the tests themselves. This section profiles JAXA’s super-small turbofan engine, 
which gives researchers the kind of readily available, low-cost research device 
that they need.

The NE2013 installed at an JAXA ATF; to monitor fan rotation, a clear-plastic part is applied to the front.

■ One of the world’s smallest turbo jet engines

Super-small 
turbofan engine 
technology

NE2013 structure and specifications

* Technology Readiness Level, an index that represents a technology’s maturity on a scale of 1 to 9.

The NIIGATA SKY PROJECT, part of Niigata City’s efforts to energize the local 

community, aims to support aircraft-related industries through industry-

academic-government collaboration in the Niigata area. Drawing on local 

companies’ expertise in mechanical metalworking techniques, the initiative is 

working to develop a quiet, efficient, compact jet engine and an unmanned 

aircraft system capable of transporting 100-kg cargo (cargo UAS).

NIIGATA SKY PROJECT

Fan rotation speed: 30,000 rpm
Fan pressure ratio: 1.2
Fan outer diameter: 120 mm

Compressor rotation speed: 126,000 rpm
Compressor pressure ratio: 2.7
Compressor outer diameter: 66 mm

High pressure turbine 
(outer diameter): 66 mm

Low-pressure turbine 
(outer diameter)
: 85 mm
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The panel session included discussions of the MRJ development project

Opening remarks by Fumikazu Itoh, Director General of the JAXA Aeronautical Technology Directorate

The JAXA Aeronautical Technology Directorate organized a symposium in October 2016 in Tokyo 
to introduce its challenges and vision toward future steps. Through keynote presentations and 
panel discussions, the symposium introduced JAXA Aeronautics’s ongoing R&D efforts, with an 
emphasis on its open innovation policy that tries to incorporate diverse knowledge and insights 
from universities, companies, and other players.

On October 13, 2016, JAXA held “JAXA Aeronautics Symposium 

2016: Technological challenges and open innovation” at Tokyo 

Big Sight in Tokyo, Japan. 

Emphasizing the synergy between technological prowess 

and collaboration, this year’s symposium profiled JAXA’s efforts 

to bolster society and industry by tackling ambitious technology 

initiatives and quickly turning its research into real, practical 

solutions.

The opening remarks, titled “Looking ahead — visions and 

challenges for JAXA Aeronautics,” were made by Fumikazu Itoh, 

Director General of the Aeronautical Technology Directorate. 

In his remarks, Itoh addressed how JAXA Aeronautics takes 

on technological challenges to better serve industry and 

society. Itoh’s remarks not only covered D-NET,*1 the D-SEND 

Project,*2and other past achievements but also detailed 

current research efforts like the FQUROH Project*3 and SafeAvio 

Project.*4 Itoh also laid out the Aeronautical Technology 

Directorate’s R&D management strategy : “promoting research 

and development activities that benefits industry and society,” 

“multi-disciplinary and cross-sectoral collaboration for open 

innovation,” and “incubating high-level research that creates 

added value”.

The theme for the second part was “challenges for realizing 

open innovation in aviation”. Three lecturers presented initiatives 

centered around the WEATHER-Eye Consortium.*5

The first lecturer was Shigeya Watanabe, Director of the JAXA 

Next Generation Aeronautical Innovation Hub Center. Watanabe 

began with an introduction of the Center’s three policies: 

pursuing initiatives that can benefit industry and society, 

driving open innovation, and delivering high-impact results. In 

addition to providing an overview of each ongoing initiative, 

including those related to WEATHER-Eye, he also touched on 

JAXA’s new research on component certification technologies—

an emerging area where the social needs are pressing and the 

potential impact is enormous.

The next presenter was Yuichi Kitada, Deputy General 

Manager of the Engineering & Maintenance Division at Japan 

Airlines Co., Ltd. During his address, Kitada introduced issues on 

special weather from an airline’s perspective, such as how wind 

shear, volcanic eruptions, lightning, airframe icing, and similar 

meteorological phenomena impact flight. Kitada voiced how 

airline operators and users can benefit from the technological 

challenges tackled by the WEATHER-Eye research initiatives, 

such as better tools for detecting special weather conditions and 

safeguarding against icing, which will lead to help increase air 

safety and operational efficiency. 

Shigeo Kimura, a professor in the Department of Mechanical 

Engineering at the Kanagawa Institute of Technology, introduced 

the detailed mechanisms of how icing occurs, together with 

several research initiatives on anti-icing, de-icing, and icing 

detection that the Kanagawa Institute of Technology has been 

collaborating on with JAXA, manufacturers, universities, and 

European research institutions.

The third part of the symposium was a panel session 

featuring Kiyoshi Sakura, Deputy Head of the Engineering 

Division at Mitsubishi Aircraft Corporation, and Takeshi Ohnuki, 

Program Director of Aeronautical Technology at JAXA. They 

spoke about the MRJ project and JAXA’s role for the future of the 

Japanese aviation industry. 

After covering the current status of the MRJ development 

effort, Sakura introduced research collaborations with JAXA to 

develop and test technologies from the basic design phase. He 

also expressed his expectations for JAXA’s ongoing R&D efforts 

in innovative technologies while also voicing his hopes for 

continuing collaborative research with JAXA. Ohnuki (from JAXA) 

summarized the panel session by underlining the importance 

of making collaborative research and development efforts with 

industry while ensuring the benefits that these collaborations 

can have for the Japanese aviation industry. 

In the ensuing question-and-answer session, the presenters 

exchanged their views on ideas and issues raised by the 

audience. Themes included more demands for aircraft component 

research, the need for human-resource development, and more. 

Sakura added his comments on JAXA’s role, saying that it would 

best help companies if JAXA continued pursuing its research on 

both short-term and long-term themes that companies lack 

the resources to tackle. Through a series of presentations and 

discussions at the symposium, it had become even clearer as 

to how JAXA and companies could best share their roles and 

responsibilities.

Challenging high-level research that creates 
added value, while encouraging timely 
delivery of tangible outputs 

Stimulating innovation in the aviation sector

How MRJ development and JAXA can shape 
the future of the aviation industry

JAXA Aeronautics Symposium 2 0 1 6
“Technological challenges and 
open innovation”

*1  Disaster-Relief Aircraft Management System Network; see FLIGHT 
PATH No. 7/8 for details.

*2  Drop test for Simplified Evaluation of Non-symmetrically 
Distributed sonic boom; see FFLIGHT PATH No. 11/12 for details.

*3  Flight Demonstration of QUiet Technology to Reduce nOise from 
High-lift Configurations project; see FLIGHT PATH No. 13/14 for 
details.

*4  R&D of onboard safety avionics technology to prevent turbulence-
induced aircraft accidents project; see FLIGHT PATH No. 13/14 for 
details.

*5  See page 6. 
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