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Abstract

1. The Scientific Significance and Strategic Value

(1) Basic Connotation

The hypersonic aero-engine has a lot of core capabilities as the
power plant of hypersonic aircraft. First, it can support hypersonic aircraft
to achieve horizontal take-off and landing; second, the flight envelope is
wider, the ceiling is greater than 25 km, and the maximum flight Mach
number is not less than 5; third, the long service life and reuse.

Due to the limited of conventional turbine engines and ramjets,
generally the Mach number of the turbine engine is 0-2.5, the ramjet
engine is greater than 3. In order to match the requirement of hypersonic
air-breathing propulsion, it is necessary to organically integrate traditional
power such as turbine engines, ramjets and rocket engines. With the
technical improvement of the additive manufacturing, lightweight high-
temperature materials, strong pre-cooling, plasma control, counter-
rotating stamping, and detonation combustion, it is expected to further

improve the performance of hypersonic aero-engines.
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(2) Scientific Significance

As the technical commanding height and international hot spot in
the field of aero-engine, hypersonic aero-engine is an extremely complex
system, which involves multiple disciplines like materials, manufacturing
and strength, heating power, aerodynamics, combustion, control, heat
transfer and so on. It is necessary to break through technical difficulties
such as “extreme heat, wide airspace speed domain, and reuse”.

It is of great scientific significance to carry out basic research on
hypersonic aero-engines. First, it can reveal the mechanisms involved
in aero-engine design and manufacturing, such as wide working speed
range, long service life, high thrust-to-weight ratio, thermodynamic
cycle under the constraint of high specific impulse, flow combustion
organization, heat and mass transfer, lightweight high-temperature
materials, manufacturing shape control, structural damage evolution,
integrated control, etc. Second, it can promote new directions of
interdisciplinary, such as fluid-heat-solid-solidification coupled energy-
mass transfer under extreme conditions, complex ultra-high temperature
structural force-thermal-acoustic-oxygen coupling failure, etc. Third, it
can promote the change of research paradigm, from the weak coupling
and decoupling research to the multi-physics strong coupling research

paradigm under extreme conditions of hypersonic aero-engines.

(3) Strategic Value

Aero-engines are the “pearl” in the crown of industry, and hypersonic
aero-engines are the best among the pearls. The hypersonic aero-engine
plays a decisive role in the research and development of hypersonic aircraft,

and it is also the embodiment of a country’s comprehensive national
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strength. In addition, as an air-breathing power unit, it can support the
development of aerospace plane, reusable space launch systems, etc.

The countries invest a lot of manpower, material, and financial resources
in the study of hypersonic aero-engines, aiming to seize the commanding
heights of technology and form a huge technological asymmetric advantage,
but there’re a lot of difficulties and the research and development progress
can not match the expectations. It is foreseeable that once the technology
achieves a breakthrough, it will lead to major changes in many fields, such as
aerospace equipment and civil aviation.

Because of the late start, insufficient investment, weak technological
accumulation, and relatively scattered technical force, there is a big gap
with the international advanced level in the field of hypersonic aero-
engine technology. In order to catch up with the international advanced
level and support the construction of the aerospace power, it is necessary
to systematically sort out the status quo and make overall planning and

development.

2. Research Characteristics, Development Law, and

Development Trends

(1) Research Characteristics

First, it is the multi-objective constraint, which makes the technology
difficult. It also needs to meet the following requirements: providing
stable and strong thrust within a wide flight envelope, reliability, reuse
and achieving a large thrust-to-weight ratio.

Second, it is very difficult to study thoroughly from the perspective

of system engineering since it’s the multi-disciplinary/multi-system
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coupling Hypersonic aero-engine involves not only the tight coupling
between disciplines such as materials, structure, strength, and extreme
aerodynamics, but also the tight coupling between different systems
inside the engine and the aircraft.

Third, it is the multi-technical route. Multiple programs are simultaneously
advancing since the hypersonic aero-engines have not yet converged to a

recognized feasible technical route.

(2) Development Law

First, the technical difficulty of developing hypersonic aero-engines
has exceeded expectations. Compared with the hypersonic scramjet
engine, the working speed range of the hypersonic aero-engine is more
than doubled. With every 1 increase in flight Ma , the difficulty and cycle
of engine research will increase significantly. Turbine-based combined
power is the main technical approach for the development of hypersonic
aero-engines, but there are still many technical difficulties. The turbo-
ramjet engine faces major technical obstacles such as the mode transition
“thrust gap”. Although technologies such as rocket boosting and jet pre-
cooling can effectively solve the “thrust gap” problem, there are problems
such as difficult thermal protection, low specific impulse, and complex
structure. In the context of the rapid progress of high-speed turbine
engine and scramjet engine technologies, the United States increased the
research and development of turbo-ramjet combined hypersonic aero-
engines, and accelerated the maturity of technology and engineering
development, but there’re still a lot of difficulties.

The maximum flight speed of the SR-71 Blackbird in 1966 was

3.2 times sound velocity. Due to its small load and poor efficiency,
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it has since been out of service. It is expected that the SR-72 Son of
Blackbird is to be in service around 2030, which will have a maximum
flight speed of 6 times sound velocity. Public data suggest that the
engine still faces great technical uncertainty. Due to the difficulty and
progress of the research and development of hypersonic aero-engines
exceeding expectations, most of the relevant major research projects
were terminated due to technical difficulties. Each country has different
research and development foundations based on turbine engines, rocket
engines, ramjets, and pre-cooling technology. Therefore, the selected
technical routes and primary directions also differ significantly.

Second, in view of the cooling effect of strong precooling technology
on high temperature incoming flow, the United Kingdom has carried out
a lot of design and experimental exploration, and has received research
and development funding support from the British government, ESA,
AFRL, DARPA and other institutions, as well as financial and technical
support from companies such as BAE Systems, Rolls-Royce, and
Boeing. The research results show the performance advantages of strong
precooled hypersonic aero-engine with a high thrust-to-weight ratio and
high specific impulse. Scientists of China have proposed an original plan
for a contra-rotating ram compressor, which uses the relative rotation of
the rotor to create supersonic airflow, establishes a low-entropy shock
wave system to achieve high-efficiency pressurization and high-pass
flow, subverts the supercharging principle of traditional axial compressor
airflow turning, greatly reduces the size and weight of the compression
system, and broadens the adaptability of the compressor flow. It is
expected to significantly improve the propulsion efficiency of hypersonic

aero-engines. The detonation combustion adopts approximately constant
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volume combustion to replace the isobaric combustion in the original
Brayton cycle, and the change in the cycle mode is expected to significantly
improve the propulsion efficiency of hypersonic aero-engines. Plasma
ignition and combustion is expected to significantly broaden the working
speed range and improve the performance of ramjets through high energy
and strong penetration of large fire cores, oil and gas activation and flow
field regulation. Intelligent additive manufacturing has the advantages
of “design-manufacturing-performance” integration, accelerated design
iteration, and multi-scale lightweight structure weight reduction. Lightweight
high-temperature materials are the main structural materials of hypersonic
aero-engines, which are essential to improve the thrust-to-weight ratio, and
ensure service safety under extreme conditions like wide temperature range,
high speed and heavy load.

Third, basic science restricts the breakthrough of technical bottlenecks.
For example, the integrated thermal cycle and the integrated method of
lightweight and high-strength material structure manufacturing are the
sources of improving the thrust-to-weight ratio. The mechanism and method
of high-efficiency combustion structure under low dynamic pressure and
temperature are important sources of broadening the lower limit of Mach
number of ramjets. The internal flow organization mechanism and method
of high-pass flow impeller machinery in wide speed range and the design
method of high temperature resistance mechanical system are the important
sources of broadening the working speed range of turbine engine. It is

necessary to make great efforts to promote basic research.

(3) Development Trends

The simple superposition and segmented use of different types
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of engines can’t become the mainstream solution since it can cause
problems such as weak acceleration ability, poor fuel economy, poor
thrust continuity, high resistance, and “dead weight”. The fusion
development of novel thermal cycle and single transformative technology
is the only way for hypersonic aero-engine technology. We should study
the new concepts, new working fluids, and new materials in order to
promote the development of an integrated wide-area high-efficiency aero-
thermodynamic cycle, and to deeply reveal the thermal-power conversion
and parameter coupling mechanisms between systems. The key
technologies to improve the thermal cycle efficiency, mechanical flow
capacity of the impeller, working speed range of the ramjet engine, and
broaden the working speed range of the turbine engine are Detonation
combustion, counter-rotating ramming, plasma control, and strong pre-
cooling. Although there has been some progress, we still need to pay
more effort for it. It is expected to improve the thrust-to-weight ratio and
life of hypersonic aero-engines with the development of lightweight and

high-strength materials and structures.

3. Key Scientific Issues, Development Ideas, Goals, and

Important Research Directions

(1) Key Scientific Issues

The key technology issues of hypersonic aero-engines are as
following: wide flight envelope, high reliability and long service life,
combustion flow organization under the constraint of high thrust-to-
weight ratio, heat and mass transfer, thermodynamic cycle, lightweight

high-temperature materials, manufacturing shape, etc.
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For the hypersonic aero-engine thermal cycle, aerodynamic
combustion, and control mechanism, the key technology issues include
efficient coupled wide-domain and thermal power conversion theory,
new thermal cycle construction method based on the turbine engines,
ramjet engines, and rocket engines as the basic power unit, and efficient
thermal power conversion mechanism based on new thermal cycle; the
subsystem-level working speed domain and thrust expansion mechanism,
flow/pressure matching and speed domain/thrust compensation modes
between subsystems, aerodynamic optimization theories for multi-
dimensional architecture and comprehensive performance optimization,
and integration for aircraft and engines of dual waverider, wide domain
and high performance adjustable intake and exhaust design; the energy
coupling mechanism for the multi-working fluid and strong nonlinear
thermodynamic system based on the high-efficiency pre-cooling; the
low entropy increase inlet/turbomachinery coupling pressure charging
theory, entropy generation minimization shock wave pressure gain
theory and optimization design methods, the work principle of new
aerodynamic layouts of the turbomachinery with conventional and
special working media, wide fieldwork principle, wide domain efficient
turbomachinery design and flow field control method; the wide speed-
range high-efficiency combustion organization mechanism and control
methods, wide-adaptive multi-modal combustion organization methods,
mechanisms and methods for the plasma ignition-assisted combustion;
hypersonic aeroengine instability criteria and stabilization theory,
complex flow field intelligent perception and monitoring methods,
subsystem control law and full-envelope high-precision robust control

mechanism, engine/aircraft cooperative control mechanism and high-
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efficiency robust coordinated control method, are all important issues that
need to be addressed.

For the high-efficiency pre-cooling, thermal protection and energy
management mechanism of hypersonic aero-engines, the key technology
issues include the coupling theory of multi-scale flow and heat transfer
under extreme heat and complex conditions, the coupling mechanism and
the laws of temporal and spatial evolution for the flow and heat transfer
under large temperature differences, strong changes in physical properties,
and multiple scales in a compact space environment, the heat and mass
transfer mechanism of fluids with highly variable physical properties under
ultra-high temperatures, large heat flows, and strong shock waves, fast
and high-efficiency heat transfer mechanism for strong pre-cooling under
the high-heat-flow compact structure and the pre-cooling design method
with high-efficiency pre-cooling and compact lightweight, the thermal/
mass interaction mechanism and thermal inertia matching mechanism for
multiple systems under strong coupling, nonlinear and highly dynamic
characteristics, and coupled heat mass transfer mechanism in complex
thermal environments and regulation mechanism and laws of thermal
protection under strong disturbance, advanced thermal protection methods
and coupled heat transfer laws, energy generation method of scramjet
working alone; under the condition of multi-field coupling, the integrated
mechanism and refined thermal structure design method of high-heat flux
and limited cold source thermal protection and thermal management, the
coupling mechanism of heat generation, collection, transmission, storage,
utilization, and dissipation of the entire machine system, advanced heat
management methods and system dynamic control methods, the entire

system with heat/mass implementation optimization distribution and
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dynamic management methods.

For the integration mechanism for the material fabrication and
structural strength in hypersonic aeroengines, the key technology issues
include integration theory for the design and fabrication of lightweight,
high-strength, heat-resistant, and complex structures, multi-field/multi-
phase/multi-media structure strength theory in extreme environments,
damage and failure modes and mechanisms of the material/structure,
and multi-field/multi-phase/multi-media coupling mechanical model; the
integrated design of light heat-resistant materials and complex structures,
the integrated design and manufacturing method for the material-structure-
function of typical structures, the coupling mechanism and the correlation
between macro- and micro-properties of small micro-scale thermodynamics
of multi-phase alloy materials, and the manufacturing method of high-
temperature complex cooling structures of difficult to process materials;
new high-performance alloy design and strengthening and toughening
methods based on high temperatures, strong convection, extreme
metallurgical conditions, and high-temperature gradient unbalanced rapid
solidification conditions for additive manufacturing micro-melting pool;
the strength design theory and method based on multi-field, multi-phase,
and multi-media and facing extreme environments, the integrated design
and preparation method for material manufacturing under extremely wide
temperature fields, advanced manufacturing methods for complex and

high-efficiency cooling structural and structural topology.

(2) Key Technologies

The core technical problem in the development of hypersonic aero-

engines is how to map the high-efficiency thermal cycle of the wide flight
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envelope to the engine with long life and high thrust-to-weight ratio. It
not only involves many technical industries, such as aero-thermal design,
pre-cooling, thermal protection, materials, manufacturing, experiments,
etc., but also is related to strong pre-cooling hypersonic engines, air-
turbine rocket engines, turbo ramjet combined engines, turbo ramjet
combined engines etc.

For the thermal cycle design analysis and flow combustion control,
the key technology issues include aircraft/engine integration, thermal
cycle and component matching design, extremely wide adaptive flow
control and advanced adjustment, wide range multi-modal combustion
organization, plasma ignition-assisted combustion, mode conversion
strategy and control, fuel supply system design and control, energy
integrated management and system optimization, intelligent control
diagnosis, high fidelity numerical simulations, and other technology.

Pre-cooling and thermal protection aspects include lightweight and
high-efficiency high-temperature pre-cooling heat exchanger, high-
power-to-weight ratio microchannel heat transfer, high-efficiency cooling
for extreme high-heat flux in confined space, super-high heat sink and
low coking regeneration cooling, new combined thermal protection, heat
transfer rapid evaluation of thermal structures, and high-efficiency heat
transfer under ultra-low environmental pressure.

Material and structure aspects include extremely high-temperature
resistant composite materials with multi-component hybridization,
ultra-high temperature composite environmental barrier coatings, new
ceramic matrix composites, high-temperature high-strength and high-
toughness titanium matrix composites, ultra-high temperature oxidation

resistant refractory metal matrix composites, new low-density and
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high-temperature resistant alloy materials, high-temperature resistant
insulation coating materials, single-phase multi-component high-
performance thermal barrier coatings, ultra-compact high-temperature
and high-efficiency composite thermal insulation material, hydrogen
embrittlement resistance high-temperature alloy for pre-cooling heat
exchangers, lightweight design of structures, advanced lubrication and
sealing materials, ultra-high temperature adjustable structural sealing
elements, high-temperature and high-pressure helium turbomachinery
motive seals, ultra-high-speed high-temperature and long-life grease-
lubricated ball bearings, high heat sinks and high energy fuels, hydrogen
fuels, green oxidizers, and other technologies.

Process, fabrication, and inspection aspects include the processing
and joining of ceramic matrix composite structures, the superplastic
formation of thin-walled complex components from difficult-to-form
materials, micro-hole processing, precision electrochemical machining
processing, high-speed arc machining of hard-to-machining metal
materials, manufacturing processes for light-weight and high-efficiency
pre-coolers, laser welding processes and quality control of complex
thin-walled special-shaped components, micro-diffusion connections
for dissimilar metal transition joints, additive manufacturing for extra-
large scale dissimilar materials, additive and reduced material composite
manufacturing for gradient composite structure, integrated structure
design and additive manufacturing, preparation of thermal protection
coatings, deformation control and adaptive manufacturing of large key
thin-walled components, intelligent assembly and precision detection,
and other technologies.

Experimental testing and low-cost flight validation aspects include
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large-flow high-enthalpy combustion heating, high-enthalpy pure air
heating, large-scale engine testing, variable Mach number free jet testing,
variable Mach number direct connection testing, mode transition testing,
simulations of attitude transient multiple flow coupling wide-domain
environments, small-disturbance and high-precision experimental testing
under high-temperature, high-pressure and high-speed environments,
helium circulation system testing, low-cost hypersonic flight verification,
and other technologies.

Reuse and reliability aspects include reusable design, structural
reliability evaluations and test verifications of high-efficiency light-weight
heat exchangers, performance predictions and testing of ceramic matrix
composites under the high-temperature environment, improvements to high-
temperature mechanical responses and structural service performances of
inhomogeneous welded joints, fatigue life assessment of key components,

health monitoring and intelligent diagnosis, and other technologies.

(3) Development Ideas

The development ideas of hypersonic aero-engines are as following.
First, allocate resource elements efficiently, reasonably, and scientifically,
which requires not only the principles of unified leadership, overall planning,
and coordinated advancement, but also smooth management links and good
distribution mechanisms. Second, strengthen design and development.
We need to pay attention to basic research fields, improve independent
innovation capability, and promote the combination of hypersonic aircraft
target image traction and hypersonic aero-engine technology. Third, carry
out the combination of industry, academia, and research to speed up the

transformation of innovation into industry. On the one hand, it is necessary
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to improve the level of domestic software development and digital
simulation, and on the other hand, it is necessary to promote the orderly

coordination of the innovation chain and the industrial chain.

(4) Development Goals

The development goals of hypersonic aero-engine technology are
diverse. The first is to reveal the mechanisms and laws of hypersonic
power, such as the optimization and control of thermal cycle, combustion
and flow, high-efficiency pre-cooling, thermal protection and energy
management, integration of lightweight high-temperature material
manufacturing and structural strength. The second is to propose a
Chinese plan for hypersonic aero-engines on the basis of breakthroughs
in turbo ramjet combined engines, air-turbine rocket engines, and strong
pre-cooling engines. The third is to enhance capabilities of original
innovation and engineering research and development, and improve
design, manufacturing, testing, and simulation capabilities, which will

provide support for building aerospace power country.

(5) Important Research Directions

The important research directions of hypersonic aero-engine technology
include the construction of new thermodynamic cycle methods, thermal
protection and energy management, advanced materials and manufacturing
processes, control, testing and simulation. In order to improve the thermal
cycle efficiency, it’s necessary to integrate traditional power units, and apply
emerging technologies such as strong pre-cooling, plasma control, counter-
rotating stamping, and detonation combustion. For the thermal protection
and energy management, it is recommended to focus on the development

of advanced thermal protection, energy management and system dynamic
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control methods, coupling mechanisms of strong anisotropic multi-scale
flow and heat transfer in a compact space environment, heat and mass
transfer mechanism of strongly variable physical properties, multi-system
heat/mass interaction mechanism and matching mechanism with thermal
inertia, etc. For the advanced materials and manufacturing processes, it is
recommended to develop the following technologies, such as lightweight
high-temperature materials and manufacturing technologies, the failure
modes and mechanisms of lightweight and high-strength structures,
multifunctional manufacturing integration technology, advanced additive
manufacturing and intelligent manufacturing technology, new high-
performance alloy design and toughening methods, precision forming
and processing technologies, high-performance welding and analysis
detection technology, coating preparation and analysis and detection
technology, high temperature bearing technology, etc. For the control,
testing and simulations, we need to establish priority development of
modal shift strategies and control technologies, develop the following
technologies: multi-variable adaptive control technology, wide-range high-
performance intake and exhaust technique, flight platform and power
integration technology, experiment testing and simulation technology, low-

cost hypersonic flight verification technology, etc.

4. Effective Funding Mechanism and Policy Recommendations

for Future Development

(1) Establish A New National Research System of Hypersonic Aero
Engines

It is necessary to mobilize the resources of the whole country to
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develop the hypersonic aero-engines, since it’s far more difficult than
traditional air-breathing power, and involves multiple industry categories
and disciplines. We should promote the basic research of key technology,
model research, and development based on the project; strengthen the
synergy between the industrial chain and the innovation chain, utilize the
capabilities of enterprises and research institutes, and guide the virtuous

development of industry and innovation.

(2) Establish Basic Research Plans

One important reason why hypersonic aero-engine technology has
not been fully broken through so far is that basic research has not kept
up, which is caused by the lack of system layout. The solution is that only
by figuring out the mechanism from the source and consolidating the
foundation can we find the right direction and make steady progress. It is
recommended to put forward Chinese research plans and schemes based
on the international portfolio scheme and the actual situation in China.
Conducting the dismantling and division of development tasks with
the main body of the innovative concepts such as wide speed domain
integrated cycle hypersonic aero-engine proposed by our scholars,
enhances China’s independent innovation capability comprehensively
and provides foundation and support for subsequent major science and
technology special projects. It is recommended to increase funding for
hypersonic aero-engine science and technology, guide and encourage
researchers to participate in related research and contribute their wisdom

and strength.

(3) Establish Pre-research Plan

The United States has established a series of research programs to
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maintain its leadership in the field of aerodynamics, such as IHPTET
program, VAATE program, ATTAM program, etc,which facilitate
breakthroughs in key technologies and greatly reduce technology risks. This
is especially true for hypersonic aircraft engines, with the implementation
of the FaCET program, HiSTED program, STELR program, MoTr program
and AFRE program, which directly led to the development of the SR-72
hypersonic aircraft engine. It is proposed to establish a technology pre-
research program related to hypersonic aero-engines and make it a key
element of the successive implementation plans of the “two aircraft” major
special projects. The research needs to focus on thermal cycle analysis
design and flow combustion regulation, materials, structure and thermal
protection, process, manufacturing and inspection, experiment and testing,
reuse and reliability technology, etc., and develop the new model with the

research results of the previous related programs.

(4) Establish Aerospace Power National Laboratory

There are shortcomings in the innovation chain, and research strength
is weak due to the lack of unified leadership of specialized basic research
institutions at the national level. It’s recommended to learn from foreign
successful experience, aim at the future development direction, establish
the National Laboratory of Aerospace Power, and play its leading role in
the field of basic research.

The main functions to be performed by the National Laboratory
of Aerospace Power in hypersonic aero-engine development should
include the following aspects. First, it assesses the major technical
solutions at the national level. Second, it insists on making up for the

shortcomings of development, making key breakthroughs in basic
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research, cutting-edge technologies and integration verification. Third, it
promotes the combination of industry, academia, and research to speed
up the transformation and application of innovation capabilities. Fourth,
the state will keep the technical achievements to facilitate exchange,

transformation and promotion.

(5) Strengthening the Construction of Hypersonic Aeroengine

Test Facilities

The test conditions are difficult to meet due to the very harsh
working environment faced by hypersonic aero-engines. In addition,
the mechanism of hypersonic aero-engines under the coupling effect of
multiple fields has not been fully grasped, which makes the structural
design face major problems, and the safety, reliability and service life
cannot be guaranteed. Developed countries have established complete
test facilities in the process of engine development since they attach great
importance to the role of testing.

In order to improve the test conditions in the field of hypersonic
aero-engine development, it is suggested to carry out overall planning
and layout at the national level, relying on the construction of scientific
research institutes and industrial departments. The first is to build multiple
test-bed systems which include hypersonic aero-engine direct-connected
test bench, closed circulation system test bench, model test bench for
high-pressure drop ratio nozzle test research, full-size compact and fast
strong heat exchanger test bench, and structural service safety test bench.
The second is to strengthen the investment in test equipment, such as test
chambers and wind tunnels, etc. The equipment includes continuously

variable Mach number combined intake port mode transition tester,
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hypersonic aero-engine thermal protection and thermal management
tester, supercritical fuel flow and combustion characteristic tester, high-
altitude simulation test chamber for variable Mach number process mode
transition, large-scale variable Mach number process mode transition free
jet wind tunnel, etc. In addition, it is recommended to make necessary
upgrades to the existing high-altitude simulation test bed and supporting
facilities to improve the test capabilities.

The working environment of hypersonic aero-engines is very harsh,
which poses severe challenges to the safety of components and systems.
It’s necessary to strengthen the research on the service safety of the
structure to improve its reliability. It is proposed to establish a test-bed
with the ability to simulate complex multi-field coupling conditions,
for example the metal combustion and thermal protection test-bed, air-
ground consistency test-bed and multi-field coupling test-bed etc. It can
comprehensively enhance the test capabilities in terms of service safety

of hypersonic aero-engine structures.

(6) Build A Low-cost Hypersonic Aeroengine Flight Test-bed

Due to the complex flight conditions, the current experiment cannot
fully repeat the working conditions of a real hypersonic aero-engine.
Establishing a flight test-bed is the way to promote hypersonic aero-
engine technology to engineering applications. It’s suggested to establish
a low-cost flight test-bed to test and evaluate hypersonic aero-engines

with realistic flight parameters in order to reduce the cost.

(7) Strengthen the Construction of Hypersonic Aeroengine

Digital Twin, Numerical Simulation, and Supporting Software
With the development of simulation technology, the simulation
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result can match with the experimental results partially. The experiments
are limited in revealing mechanisms and optimizing schemes due to the
difficult hypersonic aero-engine experiments and the obvious multi-field
coupling effect. It is recommended to promote the development of the
digital twin of hypersonic aero-engines, improve numerical simulation
capability, enhance the status of domestic supporting software, and

support the development of related industries.

(8) Establish Sharing Mechanism for Intellectual Property Protection

In order to encourage independent innovation, it is necessary to
strengthen intellectual property protection. It is recommended to absorb
advanced foreign experience and set up a national focal point, which can
manage the research results systematically, and protect the intellectual
property rights of different units, thus promoting the establishment
and improvement of the sharing mechanism of intellectual property

protection.

(9) Strengthen Talent Training and International Cooperation

It is suggested to increase the priority of training talents related to
hypersonic aero-engines and increase the graduate enrollment indicators
in this direction, formulate a science popularization work plan on
hypersonic aero-engines to attract young talents to join, establish the
China Hypersonic Academic Alliance to promote the establishment of
a joint training mechanism for talents from enterprises and research

institutes. It’s necessary to strengthen the international cooperation.
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