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Abstract. Micro-turbojet engine refers to a closed cycle gas turbine engine with thrust below
500kg and power below 100kW. The performance indicators of domestic products are relatively
low, and the main problems of domestic products are low thrust-to-weight ratio, poor reliability,
and low heat resistance. The low working efficiency of the components and the short life limit
the performance of the aircraft. In this paper, a micro-turbojet engine with a higher
thrust-to-weight ratio and higher heat tolerance has been designed. The hollow centrifugal
impeller with a built-in skeleton structure is successfully developed. The integrated design of the
evaporation tube guide and shaft sleeve diffuser solves the problems of poor stability and high
production cost, reduces the heat loss, and improves the overall efficiency. Ceramic matrix
composite integral turbine disk makes the engine achieve breakthroughs in thrust-to-weight ratio,
reliability, and heat tolerance. In addition, the engine has been tested to prove its feasibility. This
paper may offer a reference for the design of micro-turbojet engine.
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1. Introduction

Micro aero-engines mainly include the following types: turbojet engines, turbofan engines, piston
engines, and rotor engines. Micro-turbojet engine refers to a closed cycle gas turbine engine with thrust
below 500kg and power below 100kW. The engine is characterized by a complete reliance on the gas
flow to generate thrust. The micro-turbojet engine is comprised of compressor, combustion chamber,
turbine, tail nozzle, and so on. The performance indicators of domestic products are relatively low, and
the product series is not perfect enough to provide sufficient power support for the development of
aircraft. The main problems of domestic products are low push-to-weight ratio, poor reliability, and low
heat resistance. The low working efficiency of the components and the short life limit the performance
of the aircraft.

In this paper, a micro-turbojet engine with a higher thrust-to-weight ratio and higher heat tolerance
has been designed. Through the strength analysis by finite element simulation and the additive
manufacturing technology, the hollow centrifugal impeller with a built-in skeleton structure is
successfully developed. The integrated design of the evaporation tube guide and shaft sleeve diffuser not
only has simple processing technology, but also solves the problems of poor stability and high
production cost, reduces the heat loss between the evaporation tube and guide, and improves the overall
efficiency of the engine. Ceramic matrix composite integral turbine disk has been successfully applied
in aero-engine which has achieved breakthroughs in thrust-to-weight ratio, reliability, and heat tolerance
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of the engine. At present, the engine has been installed and tested to prove its feasibility. This paper has
reference value for the development of modern micro turbojet engines.

2. Hollow centrifugal impeller with built-in skeleton structure

Turbojet compressors can be divided into axial flow, centrifugal, and hybrid types. Centrifugal
compressor has compact structure and high single-stage pressurization ratio, which is mainly used in
small and medium-sized aero-engines, ships and other fields. Impeller blade is one of the core parts of
centrifugal compressor. It is subjected to the combined action of centrifugal load, thermal load and
aerodynamic load under actual working conditions [1]. The impeller rotates with the spindle at high
speed and does work on the gas. Under the action of the impeller blade, the gas rotates at a high speed
with the impeller and is subjected to the action of rotating centrifugal force and diffusing flow in the
impeller. When exiting the impeller, the pressure, speed, and temperature of the gas are increased,
providing conditions for the next step into the combustion chamber. At present, the traditional
centrifugal impeller on the market has the following problems: the outlet radius is large, the impeller
with a solid hub structure is large, and the weight proportion of the blade is relatively low. As the small
engine rotates at a high speed, the wheel hub bears a huge centrifugal load during the engine operation,
resulting in reduced stability. These shortcomings limit the performance of micro engines.

In order to solve the problems above, the Institute of Engineering Thermophysics of the Chinese
Academy of Sciences has developed a centrifugal compressor impeller. By modeling the inclination
angle of the diverter blade and the main blade of the centrifugal impeller, the control of the airflow in the
blade passage is realized. This method can optimize the different aerodynamic unbalanced forces of
airflow in different blade channels respectively. By applying different blade forces at different
inclination angles, the spanwise pressure gradient from the hub to the casing and the circumferential
pressure gradient from the pressure surface to the suction surface can be reasonably balanced. Then the
secondary flow structure inside the centrifugal impeller is improved and the uniformity of the flow field
at the outlet is improved. This design improves the weight proportion of the blade, but it also increases
the overall weight of the impeller.

The application of a hollow centrifugal impeller with a skeleton structure to the micro turbojet engine
can reduce the overall weight of the centrifugal impeller and improve the working efficiency of the
centrifugal compressor. The model is based on the condition that the original aerodynamic shape
remains unchanged. A skeleton structure is added inside the hub to withstand the centrifugal load
generated by the blades during rotation. The skeleton replaces the original solid structure, and in any
plane perpendicular to the axial direction, the center line of the skeleton is a radial straight line segment,
connecting the blade root and the shaft hole. The skeleton is symmetrical in shape with respect to the
center line [2]. The skeleton structure is a complex structure inside the impeller, which is difficult to
process using traditional methods. In recent years, due to the development of additive manufacturing
technology, the difficulty of generating complex structures inside the object has been greatly reduced. At
the same time, a powder-cleaning ring hole is arranged at the inlet of the impeller to connect the magnet
base with each cavity in the wheel hub, so that the powder of the additive manufacturing scheme can be
cleaned. Due to the particularity of the model in geometry, the weight is greatly reduced and the working
efficiency of the centrifugal compressor is improved on the basis of meeting the corresponding load
conditions. The compressor efficiency calculation determined that the compressor efficiency was 0.74.
By using ABAQUS finite element software, the preliminary strength analysis of the turbine disc under
centrifugal load and temperature load was carried out, the centrifugal impeller with a built-in skeleton
structure can reduce the weight by 25.1% and increase the push-to-weight ratio by 12.2% [3]. At the
same time, the overall maximum stress level does not exceed 110% of the maximum stress level of the
corresponding solid structure centrifugal impeller in the design condition.
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Figure 1. Modeling diagram of hollow centrifugal impeller with built-in skeleton structure [1].

3. Integrated design of evaporator tube guide and shaft sleeve diffuser

In an aero-engine, the guide can effectively increase turbine front temperature, reduce turbine end wall
loss and improve turbine efficiency. The evaporative tube has the advantages of a simple structure, easy
processing, low cost, and good comprehensive combustion performance. At present, the guide and the
evaporation tube are used as different parts in the aero-engine, and their connection is spliced or bolted,
which leads to poor stability, while generating heat loss, reducing the overall efficiency of the engine.
When the bushing and diffuser are working, the fixed effect is achieved through the connection of four
threads. When the bushing is rotating, the force is transmitted through the fastener to complete the
driving of the diffuser, so that the gas turbine engine can complete continuous work. The connection
between the shaft sleeve and the impeller of this traditional connection structure requires a large number
of parts, which is complicated to manufacture and has low stability during operation [4].

In order to solve the problems above, this paper adopts the integrated design of the evaporator tube
guide of the turbojet engine. The structure comprises a guide wheel rim, a guide blade and a sealing disc.
The guide blade is arranged in a ring cavity formed by the rim and the sealing disc. One end of the guide
blade is fixed connected with the rim, and the other end of the blade is fixed connected with the sealing
disc. The upper surface of the wheel rim is provided with an evaporation tube connecting ring, the
evaporation tube connecting ring is provided with a straight evaporation tube, and the straight
evaporation tube is provided with a nozzle. The outer wall of the wheel rim of the guide is provided with
a fixed thin plate and a fixed connecting hole is provided on the fixed thin plate. The design overcomes
the problems of poor stability of the connection between the guide and the evaporation tube. The overall
efficiency is increased by more than 10%. The rotor dynamic balance test shows that the vibration level
of the whole machine is low, and the engine stability is greatly improved [5].

Figure 2. Integrated design physical drawing.
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Figure 3. Rotor dynamic balance test.

4. Ceramic matrix composite integral turbine blade disc

To increase the thrust-weight ratio of aero-engine, it is necessary to continuously reduce the structural
weight of engine and improve the heat resistance of engine components. Therefore, the development of
new ultra-high temperature composite materials with high heat resistance and low density to replace
high-temperature alloys and refractory metal materials has become the key and basis for the
development of high-performance engines. The natural frequency characteristics and internal damage
evolution of braided SiC/SiC composites are studied by cyclic loading and unloading tests at room
temperature [6]. It is found that CMC-SiC has the characteristics of high specific strength, high specific
modulus, high temperature resistance, ablation resistance, oxidation resistance and low density. Its
density is 2~2.5g /cm3, which is only 1/3~1/4 of superalloy and niobium alloy, and 1/9~1/10 of tungsten
alloy. C/SiC can be used in limited-life (2 000~2 200 °C) and long-life(1 650 °C) aero-engines [7].

It has been proved that ceramic matrix composites are reliable and stable. The turbojet engine applies
the ceramic matrix composite material to the turbine disc as a whole, the instantaneous temperature of
the turbine front is increased to 1400K, the instantaneous thrust is up to 25daN, the maximum working
temperature of the ceramic compressor blade is up to 1500°C, and the application reliability is greatly
improved. The ceramic shell is freely installed on the metal chip to complete the integrated design of the
combination of ceramic and metal materials, and the comprehensive use of the excellent heat resistance
of ceramic materials and the high tensile strength of metal materials [8]. According to the characteristics
of ceramic materials, a number of unique structures, with the advantages of convenient dynamic balance
to remove materials, enhance shear resistance, and avoid blade tip scratching. The reliability and safety
of ceramic turbine disk assembly and operation are improved. The material withstand temperature is
increased by 20%, the thrust-weight ratio is increased by 12.2%, and the overall weight of the
components is reduced by 70%. The turbine efficiency calculation determines that the turbine efficiency
is 0.82. It is the first time that the ceramic matrix composite turbine disk has been applied to the turbojet
engine in China [9]. The micro-mini turbojet engine has been tested on the ground for more than 30
times. Based on the design software, 24 sets of data from 12 aspects are used to verify that the engine’s
thrust, and the fuel consumption reaches the expected design effect, further confirming its
breakthroughs in thrust to weight ratio and working stability [10].

5. Conclusion

This paper studies a new type of micro-turbojet engine. For the first time, selective laser melting
additive manufacturing of rotor parts has been successfully applied to engines. The core centrifugal
impeller with built-in skeleton structure greatly improves the thrust-weight ratio of the engine. The
integrated design of evaporator tube guide and shaft sleeve diffuser not only has simple processing
technology, but also solves the problems of poor stability and high production cost, reducing the heat
loss between evaporator tube and guide, and improving the overall efficiency of engine. Ceramic matrix
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composite integral turbine disk has been successfully applied in aero-engine, increasing the limit
temperature and decreasing the overall weight.
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