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Development and Key Technologies of Hydrogen—Fueled Precooled Gas Turbines
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Abstract: High—speed turbine-based combined cycle propulsion system is the foundation and key of hypersonic vehicle technolo-
gies. With the increase of Mach number, the total temperature of the incoming air rises significantly, and the engine thrust decreases
sharply. Inlet air precooling has become the major direction to expand the speed range of aircraft gas turbines. Liquid hydrogen has both a
high calorific value and a high heat sink, which makes it an ideal medium as a fuel and cold source. Hence, the hydrogen—fueled
precooled gas turbine is regarded as a promising technology to realize hypersonic flight in near space. Firstly, the historical development of
hydrogen—fueled precooled airbreathing engines is reviewed, the main features of each type of engine are analyzed, and two types of
technologies of hydrogen precooling technologies for hydrogen—oxygen rockets and for ramjet or turbojet engines are summarized according
to the purpose of precooling. Based on this, the key technologies in developing hydrogen—fueled precooled gas turbines are sorted out
considering their operation requirements. Compared with conventional jet engines, hydrogen—fueled precooled gas turbines bring in new
challenges in the areas of system design, heat transfer, combustion, and materials due to the adoption of new cycles, fuel, and structures. The
key technologies include but are not limited to steady—state and dynamic matching between the precooling system and engine performance;
design, molding, and anti-icing technologies for high power—to—weight ratio precooler; high—precision dynamic metering of hydrogen fuel;
hydrogen combustion technology; and hydrogen—related damage inhibition and prediction technologies for high—pressure components.
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