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Abstract: In order to obtain the flight envelope and performance of the precooled engine with closed Bray-
ton cycle and improve the feasibility of the engine, a scheme of the precooled engine with moderate precooling
was carried out based on the basic cycle and the existing component technology level. The performance and com-
ponent matching law of the engine along the flight trajectory of SABRE3 were analyzed. Then the velocity charac-
teristic, altitude characteristic and adjustment characteristic of the engine under this scheme were studied. And
the performance throughout the flight envelope of the engine was obtained. The results show that the specific im-
pulse of the engine with moderate precooling scheme proposed in this paper is basically the same with the core en-
gine of SABRE3. However, the specific thrust is reduced and the engineering feasibility is improved. The engine
can achieve stable control during the entire flight trajectory from Mach O to 5 by adjusting the minimum and maxi-

mum temperature of the closed helium cycle as the target value. The specific impulse range of the engine is be-
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tween 1359s and 2099s, and the specific thrust at the ground point is the largest, reaching 1.9kN/(kg/s). The

characteristic study shows that the thrust and specific impulse of the engine are the highest on the condition of the

altitude range from O to 15km and the Mach number range from 1 to 3. The part with the highest specific thrust is

mainly concentrated in the low Mach number area on the left side of the envelope map. And the specific thrust

gradually decreases as the Mach number increases. The engine is very sensitive to the adjustment of the inlet tem-

perature of the helium compressor but insensitive to the adjustment of the inlet temperature of the helium turbine.

Comprehensive research shows that the precooled engine with moderate precooling scheme presented in this pa-

per has a wide range of altitude and speed.

Key words: Precooled engine; Closed Brayton cycle; Moderate precooling; Off-design performance;
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Fig. 1 Basic thermal cycle of the precooled engine with closed Brayton cycle
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Fig.4 Heat exchanger model
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Table 1 Main design parameters

Parameter Value
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Helium compressor pressure ratio 4.62
Inlet temperature of helium turbine/K 1080
Inlet temperature of helium compressor/K 107
Main combustion chamber temperature/K 2134
Nozzle expansion ratio 100
Thrust/kN 86.6
Specific impulse/s 1359

Specific thrust/(kN/(kg/s) ) 1.14
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