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Abstract In order to study the control law of the maximum state (the maximum thrust state and the
maximum specific impulse state) of the pre-cooling air turbine rocket engine (PATR), a steady state
variable condition model of PATR was established, and the influence of the control parameter on the per-

formance parameters of the engine was studied. The optimal performance state ( maximum thrust state and
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specific impulse state at the same time) of the engine was given on the premise that the total hydrogen
flow rate is proposed. On this basis, the control laws of the maximum thrust state and the maximum spe-
cific impulse state of the engine were proposed, and the flight envelope of the engine in the maximum
thrust state and the maximum specific impulse state were given, respectively. The results show that the
thrust of PATR engine will increase with the increase of main combustion chamber temperature, helium
turbine inlet temperature and nozzle throat area when the total hydrogen flow rate is constant. When the
temperature of the main combustion chamber, the inlet temperature of the helium turbine and the throat
area of the nozzle are constant, the thrust increases with the increase of the total hydrogen flow. The opti-
mal performance state control law of PATR engine with given total hydrogen flow rate is as follows; the
sum of the residual gas coefficient of the precombustion chamber and the main combustion chamber is
equal to 1, the inlet temperature of the helium turbine and the throat area of the tail nozzle get the maxi-
mum value, and the thrust and specific impulse of the engine reach the maximum at the same time, and
the engine is in the optimal performance state. The maximum thrust state control rules of the PATR engine
are as follows. The sum of the residual gas coefficient of the precombustion chamber and the main combus-
tion chamber is equal to 1, the maximum value of the inlet temperature of the helium turbine and the
throat area of the tail nozzle are obtained respectively. The total hydrogen flow rate should be increased as
far as possible, when the total hydrogen flow rate is increased, the engine will touch the air compressor
conversion speed or the maximum pressure boundary of the helium circuit. Safety boundary contact order
is determined by engine characteristics and flow conditions. The maximum specific impulse state control
law of PATR engine is as follows. The sum of the residual gas coefficient of the precombustion chamber
and the main combustion chamber is equal to 1, the maximum of the inlet temperature of the helium tur-
bine and the throat area of the tail nozzle are obtained, and the total hydrogen flow rate should be reduced
as far as possible, when the total hydrogen flow rate is reduced, the engine will touch the surge boundary
of the air compressor or the maximum temperature boundary of the precooler material. Safety boundary
contact sequence is also determined by engine characteristics and incoming flow conditions.

Key words pre-cooling combined cycle engine; PATR; control law ;optimum performance state ; maxi-

mum thrust state; maximum specific impulse state
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Fig.13 Safety boundary that the engine may touch under

maximum specific impact condition
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