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SUMMARY

Parametric engine performance calculations were carried out for an air-
turbo ramjet (ATR). A LOX-LH2 rocket-powered turbine powered the compressor.
The engine was "flown" over a typical flight path up to Mach 5 to show the
effect of engine off-design operation.

The compressor design efficiency, compressor pressure ratio, rocket-
turbine efficiency, rocket-turbine inlet temperature, and rocket-chamber pres-
sure were varied to show their effect on engine net thrust and specific impulse
at Mach 5 cruise.

Estimates of engine weights as a function of the ratio of compressor air
to rocket propellant flow and rocket chamber pressure are also included.

In general, the Mach 5 results indicate that increasing the amount of
rocket gas produced increased thrust but decreased the specific impulse. The
engine performance was fairly sensitive to rocket-chamber pressure, especially
at higher compressor pressure ratios. At higher compressor pressure ratios,
the engine thrust was sensitive to turbine inlet temperature. At all compres-
sor pressure ratios, the engine performance was not sensitive to compressor or
turbine efficiency.

INTRODUCTION

There is renewed interest in high speed (supersonic and hypersonic) air-
crafts (ref. 1); NASA is presently studying possible engine cycles and the
corresponding required technology for these cycles. One cycle that is being
considered is the airturbo ramjet (ATR) (ref. 2). The ATR has a compressor
necessary for thrust at low Mach numbers. The compressor is driven by a tur-
bine supplied with a relatively cool fuel-rich gas from a gas generator. The
fuel-rich gas mixes with the compressor discharge air after the turbine and is
burned. This combination of turbine, gas generator, and compressor enables
this engine to takeoff and accelerate to cruise at Mach 5.

A parametric cycle study of an ATR using a liquid hydrogen-liquid oxygen
gas generator was performed to determine the effects of the compressor pressure
ratio, compressor efficiency, turbine efficiency, turbine inlet temperature,
gas-generator design pressure, and gas-generator mass flow on thrust and spe-
cific impulse at Mach 5 cruise. The ranges of these parameters are given in
table I. The gas-generator mass flow is not a parameter varied directly, gas-
generator mass flow varies to match turbine flow area and the amount of work
required to drive the turbine to operate the compressor. The inlet-air mass
flow was a constant for all engines at similar flight conditions. The follow-
ing weights were also estimated for these engines: the compressor weights from
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