




















above 500 sec appears feasible at booster speeds
in the Mach 3 to 4 region. Over the boost tra-
jectory, increase in weight of vehicle payload
equivalent to 25 to 509, appears possible in
volume-limited systems, including weight of hard-
ware and loss of propellant volume associated with
capture, ducting, and mixing of the ambient air.
Since work in this field has only recently begun to
produce useful data, it is too early to assess the
role that thrust augmentation may play in future
rocket systems. However, the potential appears
definitely greater than for conventional rocket im-
provement. Stimulating problems for investigation
include:

1. Opverall system analysis;

2. Air induction design for efficient air induc-
tion and mixing;

3. Propellant development to provide maximum
overall performance; and

4. Design of inlet hardware for minimum
weight and complexity.

Hypersonic Airbreathing Propulsion

Air-augmented rockets, as noted above, promise
a major performance gain over conventional types,
but they fall far short of the I, attainable by com-
plete airbreathing systems. This is because air-
breathing vehicles carry only the fuel while
rockets must carry the oxidizer as well. Since the
fuel mass flow rate is a small fraction of the total
mass flow rate, the thrust produced per pound of
fuel carried in the vehicle can have values as high
as 4000 sec for turbojet engines burning kerosene
at Mach 2 and approximately 1500 sec for ramjets
at Mach 4. As airspeed increases, the I, of these
systems decreases. Turbojets are impractical above
Mach 3, which explains why they are not dealt
with here, and conventional ramjets burning hydro-
carbon fuels have no useful thrust above about
Mach 10.*

There are, of course, many problems to be
solved before these engines become available for
Navy applications. A primary difficulty is lack of
experimental data that can be used for firm en-
gineering design. Nevertheless, significant progress
has been made that supports the feasibility of
high speed flight with engines using supersonic
combustion.

Work during the past two years has demon-
strated that combustion efficiency above 909 can

* W. H. Avery and G. L. Dugger, ‘“Hypersonic Airbreathing Propul-
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be achieved in supersonic combustion conditions
corresponding to Mach 5 flight. Even better effi-
ciency is to be expected at higher speeds. Data
obtained at Mach 7 support the analytical studies
and give a basis for optimism that inlet efficiency
problems will not be severe. The most difficult
problems that still await solution are:

1. Design of the leading-edge structures to
provide adequate stability in the extreme
temperature environment of hypersonic
flight. Available materials without cooling
are limited to temperatures not much above
3000°F because coatings have not been de-
vised that will prevent oxidation above this
temperature. Tungsten alloys would have
adequate tensile strength if they could be
protected. Otherwise, practical cooling tech-
niques must be developed.

2. Thermal insulation that can be used to pro-
tect the structures exposed to high tempera-
tures must be developed. Pyrolytic graphite
or pyrolytic boron nitride appear well suited
to this use if means can be found to slow
surface oxidation, if methods can be de-
veloped to attach the insulation to the struc-
ture, and if the present cost of these materials
can be significantly reduced.

3. Extensive system analyses must be performed
to define the detailed requirements of air-
frame configuration, structures, controls,
and propulsion, and to determine the trade-
offs necessary for best overall vehicle per-
formance.

4. Facilities must be developed to meet testing

needs of larger scale models in the hyper-

sonic regime. Above Mach 10 new tech-
niques will be required.

Flight demonstration of a supersonic com-

bustion ramjet is a must to demonstrate that

such engines can indeed fly.
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Hypersonic ramjet propulsion would be a par-
ticularly fruitful field for American industry to
devote its manifold talents to exploring. The pay-
off will be not only improved national defense but
also reduced time and cost for terrestrial inter-
continental flight and great savings in cost and
convenience for orbital missions.
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