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Figure 16. Advanced Surface-to-Air Ramjet (ASAR) booster motor weights 983 pounds and contains 650 pounds of solid propellant. The 
forward end of the motor case has four air inlet "stacks" for the air inlet admission ports, which are sealed with frangible glass port covers 
and are retained in tapered sleeves. The glass port covers are fragmented during booster motor pressure tailoff by explosive charges, which 
opens the ports for ramjet operation. The motor throat insert needed during rocket booster operation is also separated at pressure tailoff , 
leaving the properly sized exit nozzle for ramjet operation . 

at the APL Propulsion Research Laboratory. At the same 
time, Hercules was designing, fabricating , and static fir
ing rocket motors, as well as preparing a test bay at ABL 
for installation of the unique air supply system. 

The air supply system contained all the elements for 
storing, heating, flowing, and controlling the air required, 
as well as a specially designed transition (from rocket 
boost to ramjet operation) simulation device. A portable 
van assembled at APL contained all the electronics, instru
mentation, and data acquisition to support the test, with 
the test sequence entirely computer controlled. 

Using this technique, the ASAR flight-weight chamber 
for rocket boost-ramjet operation was proven-in, includ
ing boost rocket firing , transition simulation, ramjet en
gine ignition, and ramjet combustor operation simulating 
a full-duration flight. The program also included design 
and testing of a special exit nozzle with thrust-vector 
control. Completed in 1984, the ground test program 
successfully demonstrated the technology required for an 
advanced surface-to-air ramjet missile that is compatible 
with use of the Navy 's most modem launching systems. 

CONCLUSIONS 
At present, airbreathing propulsion technology is a 

viable option for missile systems requiring extended
range performance. The APL/Navy program has devel
oped a number of potential design concepts for atmo
spheric applications, including an integral-rocket ramjet 
using storable liquid fuels operating up to Mach 5 and a 
dual-combustion ramjet using storable liquid fuels capa
ble of operating up to Mach 7+. These propulsion designs 
are ready for advanced development. 

The Applied Physics Laboratory 's capabilities in the 
field of airbreathing propulsion technology have been 
used in problem solving in other programs, such as the 
Tomahawk, and have enabled APL to take a leading role 
in the development of hypersonic propulsion (scramjet) 
systems for future applications, for example, the National 
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AeroSpace Plane. This technological capability is a na
tional asset and will continue to be applied in future 
systems. 
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