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ABSTRACT. Several 5-pound thrust bipropellant pulse-rocket motors
suitable for attitude-control systems were evaluated. The motor
consisted of two fast-acting solenoid valves, for injection of propellants,
mounted on a radiation-cooled combustion chamber.

Using the hypergolic-propellant combination of red fuming nitric
acid and unsymmetrical dimethylhydrazine, thrust pulses of 10 milli-
seconds were obtained without thrust attenuation on an L* 50 unit.

Steady-state and pulse-performance tests are discussed as well as
pulse-operation-response tests.
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TABLE 1. Motor Physical Characteristics

Motor L* Sxfisaninn Remarks
ratio (€)

1 100 1.36:1 Designed for static test
work only

2 77.5 1.36:1 Flightweight motor

3 70 20:1 Flightweight motor

4 70 1.36:1 Similar to above, except
expansion cone has been
shortened

5 50 1. 36:1 Flightweight motor

6 50 20:1 Similar to above, except
motor has a long expansion
cone and was not tested

FIG. 1. View of Six TAPCO Pulse Motors.
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TAPCO S 4B. MOTOR

FIG. 2. View of Disassembled TAPCO Pulse Motor.

valves are the principal parts. These valves meter the flow of pro-
pellant to the two orifices which are machined into the head end of
the combustion chamber. The orifices are located so that direct im-
pingement of the propellants takes place on the combustion chamber
axis with the horizontal momentum of the propellant nullified.

The solenoids are rated for 24 volts at 1 amp; however, they will
operate at about one-half that voltage. Each pair of solenoid valves
was electrically matched to minimize the time difference between the
two valves. This time difference is important when considering valve-
opening times with regard to propellant utilization and ignition delays.
It was found that, while the difference in valve-opening times was on
the order of 1 to 0.3 millisecond, the oxidizer valve always opened
before the fuel valve. This slight oxidizer lead produces smooth com=-
bustion and eliminates hard starts.












FIG. 7. 5-1b TAPCO Pulse Motor on Thrust
Mount Used in Vacuum Tank Test.

TEST RESULTS

STEADY-STATE PERFORMANCE TESTS

Not as much emphasis was placed on the steady-state perform-
ance tests as on the pulse-operation-response tests. The experimen-
tal error of the data obtained is in the order of 10%. As has previously
been mentioned the propellant combination used for all the tests was
reagent-grade IRFNA containing 20% NO, and UDMH. With these
propellants, performance values listed in Table 2 were obtained for
the L% 70 and L* 50 motors. For the L* 70 motor a characteristic
exhaust velocity (C*) of 4, 480 ft/sec and an Igp of 120 1b-sec /1b were
recorded near the design O/F ratio. These values compared to the
theoretical values for an O/F ratio of 2.2 are only 83% and 68% of the
C* and Igp values, respectively. The most probable reason for low
performance figures is the fact that the steady-state runs were for only
three seconds; the combustion chamber probably did not reach
equilibrium-temperature conditions at which point maximum perform-
ance can be expected.
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