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ABSTRACT

The performance of the CARDE developed 15KS25000
rocket engine used in the launching of the first sixteen
Black Brant vehicles is outlined. Relevant data on the
engine and vehicle are presented for each of the launchings
and explanatory comments are given for apparent deviations
from normal performance. Results indicate some lack of
reproducibility in the engine but a generally acceptable
performance, A postscript adds some information on seven
subsequent launchings,
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INTRODUCTION

After two and a half years use it is desirable now to summarize the
results of all the launchings of the Black Brant vehicles from September 1959
to January 1962 as they relate to the performance of the 15KS525000 rocket
engine used in the vehiclef. Althﬁugh some of the data presented here have
been previously published 1 to 10 they are not complete enough for comparison
purposes. In the references as many relevant publications as possible have
been included to provide an up-to-date information source on the rocket engine.
It should be noted that the vehicles one to twelve were generally known as Black
Brant I vehicles and the last four as Black Brant II vehicles but the engines
were similar with only minor changes to the nozzle expansion cone to suit the
different fin attachments.

PERFORMANCE DATA

Included in the performance data for the 15K525000 rocket engine
given in Table I are many relevant data listings for the engine and vehicle.
Definitions for some of the parameters follow:

1. Burning time, t,, is obtained by taking the time difference when
initially the engine pressure reaches 100 p.s.i.g. and when it finally reaches
98% of the value where the tangent leaves the final equilibrium portion of

the curve, ' ' B

2. Action time, ta, is obtained by taking the time difference where
initially the pressure reaches 100 p.s.i.g. and when it finally reaches
30 p.s.i.g.

3., ~ Maximum pressure is the value occurring during firing excluding
ignition peak. In the 15K525000 engine this point is reached after
approximately one second of burning.

b, C*, characteristic velocity, is a parameter expressing propellant
performance. Since the thrust of the rocket engine can only be measured
indirectly in flight, overall engine performance must be assessed by measuring
propellant performance and, provided no significant changes occur in the nozzle
no error is introduced. C 1is obtained from measured values of pressure-time,
nozzle throat area and propellant weight,

The overall accuracy of the reduced data from the engine firing via
pressure transducer, telemetry, ground station and analogue to digital
conversion is not expected to be better than + 3%e For gome unknown reason
it appears that there is a bias towards high values of C .

In Table II comparative data are given for typical values obtained
from prototype engines fired ststically during the final development phase
of the 15KS525000 rocket engine.
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PERFORMANCE DATA FOR 15KS25000 BNGINES FIRED STATICALLY

TABLE IT
Temperature 0°F +?OOF +12OOF
Burning time, tb, sec. 14,3 12.7 11.9
Action time, t, s sec. 19.7 17.3 16,2
Avg. Pressure over tb’ psia 770 875 920
Characteristic Velocity 4770 4860 4910

C*, ft/sec

DISCUSSION OF DATA

Reference numbers 1 and 2 - These two engines and vehicles gave
satisfactory performance and the data obtained are in most respects considered
normal values for the rocket engine.

Reference Wo. 3 - Telemetry became unintelligible during the final
tail-off portion of the engine burning. Loss of telemetry may have been owing
to excessive lateral acceleration but vehicle break-up is not suspected. The
partial loss of the pressure record gives an action time and C¥* lower than
normal.

Reference No, 4 - Both engine and vehicle gave normal performance to
impact.

Reference No, 5 - There is some evidernce of partial failure of the
engine at the nozzle end since there was a rapid loss of chamber pressure
during tail-off and both lateral accelerometers went off scale for fifteen
seconds. Action time and C* are lower than normal because of apparent partial
engine failure. The vehicle became unstable but did not break up. The
instability may have been caused by burn-through at the nozzle end of the
engine or by structural failure of the fins causing damage of the aft end of
the engine.

Reference Nos., 6, 7, 8 and 9 - These four engines and vehicles operated
in a normal manner including one engine with propellant conditioned to minus
13°F,

Reference Nos. 10, 11 and 12 - These three vehicles were launched by
the Churchill Range crew and no accurate propellant temperature is available.,
From some relative data approximate temperatures have been assigned. Engine
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performance on 10 and 11 appears normal but for some unknown cause No., 12

has a propellant burning rate higher than normal and a relatively short tail-
off. It is conceivable that minor cracks in the propellant grain may have
provided an increase in the burning surface.

Reference Nos. 13 and 14 -~ These two engines were used in the first
launching of the IIA vehicle which employed modified nose cone and fins.
With the exception of an unexplained shorter burning time for No. 14 both
engines gave acceptable performance values,

Reference Nos. 15 and 16 - These two engines were used in confirmatory

launchings of the IIA vehicle. Number 15 vehicle broke up about 15 seconds
after launch apparently owing to a structure failure of some part of the fin
assembly. As a resul} of some telemetry loss because of vehicle malfunction
the action time and C are low for this engine. Number 16 vehicle went into
a flat spin about 27 seconds after launch but did not break up.

CONCLUSIONS

From the evidence obtained from the first sixteen launchings with
the 15KS25000 engine it may be concluded that fairly reliable functioning of
the engine can be expected over an engine temperature range of O°F to 100°F,
There is no conclusive evidence to say that any of the engines failed during

propellant burning but one of the engines, reference number 5, has some suspicion

attached to it. There is evidence of somewhat less reproducibility in burning
time than desirable but it is believed to be quite adequate for the purpose of
the vehicle. It would have required considerably more time and effort to
develop an engine of this size with much better reproducibility.
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POSTSCRIPT

It is worth adding that two launchings of the IIA vehicle with
modified fins gave very satisfactory results in August 1962 at
Wallops Island. Also in November 1962 a BBI vehicle carrying an NO
seeding experiment was successful at the U.S, range, In 1963 the
15KS25000 engine fired satisfactorily at the reopened Churchill
Research Range in four BBI vehicles, two for NO seeding experiments
in March and two for upper atmosphere experiments by the National
Research Council in April.
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