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NATIONAL ADVISORY COMMITEEE FOR .AERONAUTICS 

RESEARCH MEMORANDUM 

FLIGHT lNVESTIGATION OF 6. 2~INCE:-DIAMETER DEACON 

ROCKET AND l~INCII-SCALE MODEL ROCKET 

By R. S. Watson 

Flight tests were conducted at the NACA Pilotless Aircraft Research 
Station, Wallops Island, to determine the characteristics of the Allegany 
Ballistics Laboratory-! s 6. 2~inch--d.iameter Deacon and. l~inch-scale model 
solid-propellant rocket motors. The tests were performed to assist in the 
development of these rockets which were d.esigned for, 'and urgently needed 
to propel supersonic research models and. pilotless aircraft. The tests 
showed that the rocket motors functioned properly under various flight­
acceleration loads over a range of preignition grain temperatures. A 
IDaXUnwn velocity of 4180 feet per second was obtained. at an elapsed time 
of 2.9 seconds with the 6.2~inch Deacon rocket motor at a gross weight 
of 190 pounds. Free-flight data of drag coefficient for the Deacon 
configuration for a Mach number range of 1.1 to 3.6 have been obtained. from 
flight tests of several rounds. Camera studies of the tak:e-off and flights 
of the Deacon rocket showed no evidence of breakup of propellant grains~ 

.An analysis of the forces to which the DeacOJ;l rocket grain is sub jected. 
was made. The a.na.lysis shows that the ~in loading is most severe near 
the beginning and near the end. of the rocket action time. 

The l~inch-scale model rocket motor is a scaled model of the H~-inch­
diameter multiperforated, cast-grain rocket motor. A max~velocity of 
1625 feet per second at a time of 1.075 seconds was obtained. at a gross 
weight of 309 pounds. 

INTRODUCTION 

Tests of a solid-propellant rocket on a thrust stand. alone are 
inade.Cl..uate to demonstrate that the design of the rocket is satisfactory. 
The thrust stand. yields a time history of the thrust developed by the 
rocket, end the auxiliary equipment normally used. in conjunction with 
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the thrust stand gives time histories of the internal. pressure. Although 
these measurements are highly useful in the develop:nent of a rocket 
designs in the thrust stand test the rocket is not subjected to the 
accelerations which it encounters in flight and which impose additional 
loads on every component of the rocket. In general, there exists for every 
rocket a limiting acceleration above which it will not function properly. 
Many high-performance rockets are capable of achieving this acceleration 
when propelling a sufficiently light pay load. In solid-propellant 
rocket design it is frequently found that the-component least susceptible 
to being designed to withstand the acceleration loads is the propellant. 
Structural failure of the propellant during burning may result in the 
loss of performance by the ejection of unburned propellant particles 
through the nozzle, and. the--resultant exposure of excessive propellant 
surface to burning may cause abnormal internal pressures leading to 
erratic thrust and possible rupture of the combustion chamber. 

The susceptibility of solid propellants to structural failure under 
acceleration is influenced by the temperature of the propellant prior to 
ignition of' the rocket. This is due to ohanges in the mechanical 
propertiess brittleness at low temperatures and exoessive plastioity 
at elevated preignition temperature, and ohanges in the burning charac­
teristics of' the propellant. Proof of the ability of' a ro:::ket design to 
withstand the adverse effects of acceleration oan be obtained only by 
f'light tests of the rocket under various conditions of acoeleration and 
initial temperature. 

The Pilotless Aircraft Research Division of the NACA, in adapting 
standard military"solid-propellant rockets for use as propulSion units 
in aerodynamic researoh models, developed a technique of rapidly 
measuring-the perf'ormaD.ce characteristics of rockets in free flight. 
This teohnique employs a continuous-wave Doppler radar unit which gives, 
with a minimum of computations time histories of the displacements velocity, 
and acceleration of' the rocket. These datas together with standard 
meteorologioal sounding datas yield by simple calculations a time history 
of' the rocket thrust, as well as the drag ooeff'icient of the rocket as a 
funotion of the Mach number. To f'ulf'ill needs of the NACA f'or rocket 
motors appropriate f'or propelling aerodynamic research models to super­
soniC speeds, this technique has been employed to measure the perf'ormance 
characteristics in free flight of two new high-performance solid­
propellant rockets of unconventional design under various conditions 
of' acceleration and preignition temperature of' the propellant. The rockets 
tested were the 6.25-inch-diameter-Deacon and a lo-lnch-diameter scale 
model of a l6-inch-diameter, multiperf'orateds cast-grain rocket. For 
economy and ease of oonstruction, handling, and testing, the lo-inch­
diameter rocket was designed to conduct the research and developme~t for 
the l6-inch-diameter motor. These rockets were designed and constructed 
by the Allegany Ballistics Laboratory of the Hercules Powder Company. 

t 

f 



't. 

NACA EM No. L8Er26 3 

Both the Deacon rocket motor and the 16---1nch mnltiperforated cast­
grain motors were designed to propel research models. Thetem.perature 
range tested, l!OO F to 1200 F, covers the JDOderate variation in temper­
atur.e e:x::pected in this field of work. Acceleration tests up to 65 
times gravi·ty for the Deacon and to 60 times graviiiy for the scale model 
covered the range of accelerations anticipated in the use of these motors. 

SYMBOLS 

a acceleration, feet per second per second 

ad dec~leration, feet per second per second 

CD drag coefficient-

D drag, pounds 

g acceleration of gravity, 32.17 feet per second per second 

M mass, slugs (W/g) or Mach number 

t 

T 

time, seconds 

thrust, pounds 

V flight velocity, feet per second 

W weight, pounds 

e flight-path angle, degrees 

DESCBIPl'ION OF BOCB.l[L' MOTORS AND TESTING TECHNIQUE 

The 6.25-inch-dia.meter Deacon rocket.~ The external configuration 
and dimensions of the Deacon rocket motor equipped with the head and 
stabilizing fins used. in the flight tests are shown in figure l{a). The 
case diameter of the motor was 6.25 inches, but the maximum diameter 
upon which the drag coefficients have been based was the head diameter 
of 6.75 inches. The detail dimensions of the nose and tail assembly for 
the Deacon flight model are shown in figure l(b). The weights' of the 
various rounds are given in the table in figure l(a). Variation of the 
individual roundfs weight to obtain different accelerations was achieved 
by changing the mass of the steel 'heads without altering their maximum 
diameter or apex angle. Because of the range limitations of the Doppler 
radar unit, a reduced amount of propellant was employed in the tenth 
Deacon round listed in the table of figure l(a) in order to provide 
measurements of drag at speeds below a Mach number of 2. This round was 
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made by turning down the diameter of-the grain until the proper weight 
reduction of the grain was obtained. Additional restrictor was used to 
fill the area occupied: by the grain which was removed. Therefore, the 
same external configuration was retained; and since the specific weights 
of the restrictor anQ grain are approximately equal, the center-of-gravity 
location wa-s maintained. 

A cross sectiun of the Deacon rocket show±Dg the internal configuration 
is given in figure l(c) •. The propellant grain is a star-perforated cylinder 
covered with a restricting material on the outside cylindrical sur~ace. 
Since burning proceeds from the surface of the star perforation outwards 
toward the case, the propellant and restrictor serve as thermal insulation 
for the case, thus preventing the wast"e-of energy as loss of h~at through 
the case. This thermal. insulation also made possible the construction of 
the case from a light-.reigb.t, high-strength alloy. Due to the length of 
the rocket it is impractical with standard manufacturing tolerances to 
obtain a fit such that there is no space between the outside surface of 
the grain restrictor and the inside surface of the case. Passage of 
combustion gases, and hence pressure, ;l.nto this space between the grain 
and case is prevented by means of an obturating gasket at the forward 
end of the grain and by a sealing putty at the rear end of the grain. 
Consequently, ·upon ignition the pressure within the star perforation 
expands the grain and restrictor until they seal firmly against the case. 
The grain is re-strained against longitudinal movement due to acceleration 
and other forces by means of a narrow shoulder at the entrance of the 
nozzle. The periphery of the grain·rests upon this shoulder. Additional 
support is obtained from the static friction between the grain and the 
case. This method of grain support minimizes the blocking of the nozzle 
entrance. 

The 10-1nch-diameter rocket.- The flight-test external configuration 
and dimensions of the 10-inch-diamater scale model of the l6-inch-diamater 
multi perforated, cast-grain rocket is shown in figure l(d). The external 
configuration was chosen for ease of construction and alteration of weight 
to achisve di~erent accelerations rather than for excellence of aero­
dynamic properties. The- construction details of the nose and tail assembly 
of the flight version of the 10-1nch-ecale rocket motor are shown in 
figure 1 (e) . The different weights are achieved by lightening the head 
without altering the external shape of the rocket. The weights of the----­
eight rounds tested are given in the table of figure l(d). 

The-IO-inch-ecale model rocket motor used the 8.43-inch-diamater 
multiperforated, cast-gre.in propellant. A crose section of the rocket 
grain is shown in f'igure l(f). The grain was restrained against 
longitudinal lOOvement due to acceleration and other forces by a narrow 
shoulder at the nozzle entrance upon which the periPhery of the grain 
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rested.. The acceleration and other load.s upon the central parts of the 
grain were therefore tra.nsm1tted. through the pro~llant to this should.er. 

Test cond.1tions.- Five of the 9.25-1noh-d1~ter Deacon rockets, 
rounds one to five, 1nclusive, of figure lea), were tested at a preig­
nition te~rature of 770" F, each at a progressively greater acceieration 
effected. by reducing the head weight. Upon campl.etion of' these firings 
with no evidence of' mal.:f'unction1ng, tests were made at elevated and 
reduced preignition temperatures by f'iring four more rounds at weights 
appro:rlmately equal. to the minimum weight of' the no F' firings. ·Two of' 
these rounds, numbers 6 and 7, were f'ired at a preignition temperature 
of' 1200 F, and two, numbers 8 and 9; were at a preignition tem.:perature 
of' 400 F. Round. number 10, which 'Was for the purpose of' obtaining drag 
measurements at s:peeds below a Mach number of' two, was f'ired at a preig­
nition temperature of' 7fO F. 

The 100-watt OW Doppler radar is ca:pa.ble of obtaining velocity d.ata 
f'or the Deacon configuration up to ranges of 20,000 feet. It 'Was found. 
that the coasting velocity of a nominal Deacon at this range was in excess 
of Mach number 2. By reducing the propell.antand: thereby decreasing the 
burning time, the ranee and velocity at burnout would be lower, and 
therefore a lower velOCity range can be investigated before the round's 
flight range exceeds 20,000 feet • Consequently, round number 10 was 
fired with a pro:pellant weight d.esigned to give "a maximum velocity equal. 
to the velocity of the :f'ull charge rounds at a range of 20,000 f'eet. 

Three of the 10-1nch-d1ameter scale model cast-grain rockets, rounds 
numbers one to three, inclusive, of figure led), were f'ired at a ~ F 
preignition temperature but at different weights in order to obtain 
d.1f'ferent accelerations. Upon completion of these f'irings without 
evidence of' malfUnctioning, five add.1tional rounds were f'ired. at elevated. 
and lowered. "preignition temperatures, all at approximately the same 
weight, but a weight which was less than the mininnnn weight of' the 7~ F 
f'irings (fig. l(d.». The elevated te~rature rounds, numbers 4, 5, and. 6, 
were f'ired at a preignition temperature of' 1200 F; and. the red.uced temper­
ature rounds, numbers" 7 and 8, at 400 F. 

The rockets were brought to the d.esired preignition teIIqlerature by 
cond.1tioning in ~ temperature-controlled. chamber f'or a length of' time 
suff'icient f'or atta1nlllent of' unif'orm temperature throughout the pro­
pellant. They were then f'light-:tested immed.1ately after removal from the 
cond.1tioning chamber in order to insure no appreciable change in 
temperature • 

• 
Test technique.- All of' the rockets were launched from the ground. 

at an elevation angle of' 700 in ord.er that the early part of their 
trajectories, during which the radar velocity measurements were road.e, 
would. be apprpxilIlately straight lines. Time histories of' the rocket 
velocity d.uring approximately the latter two-thirds of the thrusting time 
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in the case of the Deacon rockets, and approximately the latter half of 
the thrusting time in the case of the 10-1nch-scale model rockets, were 
obtained by a lOO-watt contiIiuouS-wB.Ve Doppler radar. In addition, 
this unit gave for both rockets the flight velocity subsequent to burn-
out for a considerable length of time. -

The radar unit was located as closely adjacent to the point of 
launching as was practical with the beam pointing along the trajectory. 
It measures the velocity of recession of an object by means of the 
Doppler effect. This system has been described in reference 1. The 
Doppler radar data also yield the slant ranges of the rockets, from which 
the altitudes can be determined by assuming straight-line trajectories. 
Measurements of velocity by means of the-Doppler rad.a.rduring the initial 
flight of the rockets were precluded by inab~lity to track with the radar 
equipment. Adequate protection of the radar and its tracking crew re­
quired placing the equipment 150 feet from the launcher. For the first 
fraction of a second of the flight no rad8r-data could be taken. The 
short burning time of the 10-inch-scale model rocket motor prevented 
the taking of radar data for most of the burning period, and the tests 
of these rocket motors were conducted without attempting to obtain the 
thrust time histories. 

Fixed-line-of-sight, h1gh-epeed, 35-m1ll1meter motion-picture cameras 
were located so as to cover the launching and the first 100 feet of the 
trajectory of the Deacon rockets, and the launching and the first 
1000 feet of the trajectory of the 10-inch-dial!leter rockets. The cameras 
provided measurements of the time--delay between ignition and the beginning 
of motion, time histories of the initial part of' the trajectories, and 
qualitative informat~on on the ignition and build up of thrust as 
evidenced by the jet exhaust and' flame patterns._ 

The records from all instruments were t~ynchronized by means of 
a master electric timer. 

At the time of the tests, measurements of the pressure and temper­
ature of' t'he atmosphere were made by-----standard radios9ndes. From these 
measurements, the velocity of' sound and the density as a function of 
geometric altitude can be computed. 

Accuracies.-Radar velocity measurements have been preViously 
compared with other methods of velocity meas'l:ii'ements and have- been found 
to agree within 1 percent (reference 1). From SCR-584 tracking data for 
round 8 at an elapsed time of 14 seconds, the error due to curvature of 
the flight path was less than 1 percent, and for round 10, 'less than 

, 

1 percent at 11 seconds. The camera data were less accurate than the- ~ 
radar data and wereuseo. only where radar data were nat obtainable. Time 
measurements are electronically controlled_ to 0.01 percent and the instant-
of firing may be in error by 0.005 second. F 
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Experience has shown that the mean curve of the drag data of five 
rounds reduced from. Do:r;ipl.er radar records may be e:x:;pected to be within 
1 :percent of the mean curve of 95 percent of the rounds (reference 2). 
Loss of any grain-restricting material during bur.oing would result in 
an add! tionaJ. error in the calculated drag. 

The assumption of the mass being burned at a constant rate results 
in an error of less than 2 percent of the tbrust. ::Because of the decrease 
in atmospheric pressure at altitude, the tbrust :measured at altitude is 
greater than the thrust at sea level by an amount equal to the product of 
the ent area of the nozzle and the difference "in pressure at sea level 
and altitude. 

RESULTS AND DISCUSSION 

The 6. 25-Inch-Diamater Deacon Rocket 

Yelocity.- Time histories of the velocity of Deacon rounds, numbers 2 
to 10, inclusive, are given in figure 2. No data were obtained from 
round number 1 because of instrument ".failures. The solid-line port ion of 
the velocity curves was obtained from. the Doppler radar. The initial 
part of the velocity curve that is shown as a broken line was obtained 
from the camera data and interpolation between the radar and camera data. 
Zero time in figure 2 and in all other figures corresponds to the instant 
of application of the firing voltage. The velocity time curves show that 
a time delay occurred between the application of firing voltage and the 
beginning of motion of the rocket. The ma.x.imu:m velocity and its instant 
of occurrence are given in the fi~s. 

Round number 6 achieved a maximu:mvelocity of 4180 feet per second 
at an elapsed time of 2.9 seconds at a gr'oss weight of' 190 pounds. 

Acceleration.-T1me histories of' the acceleration. of the Deacon 
rockets are presented in f'igure 3. These curves were obtained by differ­
entiation of the time histories of' the velOCity. The solid and broken 
portions of the curves correspond to the similar parts of' the curves of 
velOCity given in figure 2. It can be seen that" within the range of 
preignition temperatures and gross weights investigated, the maximum. 
acceleration consistently occurred shortly before burnout of the rocket. 

A marlnmm acceleration of 66 times gravity was reached by round 
~umber 5 at 2.6 seconds. 

\. 

-I 
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Drag coefficient.~ The drag of the rocket during the coasting period 
is equal to the product of the deceleration and the mass of the rocket at 
burnout- diminished by the---component of the weight in the direction of the 
flight p3.tb. as given by the equation of motion D = Mad - W sin e. The 
assumption was made that the mass of the rocket at burnout and during the 
coasting period o:f the :flight .is equal to the initial. mass o:f the metal. 
parts pl.us the initial. mass o:f the restricting material. Utilizing the 
radiosonde data and the :flighi trajectories, the drag was converted to a 
drag coe:f:ficient based on the-maximum diameter o:f the rockets, which was 
6.75 inches. This coefficient is shown plotted against flight Mach number 
in :figure 4 for the Deacon rockets. In the technique used, the range o:f 
the OW Doppler radar limited tne drag data :for the lower Mach numbers, 
and even considering the reduced velOCity o:f the special. round lO~ the 
drag data were for speeds in excess of Mach number l. Therefore, -ehe curve 
o:f drag coefficient does not extend below Mach number 1..1.. The drag­
coefficient data.shown in figure 4 show good agreement between Mach 
numbers of 2.0 and 3.6 for the various rounds tested. As shown in 
figure 4, the variation of drag coefficient with Mach number for the 
Deacon configuration can be .approrlmated by an expression of the-

tYJle C + vl- 1). 

Thrusji.- The-thrust of the rocket at any instant is equal to the sum 
of the product of thetotaJ.: mass and acceleration, the- drag, and the com­
ponent of weight in the direction of the :night p3.th as given by the 
fol.l.owing e~uatlon o:f motion: 

T = Ma + D + W sin e 

The instantaneous mass of the rocket was taken as the initial. ma.-ss 
of the rocket less the mass of' pro:pel.l.ant eXl?6nded. The propellant was 
assumed to be expended at fi constant rate- throughout the burning period. 
The val.ues of' acceleration were taken f'rom. figure 3. 

The time histories of the drag during the burning period were com­
puted from the curve- of drag coefficient in figure 4, the radar velocity, 
and atmospheric data. The drag-coeffio1ent data of figure 4 were 
corrected for base pressure drag over the nozzle area during coasting 
using data reported in reference 3. No data for drag below a Mach number 
of 1 were available. Sillce the drag in this region. is a small :fraction. 
of the thr).tst, it- could be neglected. However the subsonic drag was assumed 
to be-given by the dotted curve of figure 5. e is again assumed constant. 
The thrust and the various item.s of the equation of motion are shown in 
figure 5. The broken portions of the--curves Me. and thrust in figure 5 
correspond to similar portions of the acceleration curves (fig. 3). 

] 
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It will be noted that there are two thrust peaks shown in f'igure 5, 
one near the beg:tpn1ng and one near the end of' the burning period. The 
small port area of' the propellant creates a significant degree of' erosion 
of' the rear portion of the propellant grain during the early part of the 
burning period. The f'irst thrust peak is a result of' the increase in 
burning rate due to the erosive action of the higb.-'Velocity gases passing 
through the restricted port area.. As burning progt"esses the increase in 
port area red.uces the erosion and the thrust reaches a minimum. Through­
out the burning period the burning surface increases. The burning surface 
and burning rate finally increase sufficiently to create the second thrust 
peak. 

Figure 5"(b) shows that round 3 has some f'luctuation in thrust during 
the first second of burning. 

The values of the ·total 1m.pulse of the Deacon rounds are equal to 
the areas over the thrust...:t1me curves of figure 5. The values of' total 
impulse are given in table 1. The variation of' the individual ro1ID.ds is 
within 4 percent of the average value of 19,680 pound....aeconds. The 
average value compares closely with the design. value of 20,000 pound.­
seconds (ref'erence 4). 

Forces acting on propellant grain.- In the static tests of rocket 
motors, there are two forces tending to dislodge the grain in the longi­
tudinal direction; namely, the force due to the difference in the gas 
pressures acting on the two ends of the grain and the viscous f'rictiQn 
force of the flow of gases along the grain. In flight these same forces 
are present as well as an additional force due to the inertia of' the 
grain. To show the magnitude of the forces acting on the propellant grain, 
the presstire" viscous, and inertia forces were calculated for round 
number 5. Computations of the pressure and friction. forces were made by 
the methods of reference 5. The inertia force acting on the propellant . 
grain was the product of the grain mass and instantaneous value of accel­
eration obtained from figure 3 (d) . The time histories are presented in 
figure 6. The variations of the viscous and pressure forces are siInilar. 
These forces reach a IlJfI"lrlIDuID within a half second after firing and drop 
off' rapidly until burnout. The acceleration load reaches its peak slightly 
later and decreases only gradually until just before burnout. Figure 6 
also shows the total force a:cting on the propellant grain in flight. For 
comparison the total force· acting on the grain during a ground firing is 
also given. In both cases the maximum value of the total force reaches 
a maximum within a short time after firing. These f'orces have signif'icance 
if the retaining loads on the propellant grain are critical. 

The total grain force was divided by the instantaneous weight to show 
the average load applied to each unit of grain weight. Plots of this param­
eter are shown in figure 6 (b) both for flight and static firings. The 
unit loading in static firings has a single IDaxjWUlt coincident with the 
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~irst thrust peak. However, in ~light the ave~ force on e~ch unit o~ 
grain weight has a peak about the time o~ the ~irst thrust peak and 
another o~ equal magnitude very close to burnout. Breakup o~ the- grain 
would therefore be expected near i;.he beginning or near the end o~ the 
burning per!od, if it is to occur. 

Ef'~ects o~ preignition temperature-.- The initial temperature of the 
propellant &ain ~~ects the internal ballistics of a. rocket motor. The 
burning rate o~ the gr-ain increases with increasing preignition temper­
ature and leads to higher combustion pressures. Conversely, low pre­
ignition temperatures lead to slower burning rates. At extremely low 
temperatures a violent ~luctuation o~ the burning rate, a phenomenon 
known as ch~~ing, is encountered. An additional low04emperatur.e limi­
tation o~ a rocket motor is the ~act that propellant gr-ains become-
brittle at lowered temperatures with a tendency to crack when stressed 
by ~iring pressure or acceleration loads. The cracking o~ a rocket pro­
pellant grain may result in the loss o~ per~orma.nce through the loss o~ 
propellant or 1nthe destruction o~ the rocket through an excessive 
increase in the combustion pressure.-An additional possibility is present 
in the case o~ the- Deacon because o~ the use o~ ,the light ailoy case. I~­
cracking o~ the grain were-to expose the case to the ~lame, ~ailure would 
occur due to the inability o~ the case material to withstand high 
temperatures. 

In the present investigation two Deacon motors were ~ired at a pre­
ign:J,.tion temperature of 400 F, two at 1200 F, and six at 770 F, and no 
motor failures occurred. The range o~ temperatures covered is gr-eat 
enough to prove the pe~ormance o~ the Deacon for ordinary use. Table I 
shows only a small variation in total impulse over the range o~ preignition 
temperatures. This indicates that no 8igni~ica.n:t amount of propellant 
'Was lost due to grain cracking or any other cauae. The effect- of pre­
ignition temperatures on the action time presented in figure 7 is greater 
at·low temperature than over the-higher end of the range tested. 

Camera studies o~ launchings.- It had been noted that large forces 
tended to dislodge the-propellant at apprOximately one-half second after 
ignition took place. Sequence photogr-aphs ware taken of the launching_ 
and o~ the ~irst hal~ second of flight. The photographs- of round number 1, 
which are representative o~ all the launchings, are presented in figure 8. 
The time at which a photograph was taken is listed opposite each frame. 
Zero time was taken to be the instant when the electrical voltage was 
applied to the rocket motor. 

A study of the photogr-aphs did not reveal e:n::r indications that pro­
pellant failure OCC1.UTed., resulting in chunks of propellant in the 
exhaust- jet. Intermittent puf'fs of black smoke can be observed in the 
exhaust jet-;- OccaSionally the smoke ~s burst into ~la.me. 

, 

, 
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The photographs provided a method o-r determiniD8 the ignition delay. 
From a summary o-r the data taken from. these sequence photographs, it was 
determined that the ignition delay amounted to 0.025 seoond. From the 
instant o-r ignition, there was an additional. delay 'Whioh averaged 
0.055 seoond be-rore the build up o-r pressure a:p.d thrust resulted in aotual 
motion o-r the round. 

The 10-Inch-Bcale Model Cast-Grain Rooket 

Velocity.- Time histories o-r the velocity o-r the 10-inoh-diameter 
soale model rounds,.nUI$ers 1 to 8, inolusive, are given in -rigure 9. These 
curves were obtained :from CW Doppler radar and ca:mera data in a similar 
manner as the velocity time curves -ror the Deacon rounds; however, the 
ca.:mara data -ror these rounds overlapped the radar data. The short burning 
time o-r these rockets in combination with the lower- aoceleration pre­
cluded the use o-r radar :IIlBasurements -ror a large portion of the action 
time. The radar data did yield the time and the value of the mexiWlm 
velocity. The values -ror each are noted in -rigure 9. A maximum. velocity 
of 1625 -reet per seoond was reached by round number 5 at a time o-r 
1.075 seconds a.t a gross weight o-r 309 pounds. This round also had the 
maximum acceleration o-r 60.8 times gravity at 0.8 second. The total 
impulse is given in table II. The variation o-r the individual rounds 
is within 4 peroent o-r the average value of 14,070 pound-seoonds. This 
average value is slightly above the design value of 13,900 pound-seconds 
(referenoe' 4). 

Drag ooe-r-rioient.- Data from ,the last five rounds give the variation 
o-r drag ooeffioient throughout the transonio range (-rig. 10). The drag 
coef-rioient i;3 based on the area at the maxinmm diameter of 11.25 inches. 

Effects of i tion tem rature.- From the velocity time histories 
-ror the 10-inoh-diameter rookets fig. 9), it is possible to approximate 
closely the values of the aotion time for the various rounds. The ourve 
of action time as a function of initial temperature presented in figure 11 
shows the ef-reots of preignition temperature for the 10-inch-di'ameter 
rounds. It oan be seen from the uniformity of the action time of the 
rounds -ror their respective temperatures that the per-rormance o-r the 
rocket motor was sati'sfactory. 

CONCLUSIONS 

A flight investigation o-r the 6. 25-inoh Deacon rocket motor showed 
the following: 

1. With initial temperature o-r the grain at 770 F the rooket motor 
funotioned satisfactorily through a range of accelerations up to 66g. 
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2. With the acceleration limited to approximately 66g the irocket 
motor f'unctioned satisf'actorily at initial temperature limits o:f 400 F 
and 1200 F. 

A :flight investigation of' the 10-inch-diameter scaled model of' the 
16-inch-diameter multiper:forated, cast-grain rocket motor showed the 
:following: 

l. With initial. temperature of' the grain at no F the rocket motor 
f'unctioned satisf'actorily through a range o:f accelerations up to 6og.-

2. With the acceleration limited to approximately 60g the rocket 
motor f'unctioned satie:factorily at initial temperature limits o:f 400 F 
and 1200 F. 

Langley Aeronautical. Laboratory 
National Advisory Committee :for Aeronautics 

Langley Air Force Base, Va. 
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TABLE I 

" TOTAL IMPOIBE OF DEACON 

Varia.tion 
Bound Initial weight Maximum velocity Total 1m.pu1S& of total 
number (lb) (ft/sec) (lb-seo) impulse 

(percent) 

2 232.65 3307 20008 1.7 
3 215.30 3571 19800 .6 
4 213.40 3747 20168 2.5 
5 197.45 4094 19912 1.2-
6 190 .. 50 4180 19512 -.9 
7 196.51 4122 19904 1.1 
8 196.08 3817 19160 -2.6 
9- 197.49 3667 18976 -3.6 

avo 19680 
r 

TABLE II t 

Varia.tion 
1 

RO'lmd Initial weight Maximum. velocity Total 1m.pulse of total 
number (1b) (ft/seo) (1b-aec) impulse 

(percent) 

1 334.58 1430 13860 -1.5 
2 339.37 1399 13680 ~.8 
3 394.85 1228 14200 .9 
4 310.07 1621 14680 4.3 
5 308.58 1624 14460 2.8 
6 305.07 1619 14140 .5 
7 307.64 1523 13850 -1.6 
8 316.08 1473 13680 ~.8 

.. 
,. 

, 
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