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OF A SOLID-FUELROCKIZTMOTOR

. .
By Leo V. GiMdett and Andrew R. Winemsm

suMMARY
,

~ order to provide data for a jet-vane stabilization system, the
characteristics of a particular vane configuration in the jet of a
6.25-inch Deacon solid-fuel rocket motor were determined from static
tests. The vanes were oscillated during the test to provide compre-
hensive data over a rsmge of deflection angles. The”effects of the
rocket jet on two vane materials, the aerodynamic characteristics of
the vanes, and the influence of jet vanes on rocket-motor performance
were determined.

Polished SAE 1020 steel and carbon-graphite vane materials were
tested. The SAE 1020 steel vanes were considered to be satisfactory
in aU respects and may be incoqmrated, without change, into a sta-
bilization system employing the 6.25-inch Deacon rocket motor.

Vane aerodynamic data sre presented in both force and coefficient
forms. Lift and hhge moments varied linesrly with deflection angles
through a range of -12.50 tO 12.50. A msximum lift of 76 pounds was
obtained with hinge nrments of less thm 6 inch-pounds. Lift- and Mqe-
moment-curve slopes expressed as coefficients were constant at 0.0199
and -0.00060 per degree, respectively, for the duration of the tests.
The center-of-pressurelocation was constant at 42.5 perce?t chord
throughout the tests. A msxhum drag of 75 pounds was tit considered
to be excessive for this application.

The effects of the jet vanes on rocket-motor performance are gi~en
as impulse losses. The measured impulse loss for four vanes, pulsed to
*12.5°, was 3.63 percent of the rocket tote+ impuise. If four vsnes were
at a maximum deflection throughout the test, the estimated impulse loss
would be less than 4.50 percent; if at zero deflection, the impulse loss
would be slightly greater-than 3 percent. - ‘-”” “
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. INTRODUCTION

NACA RM L72F12

The forces available from deflecting a high-velocity jet caribe
utilized to provide stability and control for jet aircraft and rocket-
powered missiles. Jet vanes may be used to an advantage when the dynamic
pressure over the external lifting surfaces is low, occurring when the
aircraft is at low velocities or high-altitude flight.

In the investigationsmade by the Pilotless Aircraft Research
Division, aerodynamic research models are propelled in flight by solid-
propellant rocket motors. In order to provide stability for models
employing booster motors, large f@ed fins we used. The design of
these fins is complicated by problems involving aeroelasticity and
flutter, resulting in fins having considerable weight and drag which
reduces the rocket impulse available for accelerated flight. An analysis
indicated that the fixed-fin booster could at best be only moderately
efficient and an attempt should be made to find a more efficient system
of stabilization.

The feasibility of deriving forces by the deflection of a portion
of the rocket jet was reported for ground tests in reference 1. After
this investigation, preliminary flight tests were made to determine the
effectiveness of a complete fin-actuated jet-vane stabilization system.
These tests were reported in reference 2 and the conclusion was made
that this system possessed many advantages over the fixed fins. The
jet-vane system was not only more effective at low speeds, but exhibited
a markedly higher booster efficiency. These conclusions led to the
initiation of an investigation into the application of the”jet-vane
system to the 6.25-inch Deacon rocket motor, large numbers of which are
used as booster motors. This investigation required that a suitable
jet vane be evolved and that the aerodynamic characteristics of the
vanes be determined prior to their incorporation into a complete system.

Accordingly, a series of static tests of a particular vane configu-
ration were made by using the d.25-inch Deacon rocket nmtors, the results
of which are reported in this paper. This information will apply to the
design of a complete jet-vane stabilization system. .

SYMBOLS

lift coefficient, L/q&

drag coefficient, D/q&
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hinge-moment coefficient, H/c@e

lift of one vane, lb

drag of one vane, lb

hinge moment of

measured rocket

rocket thrust,

one vane, in-lb

thrust, lb

Fm +

total side force, lb

total yawing moment,

2DP + 2Df, lb

in-lb

rate of change of lift coefficient with v~’deflection}
dCL/db, per degree

rate of change of hinge-nmment coefficient with vane deflec-
tion, dCh/d5, per degree

rate of chsnge of lift with vane deflection, dL/d5, lb/deg

rate of change of hinge moment with vane deflection, dH/d5,

ti-lb/deg

time, sec

vane deflection, deg

area of one vane, sq in.

vane s-pm, in.

vane chmd,

vane aspect

Mach number

jet dynamic

in.

ratio, b2/s

pressure, lb/sq in.

measured static pressure, lb/sq in.
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C.p. center of pressure, percent chord

I totsl hpulse,
J
F dt, lb-see

subscripts:

! e rocket nozzle exit

a atmospheric

c head end of rocket chamber

n nozzle entrance

t P pulsed-jet vane

f fixed-jet vane

of rocket chamber

NACA RM L52F12

from the leading edge .
.

.

.

APPARATUS AND TESTS

Jet Vanes

.
.

A simple jet-vane configuration (fig. 1) was selected on the basis
of successful tests which were reported in reference 2. The 6.19-tich
diameter of the nozzleexit necessitated the use of relatively smaJJ-
vanes. Since maximum erosion was expected near the center of the jet
where temperature and velocity were greatest, the span of the vane was
limited to 1.25 inches. In order to obtain a reasonable”liftingsurface,
the chord was fixed at 2 inches. Vane hinge axes were located at 30
snd kO percent of the chord. The aspect ratio of this plan form was
0.625. Other vane investigations reported in references 3 and 4 also

I used low-aspect-ratio vanes.

I

I

The requirement for a suitable jet-vane material is that it sub-
stantially retains its configuration throughout the burning time of the
rocket, regardless of the aerodynamic loads imposed and the erosive con-
ditions encountered in the jet. The vane materials must possess either
high thermal conductivity and melting temperature or adequate he@-
resisting properties. Polished SAE 1020 steel and carbon-graphite vane
materisls were tested. The selection of 1020 steel as a jet-vsne mate-
rial’was influenced by the behavior of several metals exposed to a rocket
jet (as repo%ed in refs. 5 and 6). Carbon ~aphite, a commercially
available product, has excellent heat-resisting properties in a reducing
atmosphere (a deficiency of oxygen), a condition peculiar to the jet of
the rocket motors used for these tests. ‘Forthis particular jet-vane
application, grade u carbon graphite with a skin treatment was recommended.

.--=z.r=.~-.
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Thrust Stand and Vane

The forces acting on the rocket motor

Bslance

and jet vanes are shown in
figure 2. Thrust, side force, and yawing momen~ were measured with the
three-component thrust stand. (See fig. 3.) The rocket motor was sup-
ported at two points as shown in figure 3(a). The rocket-head cap was
made to be an integral part of the front su@port, whereas the nozzle
end was held in rollers. These rollers permitted axial vibration sad
expansion while restraining vertical and side-ways motion. The front
support incorporated electric strti-gage besms for measurement of
thrust. Side force and yawing moment were measured by.electric strain-
gage besms in both front and rear supports. Yawing moment was measured
about the yaw center as shown in figure 2 snd thrust was calibrated with
the instrument shown in figure 3(b). A steel cable, loaded ti tension
by a hydraulic power unit, a@ied force slong the rocket axis. The
applied loads were established by a ring dynamometer integral within the
cable. Side force and yawing moments were calibrated by the application
of loads established by a ring dynamometer.

.
The jet-vane balance (fig. 4) incorporated electric strain-gage

besms t-omeasure vane lift, drag, and hinge mbment. These beams were
calibrated with dead weights. The vane deflection indicators were cali-
brated (fig. L(b)) by the use of a pointer replacing the jet vane md a
graduated sector mounted on a frsme fitted to the nozzle. The nozzle
entrance, nozzle exit, and head pressures were measured with electric
strain-gage type of pickups. o

Rocket Motors

The rocket motors used for the tests were 6.25-iIIch Deacon motors
which have a single, internal burdngj star-perforated grain. A steel
pressuxe take-off chamber was assembled between the heat-transfer cou-
pling and the nozzle as shown h figure 5. Nozzle-entrance static pres-
sure was taken off the wall of this chamber. Ih order to promote smooth
burning, 90-inch resonance rods were used instead of the standard 72-inch
rods. The stsadard igniters were replaced with NACA igniters. Provisions
were made for static-pressuretake-offs at the head cap and nozzle exit.
A besring band was clamped sround the rocket chamber at the thrust-stand
rear sup~rt in order to distribute the side-force loads.

‘The 6.25-inch Deacon nmtor is made in two types, 3.5 ES-5700 and
3.5 DS-5700. Duri@g the investigation, the use of-the 3.5 ES-5700 Deacon
motor was discontinued and the 3.5 DS-5700 Deacon motor was adopted in
its place; accordingly, a 3.5 DS-5700 Deacon
Nominal rocket data for the 6.25-tich Deacon

=....+_
~-’

motor was used h zest 3.
motors are shown in table I.
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— .- ——_

6

Jet-Vane Testing Assembly

The jet-vane testing apparatus consisted of

NACA RM L52F12

two principal parts --—
a vane support assembly and a vane pulsing mechanism. The vane support.
asseniblyconsisted of a collar clamped around the rocket heat-transfer
coupling and four vane support arms attached to the colhr 90°’apart.
(See fig. J(b).) Two opposite vanes were positioned at zero deflection
relative to the rocket jet. The pulsed vanes (fig. J(a)) were held in
a manner to permit rotation about a common axis perpendicular to the
jet. The angular deflections of the vanes were obtained by means of
slide-wire potentiometers. The arm supporting one of the pulsed vanes
incorporated an electric strain-gage balance to measure lift, drag, and
hinge moment. The pulsing mechanism (fig. J(a)) consisted of an electric
rotor with a speed reducer mounted in a rigid steel frame fixed to the
thrust-stand rsils. Rotation was transmitted from the motor to the main
shaft through a vee belt. Identicsl linkages converted the rot~ motion
of the main shsft to an unsymmetrical oscillating motion of the two vane
shafts. The vane shafts incorporated flexible and sliding joints, pre-
venting extraneous forces from influencing the vane data. No-load maxi-
mum vane deflections were *14°.

.

Instrumentation

Forces, moments, and pressures were measured with strain-gage
pickups, whereas vane deflections were determined by the use of slide-
wire pickups. By the use of potentiometers these measurements were com-
pleted through galvanometerselements of a recording oscillograph which
yielded continuous time histories of the following: vane deflections,
lift, drag, hinge moment, thrust, side force, yawing moment, head pres-
sure, nozzle entrance pressure, nozzle exit pressure and ignition delay.
The calibration of the preceding .quantitieswas linear with trace deflec-
tions producing constant calibration factors. With the exception of side
force and yawing moment, the data obtained from the oscillograph records
have been found to b-eaccurate within *2 percent of full-scsle trace
deflections.

Two 16-~imeter high-speed nmtion-picture cameras photographed ,
the tests in color. These photographs, in addition to visual observa-
tions, provided qualitative data.

Tests

Three tests were made in this investigation. During the tests, the
vanes were pulsed approxtitely *12.~o. The time for one cycle was

approximately 1.76 seconds in test 1, 0.88 second in test 2, and
..

.—
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0.~ second
tests 1 and
Vane S, with
figure 5(a)

in test 3. The vane-hinge axes were 30-percent chord in
2 and at b percent chord in test 3. The position of the
respect to the rocket nozzle, was maintained as show in
for all tests.

.

b test 1, the two pulsed vanes were carbon graphite, whereas the
fixed vanes were steel. An Inconel shield was attached to the upper
vsae to protect the vsme balance. In test 2 the upper pulsed vane was
steel and the lower pulsed vane was carbon graphite. The fixed vanes
were also one steel and one carbon graphite. b test 3, &U- four vanes
were steel.

RESULTS AND DISCUSSION

Quantitative and qualitative information was’obtained from all the
tests. The behavior of the two vane materials in the rocket jet was
observed. The aerodynamic characteristics of one of the vanes were
determined, and the effects of the vanes on the rocket performance were
found.

Jet Vanes

In test 1, pulsed vanes were grade 15 carbon graphite and the sta-
tionary vanes were SAE 1020 steel. Despite the fact that it was impossi-
ble to c~culate the strength of either steel or carbon graphite at ele-
vated temperatures (stagnation temperature varying from 3600° to 4200° R),
it was anticipated that the carbon graphite would be more suitable
for the test than SAE 1020 steel because of its better heat-resisting
properties. The lower vane, which was constructed of csrbon graphite,
was broken off immediately upon ignition of tinerocket motor. This vane
is shown h position in figure 6(a) and also shown second from the left
in figure 7(a). The fracture exposed the untreated interior of the vane
to the action of the jet; however, little erosion of the stub was “
observed. No conclusion could be made as to the erosive resistance of
the carbon graphite since the vane stub was nesx the outer boundaries
of the jet. The upper vane, also carbon-graphite,was broken by the
balance shield which warped into the jet riearthe end of the test. It
is shown as the extreme left vane in figure 7(a). A study of the motion
pictures of the test failed to reveal any excessive erosion of this vane
prior to the fracture. The steel vanes were slightly eroded,at the tip .
of the leading edge. (See fig. 7(a).) A slight oxidation at the junc-
tion of the vane leading edge and end plate occurred on all vanes in
test 1. This phenomenon was more pronounced in the carbon-graphitevanes
than on the steel, since steel oxidizes less readily at these temperatures.
The SAE 1020 steel vane materisl appeared completely satisfactory, although
the effect of being pulsed in the jet was not determined.

—: .— .— —.. . —
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Accordingly, in test 2, both SAE 1020 steel and carbon-graphite
.

vanes were pulsed in the jet. An SAE 1020 steel vane was used on the
vane balance, since it was more likely to last the duration of the test.
The excellent condition of SAE 1020 steel vanes from test 1 warranted.

.

their reuse in test 2. The lower pulsed vane (fig. 6(b)) was carbon
graphite and was noticeably more eroded than the fixed carbon-graphite
vane adjacent to it (as shown by the two vanes on the left of fig. 7(b)).
As a comparison of the erosion between carbon graphite and steel, the
two vanes on the right of the same figure are the pulsed and ftied steel
vanes; these vanes did not exhibit any additional erosion due to motion
in the jet. It was evident that the steel vanes were less eroded in all
cases thsn the carbon-graphite vanes. It was slso found that the carbon+
graphite vanes were subject to chipping and breaking due to handling, an
indication that steel vanes were more reliable.

.

All four vanes used in test 3 were SAE 1020 steel. The second test
tidicated that the vane hinge mments were larger than desired. In order
to reduce these hinge moments,‘the vane binge sxis was shifted from 30
to ~ percent of the chord. Calculations indicated that the stagnation
temperature of the jet of the 3.5 DS-5700 rocket motor used in test 3
was 3584° R, which was considerably lower than the @19° R temperature
encountered in tests 1 and 2 in which the 3.5 ES-5700 rocket motor was
used. The vanes used in test 3, all equally eroded, me shown in fig-
ure 7(c). The pulsed vanes, numbered 1 snd 3, and the fixed vanes,
numbered 2 and 4, suffered even less erosion than the vanes of test 1.
Although the lower stagnation temperature was down to reduce the erosion,
any effect of the change in jet-gas composition could”not be determined.
The fixed vanes exhibited distinct flow patterns etched in the thin
coating of combustion products deposited on all’vanes. The patterns
were not as clesrly deffied on the pulsed vanes. These patterns were
of no quantitative value, but they did illustrate the complexity of the
jet stream across the vanes.

High temperatures attending detached shock waves off the vane
leading edge caused local burning of the rocket nozzle in all tests.
(See fig. 6(b).) It was assumed that this did not affect the operation
of the rocket or the jet vanes.

Aerodynamic Characteristics

Vane-balance data.- The data furnished by the vane balance in test 3
are shown in figure 8. An inspection of the shape of the time history of
vane deflection tidicates that b increases from -l@ to 12° in O.l~,sec-
ond and decreases from 120 to -12° in 0.13 second. This unsymmetrical
pulse provided data for different deflection rates. The deflection-angle .
amplitudes were not constant because of the strain of the pulsing mechanism

~
. . ..--------1c—.—--
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. .
under load. Seven complete cycles of data were obtained in this test
including the lift, drag, and hinge moment of the vane.. Positive and
negativ6 signs were assigned to sll data for convenience in correlation
end identification only. Accordingly, for purposes of quantitative
evaluation, data were used without regard to sign. At maximum deflec-
tion ~es, vane lift varied from 62 to 76 pounds, hinge moment, from
3.9 to 5.7 inch-pounds, and drag, from 65 to 75 pounds. Drsg at zero
deflection angles varied from 48 to 57 pounds.

Thrust-stand data.- !Thrust-standdata consisting of time histories
of yawing moment, side force, rocket head press=, nozzle-entrance pres-
sure, and measured thrust me shown h figure 9. No quantitative com-
pari<on.could be made between the vane-balance data and thrust-stand
data since the side force and yawing moment experienced severe high-
smplitude oscillations at low frequency. Therefore, the side-force and’
ya-~-moment data were presented as f&ired values to be used only to
indicate the approximate forces to which the rocket motor was subjected.

Aerodynamicc forces.- The lift, drag, and hinge-moment data are
plotted against the deflection angle in figure 10 for a typical cycle
occurring from 2.o4 to 2.46 seconds in test 3. The lift-curve slope was
5.65 pounds per degree for decreasing b and 6.05 pounds.per degree for
increasing b. Similsrly, hinge-moment slopes were -0.36 and -0.’43inch-
pound per degree, respectively. This difference is mainly due to varia-
tion in dynamic pressure. The minhum drag of 54 pounds occuxred at
zero deflection angle and-the drag rise due to lift wa’sa maximum of
20.8 pounds for 120 deflection. Both lift and hinge moment for this
deflection range were linear. The lfneariiy coupled with the good lift-
curve slope and low hinge moments that were experienced make this vane
suitable as a means of control. Drag characteristics are not objection-
able for this application, since a thinner section would probably erode
excessively and fail structurally. The variation of lift- and hinge-
moment-curve slopes with time is given in figure I-1. These slopes are
plotted at times when deflection angles were zero. Lift-curve slopes
varied from 4.8 to 6.05 pounds per degree, whereas the hinge-moment slope
was practically.constant at -0.35 inch-pound per degree throughout the
test.

Aerodynamic coefficients.- In order to convert the vane forces to
coefficient form, an acceptable method for the determination of dynamic
pressure was needed. Since it was not possible to calculate the actual
dynamic pressure of the complex flow field across the vanes, it was “
necesssry to compute the average dynsmic pressure at the nozzle exit
-1
>- inch upstre~ of the vane leading edge, by the method shown in the
AU

appendix. This
nozzle-entrance

method requires time histories of measured
pressure (fig. 9), and vane drag (fig. 8).

. ——.

thrust snd
The time

-—. . ..—...— — —. —._..— —
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history of ndnimum or fixed vane drag is presented in figure 12 together
.

with the the history of thrust computed by equation (6) of the appendix.
Nozzle-exit pressure is not presented. The instruments which w== used
measured only positive gage pressures. An @ysis of the record indi-
cated that for psrt of the test the exit pressure was actuslly negative.
For the portion of the record which was valid, the static-pressure
ratio p~pe was found. This experimental ratio was equsl to @e theo-

retical value of 61 calculated by equation (5) of the appendix. Accord-
ingly, this ratio together with the time history of pn furfished values

of pe required by equation (3) of the appendix. The time history of

~ obtained by this method is shown in figure 12.

The lift, drag, and hinge-moment data were converted to coefficient
form from test 3. These coefficients sre plotted against the deflection
sngle in figure 13 for the typical cycle. The slope of the lift-
coefficient curve was 0.0191 per degree for both increasing and decreasing
vu deflections. Similarly, hinge-moment curve slopes were -0.00058 per
degree. Linesrity of both lift and hinge-moment coefficients was good.
Time histories of Cm @ Chb are given in figure 14. Lift-curve

slopes expressed in coefficient form do not exhibit any dependence upn
.

deflection rates. Because of the variation of ~ tith time, CL~ and

c~ remain essentially constant at 0.0199 and -0.0006 per degree, respec-
.

tively, throughout the test. This value of CL~ was higher than the

value of 0.0169 per degree calculated from reference 4 for a rectangular
flat plate with an aspect ratio of 0.625 and a Mach number of 3.2. This

phenomenon of eqeriment being ~ater than theory was slso noted in
reference 2. .

The variation of center of pressure with deflection angle for tes~s 2
and 3 is given in figure 15. The location appears to be independent of
the deflection @e with a value of 42.5 percent of chord-for both tests.
The center of pressure compares with the theoretical velue of 43.5 per-
cent chord which was determined by reference 8.

Rocket-Motor Performance

The performance of a rocket motor is generslly indicated by the
total impulse I which may be evaluated by taking the integral of the
thrust-time history. The impulse which was attributable to the vane drag
dur~ the test is similarly the inte~al of the drag time history. The
rocket total impulse of test 3 was evaluated as 17,225 pound-seconds and
was obtained by integration of the time history of thrust. The measured
impulse loss in test 3 was 625 pound-seconds, or 3.63 percent of total
impulse.

.

,
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From information
the penslties imposed
rocket. The greatest

*.- —---- Xl

obtained in this test, it was possible to estimate
by these jet vanes on the total impulse of the
possibIe impulse loss would have occurred if all

four vanes had been at a maximum deflection angle for the entire test.
The loss due to one such vsne (lgo lb-see) is %he integral of the value
of k time history which was obtained by fairing points of maxi-

mum D~. (See fig. 12.) Thus, the msximum loss for four vanes would

have been 760 pound-seconds, or 4.40 percent of the rocket total impulse.
Conversely, the minimum loss for one vane (1M lb-see) is the integal
of the ~ time history. Hence, the minimum loss for four vanes

woul~ have been 560 pound-seconds, or 3.13 percent of the rocket total
impulse.

CONCLUSIONS

The characteristics of a low-aspect-ratio vane immersed in the jet
of a 6.25-tich Deacon solid-fuel rocket nmtor were determined from a
series of static tests. Vane aerodynamic forces and coefficients were
ascertained. The losses in rocket performance due to the-vanes as well
as the effects of the rocket jet on two vane materials, yi~lded the
following conclusions:

1. Jet vanes: SA.E1020 steel vanes DrOVed satisfactory for this
particular application. Grade 15 c-bon-’~aphite vanes ero~ed excessively
and were found to be unreliable in operation.

2. Aerodynamicc ch&acteristics: The vanes were oscillated in the
jet to deflection angles of *12.50. Lift ad drag forces up to 76 pounds
were obtained with hinge moments of less than 6 inch-pounds. Both lift
and hinge moment were obsened to be linear. The lift-curve slope
varied from 4.8 to 6.1 pounds per degree, whereas hinge-moment slope
was practically constant at -0.35 inch-pound per degree. Lift and hinge-
moment coefficients, based on dynamic pressure at the nozzle exit, yielded
constant slopes of 0.0199 and -0.0006 per degree, respectively. The center
of pressure was found to be at 42.5 percent chord.

3. Rocket motor performance: The measured impulse loss for four
vanes was 3.63 percent of the rocket total impulse. It was estimated
that the impulse losses for this installation would always be between

3 and $percent.

.

.
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On the basis of these results, it is concluded that
are suitable for inclusion into a jet-mane stabilization
the 6.25-tich Deacon rocket motor.

9

Langley Aeronautical Laboratory
National Advisory Committee

Langley Field, Va.
for Aeronautics

NACA RML72F12

these jet vsnes
system emplo@ng

.

.
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DETERMINATION OF DYNAMIC PRESSURE AT NOZZLE EXIT

A method for calculating dynamic pressure at the nozzle exit was
developed in reference 1. For small divergence angles, the relation is, .

(1)

A correction factor A must be applied for large divergence angles a
which were given in reference 9 as

The value of A for the
Equation (1) after being

?w= ~(1+ Cos a) (2)

%

Time histories of F and

30° divergence angle of the tests was 0.933.
corrected for large divergence sngles is now

by equation (3).

If exit pressure pe

other means. The pressure

ratio ~/At and specific

[

lF 1‘—-( Pe -Pa)‘2AA.e (3)

pe are required for the evaluation of ~

is not recorded, it must be cal.culatedby

ratio Pe/Psn as a function of area

heat ratio y is given in reference 10 as
.

7+1 r .-n-~/2

(4)

The gas velocity at the nozzle entrance was
low to assume that the stagnation pressure

purposes equal to the static pressure pn.

considered to be sufficiently
psn was for all practical

Equation (4) thus becomes

. .— ..—. . . ..—— .._ ——- ..~ —
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,-g -’/2

()Pe y
l-~

n
(5)

The vslues of pressure ratio obtained from equation (5) accurately
duplicate experimental results. The exit pressure may now be evaluated
from measured vslues of nozzle-entrance pressure and the pressure -
ratio pn/pe obtained from equation (5). If pe is less than atmos-

pheric pressure pa, the nozzle, by definition, is overexpanded. Since

it is lmown that the jet stresm sepsrates from the nozzle wall at a
value of pe approximately equal to 5 pounds per square inch absolute,

the dynamic pressure should be calculated for the portions ~f the test
where pe is greater than 5 pounds per square inch absolute.

The measured thrust was less than that of similar rockets without
jet vanes. It was assumed that this difference was due,to the drag of
the jet vanes which were attached to the rocket motor. The thrust F .

is the jet thrust of the rocket motor with no jet vanes present, whereas
the meastied thrust Fm is F reduced by jet-vane drag. This relation

may be expressed as the following:

Fm=F- (%+ -)

F= Fm+(2Dp+~) (6)
.

The drag of the pulsed vane ~ and the measured thrust Fm are recorded

against t&ne during the test. The time history of the drag of the fixed
V- Df may be obtained by fairing points of minimum drag ~ from

the time history of ~. Instantaneous values of F may, therefore,

be calculated for use in equation (3).

.
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!I!ABLEI

NOMINAL ROCKET D&TA FOR 6.2~-~CH DEACON MOTOR

Powder type . . . . . . . . .
‘Powderweight, lb . . . . .
Burning the, 770 F, sec . .
Average thrust, 7’7’OF, lb . .
Average pressure, 770 F, psi
Total impulse, 770 F, lb-see
Nozzle-divergence angle, deg
Nozzle-throat diameter, in.
Nozzle-exit diameter, in. .
Area ratio, A+/l& . . . . .

Specific-heat ratio, Y . . .

aExit temperature, Te, deg R

allxit velocity, Qe, ft/see .

aExit Mach number, ~ . . .

aPressure ratio,.~/pe . . .

. . . . . .

. . . . . .

. . . . . .

. . . . . .
● ✎ ✎ ✎ ✎ ✎

✎ ..0..

.. 0...

. . . . . .

. ..*..

. . ...0

. . . . . .

. . . . . .

. ..00.

● ✎☛✎☛✎

.0 ...0

3.5ES-5700 3.5 DS-5700

H-9
100

2.89
6500
1000

20,000
30

2.426
6.188
0 ● 154

1.252
1914

7099

3.10

51

{~

6i24
1092

17,720
30

2.275
6.18?3
o.13~

1.255
1554

6636
3.20

61

% conditions of the jet at the nozzle exit were calculated by
the method of appendix 8 (ref. 7) and isentropic flow relations.



3P

.

.06 radius—, n

~ =tQl
Leading edge u

1

\

2
.— Hinge axis

1

I
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Figure 2.- Sketch of rocket motor showing direction of forces, moments,
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(a) Side view. L-69185.1
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(b) Thrust alin&ent and calibration apparatus. _

Fi@e 3.- Rocket thrust stand. L-6918&I
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(a) Vane support‘assemblyand pulsing mechanism in place v
on rocket thrust stand. L-69183 .1

(b) Jet-vane balance and support assembly showiqg
met-hodof vane deflection calibration. =&=

.
L-67694.1

Figure 4.- Jet-vane testing apparatus.
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coupling

.
(a) Nozzle end.

Head static- ~ Obturation gasket

pressure tap

NACA FM L~21?12

Igniter

‘L Head cap

y:sonance
I

rod

(b) Head end.

Figure ~.- Details of
taps and

rocket-motor assembly showing location of pressure
jet vanes. All dimensions in inches.
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(a) Test 1.
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(b) Test 2.
T

Figure 6.- Rocket nozzle and jet vanes after firing. L-69272.1
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(a) Test 1.

Figure 7.- Jet vanes after firing.
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(c) Test 3, all vanes steel.

Figure 7.- Concluded.
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Figure 9.- Time history of thrust-stand d@a obtained from test 3.
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Figure 14.- Time history of C% and Chb obtained from test 3.
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Figure 15.- Variation of cent& of pressure with vane deflection.
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