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I'he injector assembly, figures 5 and G, was composed of a stainle

oxidizer manifold and the Agena Model S/N 9 injector. Table IV is a
the characteristices of the injector ltaceplate orilice contiguration,
was cold-tflowed with water to visually

investivate the injection pattern and
determine the ditferential pressures nece
flowrates,  Photo

10

eraphs taken during the proce howed that there would be
direct spray on the liner surfaces (see figure 7). At design point [lowrate

ne 1njecte

L¢

umimanry

2
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’
lischarge coefficients were 0.57 on the fuel side and 0, 60 on the oxidizer side;
the corresponding differential pressures were 73 and 94 psi, respective V.
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Figure 5. Modified Agena S/N 9 Injector Assembly -

FE 83812A
Rear View
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Figure 6. Modified Agena SN 9 Injector Assembly - FE 83813A
Face View

Table IV. S/N 9 Injector Faceplate Orifice Configuration

Orifice Tvpe Number of Orifices Diameter, in.
Fuel Impingement 172 0. 0635
Fuel Barrier 32 0.099
Fuel Film Cooling 32 0.0235
Oxidizer Core 88 0.118
Oxidizer Barrier 32 0. 065
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water F'low Test of S/N 9 Injector Assembly
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Figure 12. Combustion Disturbance Devices FD 49822
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Figure 13. Injector Face Bomb FD 51849
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Figure 18. Uncooled Motor Mounted on B-5 Test FE 84001
Facility
he first series of eight firings was made with a solid liner to determine
he baseline stability characteristics of the motor., Data from the first five
ngs were not considered valid because of failure to 1 each the nominal operat
nditions of table I, and/or problems associated with sealing the Ki probes
) the uncooled adaptors. Several of the Kistler adaptors were dar )Y
) ng during the first five tests; therefore, the test duration was ent

§

ire
to fir

fired, causing an overpressure in excess of 500 psi, which did not damp. The

at

*

pressi

sec to 1.5 sec for test 6. Oscillograph traces from test 6 showed the

table for the entire test, i.e.,, peak-to-peak pressure amplitudes

Prior to the next firing, test 7, a 50-grain tangential pulse gun, timed to
0.7 sec, i.e., 0.7 sec after ignition, and a 50-grain radial gun, timed
at +1.2 sec, were installed., The motor was stable until the tangential gun

ire oscillations produced were primarily of the first tangential mode, i.e.,

2600 Hz, with peak-to-peak amplitudes of approximately 400 psi. The test was

aborted at +0,

2 sec by the rough combustion cutoff (RCC) device.

'he radial gun was fired during test 8; an overpressure in excess of

si resulted, and initiated high amplitude instability similar to that of the

vious test, I'he test was aborted at 1. 32 sec by the RCC device. Fr
results it was concluded that the motor with no liner is dvnamicall

with resulting pressure oscillations at frequencies near that of the theo-

1T mode and that no further baseline testing was required.
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Baseline Firing, Solid Liner Insert
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Flightweight Chamber Instrumentation Locations
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Figure 33.
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Figure 35. Flightweight Chamber with Acoustic Liner
pressure Shell Removed

Figure 36. Integral Acoustic Liner in Cooled Flight- FE 97366A
weight Chamber
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Figure 38. Damaged Area of Magnesium Zirconate FE 99038A

Coating After Test 3

Figures 39 through 41 describe the revisions to the injector-to-chamber
attachment and sealing scheme. The original configuration is shown in figure 39.

Figure 40 shows how the pressure shell-to-turnaround manifold seal was accom-

nlished by welding. It was necessary to seal at "C" to prevent the fuel from

leaking into the acoustic cavity from the pressure shell coolant passages. How-

ever, to gain access to (" it was necessary lo remove the turnaround manifold

bv cutting as shown. After the seal weld at "C"" was completed, the turnaround
manifold was replaced and welded at "A" and "B"

) .

'he complete repair scheme is shown in figure 41; the injector-to-pressure
11 bolts were replaced by studs that were threaded into the pressure shell and
sealed with selds at "D and "E". The oxidizer manifold was then welded to the
turnaround manifold at "F'. Prior to attachment of the oxidizer manifold the
inside chamber wall was recoated. The new coating was held to approximately
0.010 in. thick.
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Figure 43. Leak Areas on | lectrodeposited Chamber FE 107227A
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Figure 44. Flightweight Chamber After Test 13 FI
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Figure 47. Agena Model S/N 9 Injector After Test 13 FE 107228A
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Figure 55. Phase Calibration Apparatus FD 33724

Using the impedance relations of Appendix I the impedance and other
acoustic characteristics of each liner test section were computed from pressure-
phase data obtained during each unstable firing. The data, and the computed
results are listed in Appendix II,

B ANALYSIS OF ACOUSTIC DATA

To determine the absorption characteristics of the test samples for both
the cold flow and high velocity rocket experiments, the impedance relations
derived in Appendix I were used to determine the components of impedance, ori-
fice particle velocity, absorption coefficient, and incident sound levels for each
data point. The absorption characteristics were then correlated with the theory
for no flow to determine the effects of flow on the performance of the liners.

Results of attempts to correlate specific resistance data from cold flow
experiments with Mach number are shown in figure 56, the data are represented
as the ratio of acoustic resistance with flow past the apertures, 6,, to that with
no flow, #,, and correlated with the Mach number of the past flow. ITrom these
results it was noted that for a given Mach number increasing the sound level
caused the effect of flow on resistance to be less pronounced. Further analysis
revealed that below a certain critical Mach number, which appeared to be a
function of sound level, the effects of flow on resistance were negligible.

QE

UNCLASSIFIED









































































UNCLASSIFIED pran &Whitney Aircraft

«
wpacer

Flange

Aperture For
Low Freguency
Resonator

Hole for
3:00 ‘A’ Plane
Kistler
Transducer

— Pulse Gun
Port

High Freguency
Injeoror Resconator
End Cover
F Hole for
‘g,":em.on 12:00 “A” Plane
l l Aperture for Kistler Transducer
High Freguency

Resonator

Figure 75. Dual Array Liner After Testing FE 107343A
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AN |
PIRESHEUIRE - PIHAST DATA RITIDUNCTION EQUAT HIN

\ typreal Helmholtz resonator at the end of a-tube i hown in tigure »1.
Shnown also are two microphones, one mounted in the side wall to measure the
sound pressure in tront of the sample, PP 0 and one on the rear wall to measure
the sound pressure in the cavity, Po. he phase difference between the two

sound pressures is designated s

g .’1'(|<,,_

Resonator
Cavity

Microphones

Figure 81. Helmholtz Resonator in Impedance Tube FD 23050C

The total impedance of the resonator assembly is composed to two parts:

Zi to1 =2 Z. . - (20
total plate air cavity )
If u is the oscillatory gas velocity amplitude in the apertures and g and ¢ are
the density and sonic veloeity, respectively, of the test media, by definition

l) — 1)
9
R (21
plate upce
and also
. § ) 1)2 i \ 4.(0)
“air cavity upc KL =2
Solving (21) for u, substituting into (22) and solving for 7‘;)1:110 gives:
. P
. i
: 1 (23)

/'pl:llo ~ kL IT, N

where k, the wave number, is defined as k = w/c.

2]
(")In this appendix, the time dependent variables P, and u, are peak values.
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