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“applicationof classical laboratory methods'to obtain the natural acoustic resonances
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This 1s Volume 5 of the GEMSIP Final Report. Tt is devoted
of special tools and techniques for pulsing the combustion and hydraulic systems.

~

Although this work was carried out merely in support of the primary program, it

represented a substantial effort in the program and deserves full documentation.
These efforts have added to the understanding of combustion stabilit e aiding
in the development of a stable injector for GEMINI ,,Nm&eoVé?f”%Bese tools are now

g

IR

available for other development and”prodﬁctlon programs as well as for future applied
research which alone represents a worthwhile contribution.

Three significant developments pertain to the devices for perturbing the thrust
chamber, or engine system, to determine its level of stability. One of these is the
nondirected pulse charge which is mounted in the combustor and reacts directly on
the combustion process. The other two are the single and multiple pulse generators
that produce acoustic shocks in the propellant feed system. Their use permits the

observation of the possible interaction of feed system disturbances with the com-

The 2-dimensional. chamber,—éiscuﬁsea“Tn“Sectton—iﬂg is another of the devices

for observing combustion photographically;- to derive a feeling for the manner

in which the reaction occurs and to correlate visual dabs,. with the output of pressure

transducers. The technique has been widely applied to subscdYe work; its present

significance is that this is the first occasion where the full scale Titan IT profile

was represent

Sectipn V is of special interest to combustion theory. wT"ﬁ"d‘é‘sﬁr".tbes'the

of the chamber in several configurations, which were then correlated with the
resonances observed with these configurations when firing. -Neteworbhy.is the work
with the half-scale wooden model, which is a stup toward understanding the /effects

SR S g

of scaling on combustion. e
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FOREWORD (cont.)

i

engine transients, insofar as they are rzilected in the thrust chamber, with a .
simple, low cost, pneumatically pressurized system. Extreme conditions or those . Z] j
of rare occurrence, which cannot be readily produced during engine firing, can be
simulated realistically. In addition, multiple date points may be obtained from
a single firing, thereby reducing test costs by an order of magnitude.
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Space in this volume permits treating only the new tools developed for*,
studying instabilities. For this reason the heat transfer baffle experiment is

covered in Volume 4 in connection with the heat transfer analyses and the gener-
ation of cooled baffle design data.

' The application of new techniques to data gathering is treated in Volume 6,

Instrumentation. The extension of already developed techniques, such as the measure- t]

! ment of injector flow distribution are discussed in context in Volume 2 in the test
program. ]
-
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FOREWORD (cont.)

and Mr. R. A. Hewitt, all of the Combustion Dynamics Department. The servo control
system was developed by Test Division personnel under the guidance of
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I. NONDIRECTED PULSE CHARGE DEVELOPMENT ;

For many years the understanding of combustion stability was restricted by
the random incidence of instabilities which occurred unexpectedly without allowing

i R AR

preparation for gathering the necessary data. It was observed, however, that

nearly all instabilities were preceded by a disturbance of the combustion. This

led to the idea of a device to produce such a disturbance on signal during tests 1

L=x3

specifically arranged to evaluate instability. The sensitivity of the system
could be rated by the energy required to render it unstable, the test conditions
could be controlled, and for the limited number of tests required, it would be

economically feasible to provide extensive instrumentation.

[ SR Wy 2

The first such device used to any extent was the tangential pulse gun

developed at Aerojet-General in 1958. Some question of this technique was raised,
however, that it might preferentially excite bnly certain modes of instability.
Theoretically, the naturally occurring disturbances were nondirectionally oriented
and therefore the induced pulse should be also. This was reflected in Paragraph B.5
Exhibit "A," Statement of Work for the GEMSIP contract states:

—
rmi
LS .

]
- "Pulsing tests of the YLR 91-AJ-7 combustion chamber with a nondirected
i | high explosive pulse during both component and engine testing shall be
sl conducted to demonstrate achieved improvements iﬁ stability. Based on
i [ a consideration of comparable rocket engine pglsing, the charge size
{ - is specified as 220 grains for the uncooled (boiler plate) testing.

For tubular chamber testing, a mutually acceptable charge which will
be below the threshold of tubular chamber damage shall be used to
| . verify dynamic stability. These charges are to be located approxi-

i | mately one inch downstream of the baffle tips and midway between the %
' axis of the chamber and the inner wall of the chamber. It is intended
that the charge sizes specified herein be smaller than those which

v W

would cause chamber damage, and that the size will be verified experi-

- A

mentally."
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I, Nondirected Pulse Charge Development (cont.)

Paragraph 6 states:

"Conduct a program of pulse charge technique development to include

installation and charge location verification, installation and

checkout of the test equipment, and instrumentation system validaticn."

To fulfill these contractual requirements, the GEMSIP nondirected pulse charge

was developed and verification tests were conducted with cooled and uncooled hardware.

A.  BACKGROUND

Prior to the inception of the GEMINI Stability Improvement Program, the
most common stability rating tool employed was the tangential pulse generator, which
has been used extensively at Aerojet-General in research and development programs.
The generator consists of a powder charge behind a precision burst diaphragm at the
end of a short barrel, as shown in Figure 1. Following ignition of the powder
charge, pressure builds up rapidly behind the diaphragm causing it to burst, sending
a shock wave down the barrel, and introducing a tangentially directed pulse into the

combustion chamber.

A rating, termed the "stability index," is awarded based on the chamber
pressure and the maximum magnitude pressure perturbation that the system can with-

stand before combustion becomes unstable. (Larger stability indices indicate

systems which were more stable.) The tangential pulse generator has the inherent
disadvantage of producing a wave pattern which simulates that of a spinning
tangential mode, and, hence, has a higher probability of triggering transverse

modes in the combustor.

¥

The basis for the nondirected bomb is the simulation of naturally

occurring perturbations, which may be caused; for example, by delayed combustion

of pockets of mixed propellants. In practice, the bomb consists of a charge of
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N DETAIL A

Apollo Iron Horse Chamber
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Figure 2 ~- Installation of Apollo Nondirected Pulse Charge
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. § E.[ I, A, Background (cont.)

high explosive surrounded by a thermal shield and mounted within the combustion

)
[ANORSRY |

chamber cavity. The main charge is detonated by a squib which is initiated either

1 electrically or thermally. The initial shock wave propagating from the bomb is

= spherical; the nature of the perturbation finally produced depends upon the loca=
s tion of the pulse charge as well as on the combustion chamber geometry. in general,
L) a bomb placed near the axis of the chamber will produce a radial mode; whereas, one
located near the wall will tend to favor the tangential modes.

A literature search showed that Rocketdyne had had experience with non-
directed pulse charges during the development phases of the Atlas, H-1 and F-1 pro=-
grams. Their nondirected pulse charge was a high explosive (Composition C-3) con~
tained in a Teflon casing and supported in the combustion chamber with a copper

= holding fixture. The lead wires from the initiator (or squib) are brought out

through the combustion chamber wall for the charges used on "iron horse" hardware
and through the injector face for the tubular chamber version. Three different

case materials were tested--Teflon, Nylon, and micarta. Teflon proved to be the
most satisfactory.

—s

Prior to the GEMINI Stability Improvement Program, some experience
with nondirected pulse charges had been gained from the Apollo Program. The
Apollo bomb (throughout this report the terms "bomb" and "nondirected pulse charge"
will be used interchangeably) consisted of a Teflon outer casing which contained
[, a high explosive (Composition C-4) and an electrically iniﬁiated squib. The

pulse charge was hung from the injector face as shown in Figure 2.

L Two types of nondirected pulse charges were developed for the Gemini
Stability Improvement Program: one charge for use in ﬁifon horse"” combustion

1J chambers, and another for tubular chamber testing. The development of these
two types of pulse charges will be discussed separately.

|
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I, Nondirected Pulse Charge Development (cont.)

B. UNCOOLED COMBUSTION CHAMBER PULSE CHARGE

1. Design

The design of the GEMSIP pulse charge was a modification of the
Rocketdyne bomb. The charge itself remained basically the same (a Teflon case con-
taining high explosive and an injiiaiing squib), but the support arm was redesigned
to simplify sealing problems.

Figure 3 shows the GEMSIP nondirected pulse charge assembly with a
220-grain Teflon casing installed. The E-83 blasting cap is imbedded 0.050 in. to
0.100 in. into the Composition C-l, which ensures detonation of the maximum amount
of the main charge. Composition C-l was used because of its ready availability at
Aerojet-General. Appendix A lists the specifications of Compositions C-3 and C-k.

The charge holder (Figure 3) is composed of an AN union, an
AN elbow, tubing, a positicning nut, an adapter and a holding nut. A butyl rubber
O-ring is used as a hot gas seal between the charge and the holding fixture, while
a commercial Conax MH-L-4-2 seal is used to seal the squib lead wires as they pass
through the combustion chamber wall. The squib is sequenced to detonate when the
TCA has achieved 90% of steady state chamber (approximately 1.6 sec after FS-1).

) 2. Chino Hills Tests

A series of tests was conducted at the Aerojet-General Chino Hills

facilities to determine whether the shock wave generated by the GEMSIT bomb is

truely spherical. The pulse charge was secured in 2 5-gallon fish tank and enough '

water was added to cover the charge adequately. The fish tank was placed against
and in front of a Fresnel lens with a 19-in. focal length. Optical alignment of

the lens and the camera optics was accomplished by moving a simulated point light
source about a point at the focal length of the Fresnel lens until the collimated

Page 7
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I, B, Uncooled Combustion Chamber Pulse Charge (cont.)

light appeared through the optical center of the camera lens system. When this
alignment was reached, an exploding bridge wire, which is an effective point light

source, was secured to the holders at this position and the explosive device was
primed.

we gmn Wi g% BREEE NS
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Figure 4 shows the results of one of these tests. The framing
rate was 980,000 frames/sec. It is apparent that the shock wave produced by the
nondirected pulse charge is indeed spherical. "
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3. Demonstration Pulse Tests

x5

4

a. 25IX-22 Test Series

2

Beginning in December 1963, a series of three tests
(1.1-01-TLT-001, -002, and -003) was conducted on Test Stand C-1 to evaluate the
GEMSIP nondirected pulse charge in hot firing conditions. Injector S/N 1377,
i which has a 25IN-22 pattern and eight radiél baffles with & hub, was used for this
test series because, although 1t had a history of 30% instabilities in what is
thought to be the first longitudinel mode, pulsing with tengential pulse guns had
failed to excite this mode. Therefore, if the CEMSIP nondirected pulse charge
proved capable of exciting en instability with an injector vsing the 25IN-22
pattern, it would increase confidence that pulsc tesiing with this device could
locate inciplent instabilities.

- .
[5:.- ] [ [ [esvs———

- om

The first test was not a pulse test; its purpose was to
balance the propellant injection pressures and to test the durability of the bomb
support arm. In an attempt to determine the ablation rate of the Teflon bomb
casing, a special charge was installed in tlke chamber without the squib or the
C-4 explosive. Two chromel-alumel thermocouples were attached to the. inside of
a Teflon casing with a 1/4-in. wall.
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Figure 5 -- Erosion of Nondirected Pulse Charge Support Arm
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I, B, Uncooled Combustion Chamber Pulse Charge (cont.)

During the test, both thermocouples failed at FS5-1 -+ 1.46 sec,
recording a temperature cf approximately TOO°F at the time of failure. Figure 5
shows what remained of the pulse charge assembly after a 3.l-sec test. Note the
erosion of the chamber wall downstream of the pulse charge holder--the result of an
interruption of the fuel film cooling and an increase in turbulence downstream of

the support arm.

Because the thermocouples burned out at FS-1 + 1.46 sec, the
wall thickness of the Teflon casing was increased to 1/2 in. for Test No. -002 and
the squib wes sequenced to fire at FS-1 + 1.3 sec. A 220-grain charge was mounted
midway between the combustion chamber axis and the wall, and one in. below the baffle
tips. The pulse charge support was coated with NRL 1795, an ablative material, to
increase the "life" of the arm in the highly erosive atmosphere of the combustion
chamber.

The test was satisfactory: a pulse of 250 psi was recorded
by all high frequency transducers and daﬁped in 15 ﬁsec. The test duration was
3.1 sec and was classified as stable. Flve Dynisco high frequency chamber pressure
transducers were damaged by Teflon shrapnel from the exploding bomb.

For the third test, the pulse charge mounting was turned
180 deg. This positioned the 220-grain charge 1n the convergent section of the
throat which is & pressure antinode for the longitudinal acoustic modes and,
therefore, & location sensitive to perturbations. The bomb detonated wt FS-1 + 1.825
sec, triggering a 4300-cps oscillation on all chember parameters. Thin 4300-cps
oscillation was quite complex and could not be positively ldentified by phase and
smplitude.

Severe erosion occurred again below the pulse chsarge mounting
boss, as shown in Flgure 6. The injector suffered damage to the baffle tip strips,
cracking those on the radial baffles, completely removing the hub tip strip, and
eroding the injector face plate inside the hub, as shown in Figure T.
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Test No. 1.1-01-TLJ-003
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I, B, Uncooled Combustion Chamber Pulse Charge (cont.)

Al.hough these tests were unsuccessful in demonstrating the
ability of the bomb to produce the predicted mode of instability, they did show
that the bomb could excite instability with a marginally stable injector. Moreover,

they showed the need to test in various locations to obtain a true measure of total
stabllity.

b. Sensitive Location Test Series--25XVIIM-2A Injector

The purpose of this test series was (1) to determine the
position in the combustor most sensitive to a perturbation, and (2) to establish
the threshold pulse charge size for the 25XVIIM-2A injector. The most sensitive
location was necessary for future GEMSIP pulse tests to make meaningful comparison
between injector configurations. The establishment of a threshold pulse charge size
for the 25XVIIM-2A injector was used as & base point to demonstrate the degree of
improvement of the GEMSIP candidate injector.

Discussions with Rocketdyne personnel indicated, in their
experience, that a position close to the chamber wall, near the injector face was
the most sensitive to perturbation. Accordingly, the plan for the initial test
was to fire 10, 20, 40, 80, 100, and 220-grain charges in ascending order at
Position "B" (1 in. from the wall and 1 in. below the baffle tip, Figure 8) until
an instability was induced.

For the next tost a charge one level less than that which
produced the instability would then .e fired at Position "D." If no instability
was encountered, the charge would be runised one level. If still no instability
occurred, it would be essumed that the system was more sensltive to being perturbed
from Position "B" in the chamber than from Position "D." If an instability were
encountered, further exploration would be conducted. Finally, & 220-grain charge
was to be fired at Position "I" in the convergent section of the throat to check
the sensitivity of the system to perturbations from this location.
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I, B, Uncooled Combustion Chamber Pulse Charge (cont.)

The design of the nondirected pulse charge was modified, as
shown in Figure 9, to facilitate easier fabrication, assembly, and installation.
The support elbow was fabricated from two pieces of 1-1/8-in. tubing with 3/8-in.
wall, cut at L5-degree angles and welded together. Three lengths were designed so
that the charge could be positioned (1) at the chamber centerline, (2) midway
between the chamber center line and wall, and (3) at the chamber wall. A positioning
pin provided the capability of rotating the support arm 360 deg in 45-deg increments.
The combustion chamber bomb boss is shown in Figure 10. The spacers, shown in
Figures 9 and 11, were fabricated in varying lengths, permitting further positioning
capabilities. Figures 12a and 12b show all the possible mounting positions in an
iron horse combustion chamber. A Teflon casing modification was necessary (see
Figure 13) to contain explosive in 10-grain increments up to 100 grains; a different
case was used for 200 grains. As before, the case thickness was maintained at
0.500 in.

A Titan II second-stage "iron horse'" chamter was reworked to
include provision for extensive high frequency instrumentation. Bosses for six
Photocon transducers, one Kistler transducer, one Electro Optical Systems' (E0S)
water dump transducer, and one Phototransducer were welded on the combustion chamber
at the locations shown in Figures 1lka and lhb., An EOS transducer and a Microsystems
high frequency transducer were inserted through the. flange to monitor chamber
pressure and the pressure of the fuel in Channel 17 of the injector, respectively.
Numerous other close-coupled and flush-mounted high frequency transducers were
installed at the locations shown in Figures 1lhka and 1lhb.

This GEMSIP uncooled chamber also contained horizontal and
vertical strip film windows as well as a general observation winlow located near
the throat (Figure 15). Fastex streak film cameras were used at the horizontal and
vertical windows and a 1000-freme/sec Fastex camera was uged at the observation

window.
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? I, B, Uncooled Combustion Chamber Pulse Charge (cont.) /1

? ! As a result of a meeting with the customer, the test objectives €

i g

‘g! and number of tests to be conducted during this series were changed. It was decided %
% ! thas, when the threshold pulse charge size was determined at Position "B," a change, %

%» one size less than the "threshold bomb," would be fired at Positions "D" and "I." .

3

A standard 2SXVIIM-2A quadlet Gemini prototype injector (S/N 035)
was used in conjunction with GEMSIP uncooled combustion chamber S/N 1065 in Test No.
1,1-02-TLJ-001. The total instrumentation is listed in Table 1. The combustion
stability monitor (CSM) monitored Pfj-1B, & close-coupled Microsystems high frequency

. g If no instability resulted,then it could be concluded that these positions were.not
_}gy grossly more sensitive than Position "B" at least within the gradations of bomb size.
f':? i From the standpoint of economy as well as because the intended goal was a marked
. L improvement over Titan, extensive mapping of the threshold sensitlvity seemed

*ﬁ' unwerranted.

= §

g

transducer, and was set to trip at a fregquency equal or greater than 1000 cps with

a minimum amplitude of 100 psi peak-to-peak for a duration of 30 msec. An unloaded
bomb case, shown in Figure 13, was installed 1.0 in. below the baffle tip and

1.0 in. from the chamber wall. The test objectives were to balance the system to

3

check the procedures and instrumentation, and to observe the rate of ablation of

the bomb case. Figure 16 shows the bomb installed in the chamber. £

The test was shut down after 0.8 sec by the CSM. Postfire
examination of the high frequency records showed that the CSM shutdown was invalid
and was csused by a high amplitude oscillation of Pfj-1B only. During the test,

~

the pulse charge positioning pin had sheared and the bomb arm rotated. The thermo-

k]

TR RO

couple located in the Teflon case recorded a meximum tempersture of 1200°F.

Test No. 1.1-02-TLJ-002 was conducted to attain.the objectives

that were missed by the previous test using the same hardware and test setup. The

rgqu;‘ v

fodd  frmd Bk feeed i Beied Bl BWNt BRI 0N Em

L

instrumentation was the same except for the addition of a helium-coocled Kistler % '

transducer at PclE. Because a Microsystems trancducer had caused an invalid shut-

2ECOREN

down during the previous test, & Taber transducer was used for the combustion
stability monitor for Test No. -002.
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TABLE 1

INJECTOR EVALUATION INSTRUMENTATION

On Line
Range R-1 R-2 Brown M1li Ampex Miller
Switch Trace X X X
0-500 Taber X X X
0-1500 Taber X X X
0-1500 Teber X X X
0-1500 Photocon, X
0-1500 Fhotocon X
0-1500 Photocon X
0-1500 Fhotocon. RS X X
Kistler 500 pk to pk X
0-1500 Photocon X RS X X
0-1500 Photocon R8 X X
0-1500 P(EO0S) X
Fiber Optics Per 8pecial Instructions
0-1500 (E08) X X
0-1500 Taber X RS
0-1500 #icro X
0-1500 Taber X X X
0-1500 Micro RS X X
X
0-1500 Micro X
0-1500 Micro X
X
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i
TABLE 1 (cont.)
l On Line
Function Range R-1 R-2 Brown Milli Ampex Miller
i POJ2-F(M) 0-1500 Micro RS X
a PoJl-F(M) 0-1500 Micro X
PQJlB 0-1500 Taber X X X :
] Pop 0-1500 Taber X X X
Prn 0-1500 Taber X X X
l PoTCV 0-1500 Taber X |
PcTCV 0-1500 Taber X
l Pei 0~-1500 Taber X
l Locry Potentiometer X X
LTCOV Potentiometer X X
l FMo 0-300 lbs/sec X X X RS
FM, 0-175 1bs/sec X X X RS
l osuY) Switch Trace X X X X
! 1 KC Time  Trace X X X X
Squibs Switch Traces X X X

Special Note - The following functions should have a common coded, 1 KC
time correlation signal:

Strip film cameras
Fastax camera for combustion photographs
‘Miller

l Ampex
R-1
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I, B, Uncooled Combustion Chamber Pulse Charge (cont.)

T S P

The thrust chamber assembly operated 4.189 sec at nominal
chamber pressure and mixture ratio. DPostfire examination of the hardware revealed

that the injector sustained severe, unexplainable erosion on the hub as shown in

Vi T T

Figure 17. Again, the thermocouple located in the dummy Teflon case recorded &
maximum temperature of 1200°F. The hydraulic balance was obtained for the system

and the instrumentation verified.

Test No. 1.1-02-TLJ-003 was the first test scheduled for
threshold sensitivity rating. Because of the severe baffle damage incwired on
the previous test, injector S/N 1085 (another 28XVIIM-2A) was used for Test No. .-003.
A 13.5-grain (blasting cap only) pulse charge was installed in the chamber at
Position "B." For this test, the CSM uuit was monitored from Poj-1F(M) using a

flush-mounted Microsystems transducer. It was throught that Pnj would be less

O TP A I T T MR R 3T

likely to cause shutdown from a spurious signal than Pfj.

The combustion stability monitor terminated the test after
0.919 sec because the transducer at Poj-1F was defective and produced a noisy high
amplitude signal which triggered the CSM unit. No hardware damage occurred during
this test.

Because the previous test terminated before detonation of
pulse charge, the next tests had the same objectives as Test No. -003. On Test
No. -O04, a 13.5-grain charge was located in Position "B" and sequenced to fire
at PS-1 + 1.300 sec. The test was satisfactory: a 252-psi peak-to-peak pulse
was recorded at a Pcl plane transducer which damped in 12 msec. The test was

classified as stable and there was no hardware damage.

For Test No. 1.1-02-TLJ-005, the pulse charge was still
located at Position "B" but was increased to 20 grains. The test had a duration
of 3.476 sec. A 268-psi peak-to-peak pulse occurred at FS-1 + 1.312 sec, damping

in 10 msec. The test was therefore stable and the hardware remained undamaged.
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I, B, Uncooled Combustion Chamber Pulse Charge (cont.)

a2
33
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.i A LO-grain nondirected pulse charge was located in Position "B"
for Test No. 1.1-02-TLJ-006. For this test, a dual CSM unit was utilized to provide

against premature shutdown from a single invalid signal. The dual CSM requires that

oY)

two transducers concurrently monitor oscillations, which meet the CSM "trip"

criteria, for a duration of 30 msec.

The test was conducted on 7 May 1964 and was terminated at

FS-1 + 1.354 sec by the combustion stability monitor. Figure 18 shows the damage ,
to injector S/N 0035, An analysis of the high frequency playback led to the con- Eﬁ;
clusion that the instability was initially a standing fourth tangential mode %
(5400 cps) which later shifted to a standing third tangential mode (4200 cps). This ? '

fixed the threshold at Position "B" between 20 grains and 4C grains for the Titan/

Gemini injector.

On Test No. 1.1-02-TLJ-007, the nondirected pulse charge was
moved to Position "D" (Figure 8) ard the size was decreased to 20 grains. Injector
S/N 0035, vhich had been demaged on Test No. -002 and was subsequently weld repaired,
was installed on the thrust chamber assembly for Test No. ~007. The test was con-
ducted for a total duration of 2.420 sec with the pulse charge exploding at
FS-1 + 1,307 sec. A 156-psi pulse resulted and was damped in &4 msec. The test
was classified as stable and no hardware was damaged. It was concluded that

Position "D" was not more sensitive than Position "B."

On Test No. 1.1-02-TLJ-008, a 20-grain bomb was located at
Position "I," near the throat on the chamber centerline. The test duration was

2.209 sec and the charge detonated at FS-1 + 1.307 sec.

The smplitude of the pulse was 136-psi peak-to-pesk and

demped in 4 msec, marking a stable test. No hardware damage resulted.

CCENGET T

Page 31

p—




Traiy “For

AR

|
1

iy
Lty
7

A P TR KTt sty

B e o

e e
By

GEMSIP FR-1, Volume 5

2.
) 8
B
5 3
8 A
— m
td

Taflon Tape
Teflon Washcr

Spac
O-Ring

Aluminum Cruch Washer

Page 32

QR e R Rt B R I ViV U ST HT Ay Vi L3 aT T T U5V vt ey o DAY Srbrossi 8 W K2 WARTY o bt i 400 40Ny e
g g
|

.

2
kST Lk e bt e )
o K i)
s en - LR

Figure 19 -- Final Design of GEMSIP NDFC Used for Uncooled Combustion Chambers

R A R RS R TR R R B Py

=]

- o Ty
——tt ~———

5

25 =38 &

L0

e 3

[N

ry

RIS
l1




w98 B

IR

TR

pEme pemies

s 3

-3,

— . WPOR A . . S —

GEMSIF FR-1, Volume 5

I, B, Uncooled Combustion Chamber Pulse Charge (cont.)

Test No. 1.1-02-TLJj-008 concluded this series; it had been

demonstrated that none of the other positions were grossly more sensitive to pulsing
then Position "B."

Because the pulse charge positioning pin sheared during two
of the tests, the design of the support erm was modified to incorporate & hexagonal
shank as shown in Figure 19. The assembly procedure was changed also to include
the placement of a Teflon spacer around the blasting cap to ensure axisl alignment
of the squib 1n the Teflon case. Experience indicated that the nonreproducibility
of the magnitude of the perturbation may have been caused by a misalignment of the
squib, which resulted in a primary detonation of only & portion of the main charge
of C-4 explosive.

With these final modifications, the GEMSIP nondirected pulse
charge was considered to be fully operable, During the baffle and injector pattern
evaluation phases of the Gemini Stability Improvement Program, approximastely sixty
100-grain and 220-grain nondirected pulse charges were used successfully. Figure 16
shows a 220-grain bomb installed in an uncooled chamber. It was noted that when
220-grain charges were used with the candidate injector with seven regeneratively
cooled baffles, the detonation shock wave caused bending of the baffle nearest the
charge. Figure 20 shows the postfire condition of such an injector. For this

reason, only 100-grain charges were subsequently used to demonstrate the dynamic
stability of the candidate injector.

C. TUBULAR COMBUSTION CHAMBER PULSE CHARGE

1. Design

The design of the nondirected pulse charge to be used fcr the
tubular chamber tests differed from the uncooled version only in the method of

mounting. Because there is no way to attach the pulse mounting assembly to the
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I, C, Tubular Combustion Chamber Pulse Charge (cont.)

chamber wall, three alternative methods of mounting the charge were considered:
(l) use of a long wand, inserted through the throat to position the pulse charge;
(2) attachment of the pulse charge holder to & baffle; and (3) suspension of the
charge holder from the injector face.

Method (1) was not feasible because a long unsupported wand would
vibrate severely, causing possible tube denting in the chamber throat. Also, the
wand might fall before the charge was fired and certainly would require replace-
ment after each test. Methods (2) and (3) had approximately the same advanteges
and disadvantages, except that Method (2) required the welding of a new holding
fixture to the baffle each time the configuration was changed, Therefore, suspen-
sion from the injector face was chosen as the best method for supporting the
nondirected pulse charge 1ln a tubular chamber.

2. Damage Threshold Testing

Before hot firings in tubular chambers, & series of pulse tests
at ambient nonfiring conditions was conducted to determine the pulse charge size
that would be Just below the threshold of tubulsr chamber damage. These tests
were conducted using combustion chamber SN 1491 (which was no longer suitable for
hot firing) and injector SN 1377. For all these tests, the.Teflon case thickness
was reduced to l/h in. to allow for the ablation of the Teflon prior to detonation
of the charge in the combustor.

For the first test (1.1-01 TIC-001) & 13.5-grain bomb (actually
only the blasting cap detonator)was mounted on the chamber centerline immediately
downstream of the tip of the hub. The charge fragmented into rather large pleces
and the fragmentation seemed to be distributed equally around the chamber. The

dents were small and were limited to & 2 in. circumferential band.

For Test No. -002, & 20-grain chrge was positioned as in the
previous test and the damage was similaer, but the dents were smaller and more
mnumerous. This indicated that the larger grain size caused more extensive frag-

mentation of the case and that the smaller pieces had less momentum.
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I, C, Tubular Combustion Chamber Pulse Charge (cont.)

For Test No. -003, a LO-grain charge was located as in the previous
tests and the damage was again limited to a 2-in. band. On this test, 1t was noted
that Teflon fragmcuts striking between two tubes caused deeper dents than a fragment
hitting directly in the center of a %tube, as shown in Figure 21. No tube fractures

were observed after this test.

For the next test (1.1-01-TILC-004) and 80-grain charge was located
approximately S in. closer to the throet than in the previous tests so that the
Teflon fragments would strike "virgin territory" ard the tube dents would be
identified separately from those previously ircurred. Postfire examination showed
the field of damege to be limited to & heavily dented 1l-in. band of 360 degrees.

Again, no tube ruptures were observed.

The bomb size was reduced to 4C-grains for Test No. -005 and was
locsated near the kalffls tip midwey between the chamber centerline and wall. The
damage was similar %o that encountered in Test No. -003, but was localized to an

80-degree arc immediately adjacent to the charge. No tube ruptures were detected.

Tre last test of the serles (-006) utilized & 220-grain bomb
located at the geomatric center of the plenmum and the extent of damage was not
measurabls. Numerous tubtes were spili wide open and Tefion fragments of all

sizes and descriphion were found imbedded in the wall of the combustion chamber.

Based on the results of these tests, it was concluded that an
80-grain nondirscted pulse cherge is the largest +that can be exploded in &
YLRO1-AT-5 tubular chamoer without probability of tube fractures. Although an
80-grain charge caused heavy denting during these cold tests, it was thought
that a hot firing would produce less iube damsge because the tubes would be pres-
surlzed with propellant and the Teflor. fragments would be subjected to ablation
while directed at an angle to this wall by the momentum of the chamber gases.

To confirm this reasoning, a thrust chamber asserbly pulse test

was conducted during August 1964, with an 80-grain nondirscted pulse charge in a
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I, C, Tubular Combustion Chamber Pulse Charge (cont.)

tubular chamber. The pulse mount was welded to the baffle, halfway between the
chamber centerline and wall. A time delay blasting cap (Figure 22), actuated at
FS-1, with a 1.600-sec delay was used to detonate the main charge of C-lL.
(Appendix B describes the circuitry used to initiate the squib.) The insulated
detonator lead wires were brought out through the throat and burned off at. thrust

chamber ignition.

The damage caused by this 80-grain charge, shown in Figure 23,
was heavier than enticipated, possibly because the strength of the stainless steel
coolant tubes was decreased at the high combustion temperature and, therefore, the
tubes were more susceptible to damage. Based on these test results, 4O grains was

established as the maximum pulse to be detonated in a tubular chamber,

3. Early Engine Test Series

During the months of August through November 1964, a series of
91-5 engine pulse tests was conducted in conjunction with the Feed System Improvement
Phase of the GEMSIP. One of the purposes of these tests was to further devclop
techniques of mounting nondirected pulse charges in tubular combustion chambers for
later application during engine demonstration. One balance test and six pulse
tests were conducted during this test series. These tests are described in detuil
in Volume 2, Section III,A.

For the first pulse test, .he nondirected charge support arm was
attached to the injector face as shown in Figure 24, The support arm is coated
with NRL 1795, an ablative material, to shield the steel support from the severe
thermal environmment. A time delay blasting cap with a 1.600-sec delay time was
used to detonate the charge.

Post fire exami. 2tion after Test No. 1.1-01-TLA-002 revealed a
heavy concentration of dents opposite the end of the bomb (Figure 25). The same
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I, C, Tubular Combustion Chamber Pulse Charge (cont.)

ey

damage occurred during Test No. -003. For the remaining four tests, therefore, the

2%

charge was positioned on the chamber centerline, pointed straight down toward the

fur

SR A e ST S

throat. Tests No. -OO4 and ~005 were satisfactory bomb tests; but during Tests No.

T

-006 and -007, the Teflon containing the main charge of C-4 ejected from the chamber

&7

R

prior to detonation of the squib. When the unprotected hrass squib detonated, the

chamber tubes were punctured as shown in Figure 26.

Because of the heavy concentration of dents opposite the end of

the bomb observed on Tests No. -002 and -003, an attempt was made to minimize the

momentum of the fragments traveling toward the wall. This could be done by
decreasing the size of the fragments or their velocity. Decreasing the size was

chosen because it could be done easil’: by shaping the C-4 explosive slightly at the

B O (B e @ oow e
ST

i
1 end (Figure 27) to cause greater fragmentation of the end of the Teflon case, and
3

hence, less damage to the chamber coolant tubes.

A series of tests conducted in the Solid Rocket Operations high

7 5 s R Ty Cove o T
D R S

explosives test area verified the adventages of this proposed modification.

GEEICTI

-Pigure 28 shows the damage done by an unchaped charge, and Figure 29 illustrates

the lesser destruction resulting from the shaped charge.

T R R T

Shaping of the end of the charge causes a slight distortion of the

L S e

spherical shock wave, which somewhat alters the “nondirectional"” effect of the bomb,

but this distortion was not considered to be critical because the dynamic scability

of the GEMSIP candidate injector had previnusly been demonstrated with an uncooled

§
|

thrust chamber assembly using a truly nondirectional bomb.

4, Engine Demonstration Pulse Tests

The Engine Demonstration Phase of the Gemini Stubility Improvement
Program was conducted during the months of March, April, and Mey 1965. A part of
this phase of the program was a series of pulse tests conducted on Engines GR1-9Ol1
and GR3-9l.
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Figure 27 -~ WShaping" of the GEMSIF Nondirected Pulse Charge

Page 45

A PP X e e . 2 i SV AT AC e I S DAY s ot i b 3L W




GEMSIP FR-1, Volume 5

o T = %
RIS o et Rl Rt

S Aar

¥
i
.t
§
i
.“
t
1
{
!
a
i
A
!
:
!
i
&
f
4
; Page 46
i
3 5 oo e 1

& s 7 I T T (L v L S O TS SR Y

ey

Figure 28 -~ Damage Caused by Unshaped Charge




— e R T .a.._r
e e —cr———— T - =
T g .
2 T T L - N — - AT TRy ety =BT, o572 . ooy T BT

S T T T e [ ey r 7

fr.h!.&w.rr’ e g — i e o i i o oo

aldary)

aya Jjo Suideyg woxj Suranssy o%eweq JO uOIONPsY -- 62 SIMIBTI

GEMSIP FR-1, Volume 5

wik

asen

~ = emn oom Gl GNB OGN CED ER Om0 Ome =4 3 —4 4 b3 bod b

»

S
S s




ol NG -

| 3 .
§
1
S81aag 4S9 ”n
] i
T6-TuD %03 99Ieyp SSTNJ PSJOSITPUCN JO UOTIBTTEISUI -- OF MITL W
B
| H
w
|
:
3 B
3 unm
Q
: 5
—~ fee) &
= 2
- o &
1 — &
& g
ﬁ ,. a8}
W : k4
2
3]
| 8 |
w o
: r
;
"
_
“
1 ;
w “w.a
|
B
3
: T - e A T Vit W S Sl N AR S B S b L R
: e B = !
et i i T




TEATITY

T

8 mtma ety
.- .

=y

GER Gwd &3

GEMSIP FR-1, Volume 5
I, C, Tubular Combustion Chamber Pulse Charge (cont.)

The GR1-91 tests uced nondirected pulse charges, which wer= mounted
as showr in Figure 30. Five tests were conducted, three successfully. During Tests
No. -002 and -004, the Teflon case of the bomb broke loose from the charge holder and
ejected from the chamber prior to detonation of the squib. As happened during the
Early Engine Test Series, the chamber tubes were punctured at numerous locations when

the unshielded squib detonated.

To reduce the possibility of further failures of this type, the
design of the Teflon case was modified slightly to incorporate a larger radius on
an internal corner (shown in Figure 31), thereby'reducing a high local stress con-
centration factor. Also, the test procedure was changed so that the time delay
squib would be initiated 0.250 sec prior to FS-1 (instead of at FS-1) and detonate
at FS-1 + 1.35 sec. This was done because experience had shown that the reliability
of the nondirected pulse charge is marginal after 0.80 sec of exposure to combustion

in the chamber, which begins at approximately FS-1 + 0.55 sec.

During the Engine GR3-91 test series, five successful pulse tests
were conducted. There was a sixth test in which the Teflon case failed in the

manner described previously, but this test took place prior to this latest charge.

Based on the experience of all the GEMSIP testing, the tubular
chamber nondirected pulse charge was considered a useful and reliable stability
rating tool. The only problem area remaining.is the tolerance of the time delay
blasting cap. Figure 32 presents a sumary of the firing times of all the delay
caps used during the Gemini Stability Improvement Program. Although the caps were
manufactured by Hercules Powder Company with a 1.600-sec i 10% delay, the firing
times ranged from 1.35 to 2.00 sec. This variance may be attributed to a distortion
of the initial fabrication tolerances caused by the elevated temperatures in the

combustion chamber.
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