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1.0 INTRODUCTION AND SUMMARY

The i ntense noise peak generated during launc h of a shoulder-fired rocket
can be reduced significantly by baffled sound suppressors. Suppressor
hardware were devel oped and hot-fired behind the M-72 rocket motor. Noise
reductions up to 10 db were achjeved in a series of 45 hot—firi ngs conducted
by MIRADCOM .

T heoretical predicti on models were developed and improved via correlation
wi th test results. These model s corre late well wi th the test data and
provide a basis for improving the sqund suppressor design .

This document presents the results of both the experimental and theoretical
development, It is concluded that the program has:

1. Demonstrated the effectiveness of the baffled sound suppressor
design.

2. IdentifIed promising advanced concepts for future test and
evaluation.

3. Provided an ex perin~ental data base and theoretical tool s to
support development of a field-weight prototype sys tem.

The remainder 0f the Introduction and Sumary describes the mec hanisms
producing the peak noise , and suimiarizes test and analytica l results.

Desig n goals for m~n-portab1e and shoul der-fired rocket systems have been
direc ted towards achieving maximum range, accu racy and lethality while
minimizing cost and weight. The local noise l evel generated by firing

high performance rocket systems is close to the maximum noise level that
the crew can withstand even with ear protection. The high noise l evel
produced by these wea pon systems not only presents a potential physical
hazard to the user but also acts as a technologica l barri er to development
of future high performance rocket systems. The schematic of a typical
shoulder fired roc ket launc h, shown in Figure 1-1 , illustrates the 1o~;a1

1
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1.0 (Continued)

LAUNCH RELATED MISS ILE FLIGHT RELATED

NOZZLE CLUSURE SHOC K (SUPERSO NIC)

PRESSURE WAVE

11~: ~ ~ir
— NOZZLE CLOSURE I

NOZZLE CLOSURE SHOCK (SUBSONIC ) I
TRANSONIC TURBUL ENT I
MIXING REGION I

• SHOC K WAVE INTERACTION S • MOTOR FIRING

• TURBULENT MIXiNG I • AER ODYNAM IC S

• NOZZLE CLOSURE

• UNOEREXPAMOEO EXHAUST

FIGURE 1-1. PRIMARY LAUNCH AND MISSILE FLIGHT RELATED NOISE SOURCES

noise sources generated by the weapon. After motor ignition , the motor
cham ber pressure expells the nozzle closu re at a high speed. A shock wave
is generated for a short dista nce as the closure moves away from the motor
nozzle. Thi s shock ei ther prec eeds or trails the closure depending on the
closure vel ocity when compared to the ex hausting gas vel oc ity. A second
pressure wave is cau sed by the high velocity gasses leaving the nozzle
with the closure . The peak noise is of a transient nature; thus it is
a function of time and location . It is caused primarily by the exhaust
gasses expanding i nto the atmosphere, and secondly by nozzle closure motion.
The pea k noise pressure wave is followed by a brief “steady sta te” gas fl ow
and reflected noise from the ground and local objects as wel l as noise
generated at the forward end of the launc her. These effects produce noise
much lower than the transient burst and do not drive suppressor design.

The Boeing Army Systems Division began a noise suppressor research program
in 1976. A subscal e hardware development and test program demonstrated
that the peak noise produced by the pressure wave could be reduced by at

2
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1.0 (Continued)

least 10 db~ with a baffled suppressor mounted to the launcher aft of the
motor. Based on thi s subscale test data, suppressor hardware was desi gned
for the M-72 weapon system and a joint MIRADCOM/Boeing test series was conducted
in 1978. These tests were designed to verify that the suppressor concepts
would work on full scale hardware and to establish an experimental/theoretical
data base for extending the design to an actual field weight system.

The M-72 noise suppressing hardware, that was designed and tested , addressed
both possible sources of the peak noise. The nozzl e closure shock strength
was varied by changing the aerodynamic shape of the closure on both the
forward and aft ends and by varying the pressure required to expel the
closure. The pressure wave generated by the expanding exhaust gas was
contained in several configurations of baffled suppressors. The peak noise
reduction capability of each hardware configuration was determined and the
data were analyzed to determine theoretical relationships that can be used
to predict the performance of simi l ar hardware when used on other rocket
systems.

When the baffled suppressors of the type shown in Figure 1-2 were attached

FIGURE 1-2. NOISE SUPPRESSORS



- r~~ 
—

~~~~
--- - - -

D256-l05l4

1.0 (Continued )

to the launcher aft of the motor, the peak noise at the gunners position
was reduced from 169.7 db to 159.1 db. The performance and pressure data
obtained with these “boilerplate ” suppressor designs have shown that these
suppressors can be redesigned to field weight systems that have equal or
better performance .

The test results of the aerodynam i call y shap ped nozzle closures have shown
that the ogive/bl unt closure configuration shown in Figure 1-3 can reduce

STANDARD M-72 OGIVE/BLUNT

- FIGURE 1— 3 . NOZZLE CLOSURES

the peak noise at the gunners position by 1.3 db when compared to the
standard M-72 nozzle closure .

An empirical method has been develo ped to estimate the energy in the pressure
wave by Integrating the initial pressure pulse measured when the wave passes
the sound pressure level instrumentation . The estimated energy was correla ted
with the non-dimensional distance from the source and the results are shown
in Figure 1-4. These data were found to correlate wel l with the spherically
syninetric point explosion data. As can be seen from the energy data pre-
sented in Figure 1-4, the suppressor Is not just acting as a noise shield
but is substantially reducing the acoustic energy when compared to the
unsuppressed data.

4



D256-l05l4

1.0 (Continued)
0 C GAGE UNSUPPRESSED

180 
A B GAGE UNSUPPRESSED

\ 0 C GAGE UNSUPPRESSED

\ ~ AVERAGE OF 5 STANDARD CLOSURES

\ b 0 AVERAGE OF 5 OGIVE/BLUNT CLOSURES
175. 0 AVERAGE OF 3 BLUNT/CLOSURES

\~~~170

\
165 

>~
s
\ 

0

EXPLOSION CORRELATION
(REFERENCE 6)

160

I I I I I I
1 2 4 6 8 10 20 40

MOND MENSWRAL DiSTANCE

FIGURE 1-4. CORRELATION OF ENERGY DATA WITH EXPLOSION THEORY

The theory of shock propagation through a non-uniform duct has been appl ied
to the baffle concept used in the suppressor design . This theoretical method
was used to obtain the reduction in pressure wave strength as it passes
through a series of baffles. The reduction in pressure wave strength for
the analytical suppressor was calculated to be between 7 and 13 db compared
to 8.3 db obtained in the suppressor tests.

Based on the test data , the physical explanation of the noise attenuation
through baffles and the analytical results obtained , noise suppressor con-
figurations can be developed that have up to 12 db noise reduction capa-
bility . These suppressors must have a solid case to shiel d the gunner ,
several baffles (at least three) and should have a divergent cross-section
shape. If the additional shielding effect of the exhaust gas stream is
utilized , the suppressor conce pt wou ld have a confi gura tion as shown in
Figure 1-5.

5
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1.0 (Con ti nued ) I— BAFFLES
SH IELDING
GAS STREAM

LAUNCHER

MOTOR 
______ ______

AERODYNAMIC
SHAPED CLOSURE

FIGURE 1— 5. ADVANCED SUPPRESSOR CONCEPT

These tests and analytical results have confirmed that the energy which
produces the peak noise is contained in a pressure wave that is emi tted
when the nozzle closure is expelled from the motor. A second advanced
suppressor concept that confines this pressure wave and nozzle closure
could take the form of a bag attached to the launcher as shown in Figure 1-6.

BAG ATTACHED TO CANISTER

LAUNCHER

STORED BAG ATTACHED TO CLOSURE

— 
— ~/ 

WEAKENED BLAST WRVT

FIGURE 1-6. ENERGY ABSORBING MATERIAL BAG
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1.0 (Continued)

It is estimated that a fielded system of this design would weigh less than
3 lbs., and could be folded to fit within a smal l cannister at the rear
of the launch tube. In addition to reducing noise , this design also
reduces flash and smoke signature . The bag material would have to be an
energy absorbing porous reinforced foam that would attenuate the pressure
wave energy as it passes through. Such a bag has been tested during the
Boeing Research Program and produced over 11 db reduction at the gunners
pos iti on when compared to the unsuppresse d case.

The following paragraphs describe the noise suppressor hardware design ,
test and analyses tasks that were performed as part of the Rocket Motor
Peak Noi se Reduction Program.

7
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2.0 NOISE SUPPRESSING NOZZLE CLOSURE DESIGN AND EVALUATION

This part of the Peak Noise Reduction Program was performed to understand
the noise generated by the explusion of the nozzle closure during the
firing of a small rocket motor. As can be seen from Figure 2-1 , there
are several postulations available about how the noise is generated when
a rocket motor is fired. At some pressure level the nozzle closure is
expel led from the nozzle at a high velocity . A shock wave will be formed
around the nozzle closure generated by its own motion (if supersonic), or
by the supersonic flow of hot gasses impinging on the closure . In either
case, the shock wave produced is interpreted by the gunner as a noise
pul se. The strength of this shock wave is a function of the closure
configuration . The following paragraphs describe the design of the noise
suppressing closures with various aerodynamic shapes , the tests conducted
to determine the peak noise generated by each configuration and the test
data analyses.

2.1 NOISE SUPPRESSING NOZZLE CLO SURE DESIGN

The noise produced by the nozzl e closure being expel l ed from the throat
of a nozzl e is dependent on the velocity of the closure , the shape of the
cl osure , the motor chamber pressure when the pl ug is rel eased , and the
cross section area of the closure tha t displ aces the gas that it is passing
through. If we make the assumption that the closures are stable for a
short distance from the nozzle , the cross sectional area for each closure
is the same and will not need to be considered as a variable. Since the
vel ocity of the pl ugs was unknown , both subsonic and supersonic shapes
were designed to weaken the shockwave produced. This was accomplished by
using bl unt, ogive and cone aerodynamic shapes . The closures wi th the
blunt nose and aerodynamic base are designed for a subsonic closure
velocity wi th a supersonic exhaust gas overtaking from the rear. The
closu res with the aerodynamic shapes on the nose are designed for the
case where the closure velocity is just supersonic but slightl y higher
vel ocity than the exhaust gas. The closures wi th the aerodynamic 

shapes8
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LAUNCHER

(iii 11
~~~~~~~

/
P NOZZLE CLOSURE

PRE—LAUNCH AND PRESSURE BUILD-UP

SHOCK FRONT
(SUBSONIC CLOSURE)

CLOSURE
~~~~~~~~~~~~~~~~~ 

~ 
NOZZLE

SHOCK FRONT (SUPERSONIC CL0SU~~~~~~~~~NOZZLE CLOSURE BLOW-OUT

.—

/ SHOCK CREATED
________________________________ BY SUBSONIC

NOZZLE CLOSURE7 EXPULSION

SHOCK CREATED
\... .. BY SUPERSONIC

PRESSURE WAVE GENE~~TED NOZZLE CLOSURE
EXPULSIONBY EXPAN DED GAS

EXHAUST GAS
FLOW STREAMLINE

PEAK OVERPRESS URE FROM NOZZL E PLUG SHOCK AND PRESS URE WAVE

FIGURE 2-1. PRINCIPAL PEAK NOISE CONTRIBUTORS DURING FIRING OF
A SMALL ROCKET MOTOR
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2.1 (Continued)

on both the nose and base are designed for a supersonic closure velocity
being overtaken by a supersonic exhaust gas velocity. Each aerodynamic
configuration is shown in Figure 2-2. The pressure seal ing fl ange used
on these noise suppressing closures was designed to shear at the desired
motor chamber pressure leaving a “clean ” aerodynamic closu re shape that
is expel l ed from the nozzle. Detail drawi ngs of the closures are given
in Appendix A.

cru~-12 OGEVE/BLUNT —22 BLUNT/OGEVE —32 BLUNT/CONE -42 CONE/BLUNT

1.250 R 1.250 R
BLE ND BLE ND

EtEL~ 3O~~~~~~~~~~~~~~~~~~~~ OO

—52 001 VE/OG IVE -62 CONTOUR /CONTOUR -72 CONE/CONE STANDARD M-72

FIGURE 2—2 . NOISE SUPPRESSING CLOSURES

2.2 NOISE SUPPRESSING NOZZLE CLOSURE RELEASE PRESSURE TEST

The noise suppressing closures do not have the ignitor cavity in the base
as the standard M-72 closure . This design difference was expected ~o
cause the noise suppressing cl osures to release at highe r motor chamber
pressure than the standard M-72 closure. A special test was planned and
executed that would determine the rel ease pressure of all the closure
designs. In order to test for release pressure , the special test fixture
sho~~ in Fiq’ re 2-3 was designed and fabri cated by M IRADCOM . The test

10
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2.2 (Continued )

PRESSURE
TRANSDUCER

f ~~~~~~~ PROPELLANT VOLUME

~~~~~~~~~~~~

IGNITER~~~~ ___  

—
WIRE SEAL r -- NOZZLE

— . CLOSURE
I IGNITER AND
I POWDER CHARGE

~.L. ADAPTER-. COLLAR

FIGURE 2-3. NOZZLE CLOSURE RELEASE PRESSURE TEST FIXTURE

fixture is made up of a modified M-72 motor that can be attached to the
wall of the test cell. MIRADCOM also designed and fabricated special
ignitors capable of raising the motor chamber pressu re to 6000 psia.
Thi s ign itor was used to generate gasses that would simulate the actual
M-72 rocket motor chamber pressure buildup rate prior to closure expulsion.
No propellant , other than the ignitor , was used in the rel ea se pressu re
tests. An inert cylinder was installed in the motor chamber to simulate
the initial propellant volume prior to ignition so that chamber pressure
buildup rates woul d be more realistic. Chamber pressure was measured
with a pressure tran sducer attached to the collar clamped to the motor
ca se . A hole was drilled through the moto r case under the pressure
transducer. The ignitor wi res were routed out through a head end seal
so that they woul d not have to be routed through the nozzle closures .

11
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2.2 (Continued)

Using the test fixture descri bed above, the initial nozzle closure release
pressure tests were conducted with the standard M-72 nozzle closure . Data
for chamber pressure as a function of time was recorded on magnetic tape
and on an oscillograph . The peak pressure from these data are recorded
for each test in Table 2-I.

TABLE 2-I - STANDARD M-72 NOZZLE CLOSURE RELEASE PRESSURE

Test No. Rel ease Pressure PSIA
3 121 5
4 1125
5 1237
6 997.5
7 1020
8 1162
9 1087.5

10 1050
11 1207.5
12 1057.5
13 1300
14 1050
15 1040

The average rel ea se pressure for the standard M-72 nozzle cl osure from the
data in Ta bl e 2-I is 1119.2 psia. This average rel ease pressure was used
as the baseline release pressure for designing the fl ange on the noise
suppressing closures. The standard M-72 closure flange was dupl ica ted on
each of the noise suppress ing closure configurations. Initial tests of
the noi se suppressing closures revea led that they would not rel ease at

12
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2.2 (Continued )

pressures above 2500 psia. The flange configuration was modified as shown
in Figure 2-4(a) by r~~oving .032 inches of the aft portion of the flange.
This modifi ed flange configuration would not allow the closu re to release
at pressures up to 2500 psia. The fl ange configuration was further modi-
fied as shown in Figure 2-4(b) by undercutting the fl ange to a depth of .11
inc hes. This flange configuration had a root thickness of .065 inches and
expel l ed at a peak motor chamber pressure of 1850 psia. The flange configura-
tion was modified again wi th more undercutting of the flange to a depth of

.135 inc hes as shown in Figure 2-4(c). The flange root thickness of the

(a) FIRST MODIFICATION (b) SECOND MODIFICATION (c) FINAL MODIFICAT ION

FIGURE 2-4. FLANGE MODIFICATION

fi nal modification was .040 inches . Five noise suppression closure config-
uration s were modified to the .040 flange root thickness. The peak rel ease
pressure of each of these closures was determined and the results are give n
in Table 2-lI.

TABLE 2-Il - NOISE SUPPRESSING CLOSURE RELEASE PRESSURE

Confi guration
.040 Fl ange Root Release Pressure PSIA

-12 ogive/ bl unt 840
-42 cone/blunt 920
-52 ogive /ogive 1030
-62 contour /contour 970
-72 cone/cone 960

13
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2.2 (Continued)

The trend data for plug release pressure for the flange root thickness
tested is shown in Figure 2-5. Using these data it was determined that a
noise suppressi ng cl osure flang e root thickness of .047 inches would produce
a mean release pressure of 1200 psia. Each of the noise suppressing closure
configurations was fabricated with a flange root thickness of .047 inche s
for the nozzle closure tests.

3500 - /

/
/

3000 -

2500 - /
/

/
/

!~ :: ® TEST DATA WITH
I NOISE SUPPRESSING

I CLOSURE DESIGNS

iooo - -52 0 RECOPB4ENDED FLANGE ROOT
-62 THICKNESS FOR (4) -2 AND

- 
-42 RELEASE PRESSURE TEST

/ 
2 PRESSURE RELEASE

500 - RANGE FOR STANDARD
M— 72 CLOSURES

~~ FLANGE ROOT THICKNESS
/ USED FOR NOZZLE

/ CLOSURE TEST
0 —  I I I I

0 .02 .04 06 .08 10 .12 . 14
FLANGE ROOT THICKNESS - INCHES

FIGURE 2-5. NOISE ~‘JPPRESSING CLOSURE RELEASE PRESSURE

By extrapolating the data for rel ease pressure versus flange root thickness
given in Figure 2-5, it can be determined that the noise suppressing closure
can be modified to allow testing over a wide range of release pressures.
Since the flange shears free leaving a “clean ” aerodyn~nic ~ ape that is
expelled , it was determi ned that release pressure woul” be the only
variable in such a test. Four release pressure level s were sel ec ted, three

14
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2.2 (Continued)

above and one below the standard 1200 psia as shown on Figure 2-5. The
noise supp ress ing cl osure conf igurations sel ec ted for the rel ease pressure
test were the -22 (blunt/ogive) and the -32 (blunt/cone). These are shown
in Figure 2—6.

FLANGE CONFIGURATION FLANGE UNDERCUT
UNDERCUT—ø-1 

____________________ 

(INCHES)

~~~~~~~~~~~ -23 OGIVE/BLUNT .148

—24 OGIVE/BLUNT .108

-25 OGIVE/BLUNT .088

-26 OGIVE/BLIJNT .068

CONFIGURATION FLANGE UNDERCUT
_____ _____ 

FLANGE INCHESl UNDERCUT ____________________ _____________________

~~~~~ -33 BLUNT/CONE .148

> -34 BLUNT/CONE__- .108

-35 BLUNT/CONE .088

-36 BLUNT/CONE .068

FIGURE 2—6. NOISE SUPPRESSING CLOSURES FOR THE RELEASE PRESSURE TEST

2.3 NOISE SUPPRESSING NOZZLE CLOSURE TEST

Each of the noi se suppressing closure configurations developed through the
design and test descri bed in paragraphs 2.1 and 2.2 were fired in a simu-
lated launch situation to determine their noise suppressing capability.
The test fixture used -for thi s test is shown in Figure 2-7. Special design

15 -
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2.3 (Continued )

RECOIL
LOAD LOAD PRESSURE

THRUST CHAMBER 

SIMULATED
CELL TRANSDUCER

~ 
TUBE

NOZZLE

MOTOR CASE
EXTENSION COLLAR 

CLOSURE

EXISTING AND SEAL8” PIPE

FIGURE 2-7. NOZZLE CLOSURE TEST FIXTURE

features of thi s fixture incl ude a dual load cell arrangement for measur ing
both recoil and thrust. The motor case is modified with a collar and seal
that allows the ignitor wires to exit through the case rather than the
cl osure. The forward end of the motor case is extended so that the various
closure designs will not interfere with the propellant and special bag
ignitor . Detail drawi ng s of thi s test Vxture are given in Appendix A.
This test fixture was installed in the Propulsion Directorate Smal l Rocket
Test Facility as shown in Figure 2-8. The instrumentation for this test
included measurements for thrust, reco il, motor chamber pressure and sound
pressure l evel . Instrijuentation locations are shown in Figure 2-7 for all
variables except sound pres sure level gages wh ich are loca ted as shown in
Figure 2—9.

A typical motor buildup, installation and test sequence incl uded the
followi ng items.

16
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~~~~~~~~~~~~~~~~~~~~~~

I 14’

~~ r ~~____ 
j .:.. . .~

— 
____:.-

, .-.I2’~
... ~~2’L ! i ? ’ . VERTICAL :

___________ STAND

_1O

~~~~~~

z r~<FIXTURE 
~~~~ ~‘- CRANE

FIGURE 2-8. PROPULSION DIRECTORATE SMALL MOTOR TEST AREA

TEST FIXTURE

_ _  

-_ _

.25 m1900
.2 5 m

SOUND PRESSURE
LEVEL -A- GAGE

1

1 _ _ _ _ _

FIGURE 2-9 . SOUND PRESSURE LEVEL GAGE LOCATIONS
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2.3 (Continued )

1. Install the nozzle closure in the throat of the nozzle.
2. Install the bag ignitor.
3. Route the ignito r wires throug h the case and collar seal.
4. Load the motor with standard M-72 propellant.
5. Check instrumentation for operation .
6. Instal l the motor in the test fixture.
7. Fi re Motor and Record data

The data measured by the instrwientation was recorded on both magnetic
tape and on an oscillograph recorder for the duration of the motor firing.
A typical oscillograph recording of the data is shown in Figure 2—10.

A GAGE

B GAGE _
__

_
____

_
____

2 PSIA

~~~~~~~~~~~~~~~~~~~AG~~

F
TIME

3000 LBS

FIGURE 2-10. OSCILLOGRAPH DATA RECORDED DURING THE NOZZLE CLOSURE TESTS
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2.4 NOISE SUPPRESSING NOZZLE CLOSURE TEST DATA ANALYSIS

The peak sound pressure level data recorded for each of the noise suppressing
closure configurations tested are presented in Tabl e 2—Ill . These data were
developed from the oscillog raph data as follows. Using the oscillograph
trace for the A gage in Figure 2-10 as exampl e, the recorded data for

A gage reads zero until the pressure wave passes . The initial pea k
pressure level recorded as the pressure passed the gage has been inter-
preted as the peak sound pressure level .

The data for a series of five standard M-72 closures that are presented in
Table 2-Ill were used to dete rm ine the basel i ne levels for the sound
pressure gages at positions A , B, and C shown in Figure 2-9. These data
indicate that the sound pressure level at each position is unaffected by
motor-to-motor variations . Thi s hypothesis is further supported by the
data shown in Figure 2-1 1 that shows that peak noise produced at each
position is virtually unaffected by peak thrust.

3 STANDARD M-72 MOTOR AND CLOSURE

0 GAGE A
0 GAGE B
~ GAGE C

-J 0
w 2~ —

-J 0
w

C,,

w

£
• C:) C:)

C,,

w
0~

0~ I I I I
6000 7000 8000 9000 10,000 11,000

INITIAL PEAK THRUST - LBS

FIGURE 2-11. MOTOR-TO-MOTOR VARIATION OF PEAK SOUND PRESSURE LEVELS
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TABLE 2-Ill - NOZZLE CLOSURE PEAK SOUND PRESSURE LEV EL DATA

CLOSURE A GAGE B GAGE C GAGE
CONF IGURATION P - PSIA db* P - PSIA db* P - PSIA db*

-12 Ogive/Blunt .92 170.05 1.98 176.75 1.16 172.05
-22 Bl unt/Ogive 1.0 170.75 2.68 179.25 .98 170.6
-32 Bl unt/Cone 1.28 173 2.32 178.05 1.36 173.4
-33 Blunt/Cone 1.14 171.95 2.06 177.05 .98 170.6
—34 Bl unt/Cone 1.68 175.35 2.2 177.6 1.08 171.5
-35 Bl unt/Cone 1.22 172.5 1.96 176.6 1.1 171.6
-36 Blunt/Cone 1.14 171 .8 1.92 176.45 1.08 171.5
-42 Cone/Blunt 1.36 173.45 1.68 175.35 1.38 173.6
-52 Ogive/Ogive 1.24 172.65 1.90 176.35 1.10 171.6
-62 Contour/Contour 1.04 171.1 1.86 176.15 1.24 172.65
-72 Cone/Cone 1.16 172.0 1.70 175.4 1.24 172.65
-12 Ogive/ Bl unt .74 168.1 2.1 177.2 .88 169.7
-12 Ogive/ Bl unt .66 167.1 2.02 176.9 .88 169.7
-12 Ogive/Blunt .86 169.5 1.84 176.1 .86 169.5
-12 Ogive/ Bl unt .74 168.1 2.06 177.0 .88 169.7
-12 Ogive/Blunt .8 168.9 1.92 176.4 .94 170.25
-22 Blunt/Ogive .86 169.5 2.12 177.3 .82 169.1
-22 Bl unt/Ogive .72 167.9 2.08 177.1 .9 169.9

j -22 Blunt/Ogive .8 168.9 2.32 178.1 .94 170.25
-22 Blunt/Ogive .78 168.6 2.42 178.4 .92 170.1
-22 Bl unt/Ogive 1.08 171.5 2.3 178 .86 169.5
-23 Blunt /Ogive .68 167.5 1.92 176.4 .76 168.4
-24 Blunt/Ogive .9 169.9 1.8 175.9 1.0 170.8
-25 Blunt/Ogive .82 169.1 2.24 178.3 .9 169.9
—26 Blunt/Ogive .76 184.4 2.06 177 .94 170.3
Standard M72 .8 168.85 2.1 177.2 1.0 170.75
Standa rd M72 1.0 170.75 1.94 176.5 .92 170.05
Standard M72 .84 169.3 2.02 176.9 1.14 17l.
Standard M72 

- 
.96 170.4 1.92 176.4 1.02 170.9

Standard 1472 .8 168.85 2.06 177.1 .9 169.9

*db 2O L~~ 
P

~ 2.9O OBXiO~~ 20 -

_______________________ • —• —• - -—— . — . — — - —

— S — - -~
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2.4 (Continued)

Since the peak sound pressure l evels measured at position A , B, and C had
small motor-to-motor variations for the five standard M—72 closures tested ,
the baseline sound levels were developed by averaging the data for these
positions. The average sound pressure level and standard deviation data for
the standard M-72 that will be used throughout this report as a baseline
are given in Table 2— IV.

TABLE 2-IV. STANDARD M-72 PEAK SOUND PRESSURE LEVEL DATA

AVERAGE SOUND STAN DARD
GAGE PRESSURE DATA DEVIATION

POSITION P - PSIA DB*
A 0.88 169.7 ±.O938
B 2.0 176.8 ± 0769
C 0.996 170.8 ~.0953

*DB ZO LOG P
10 2.9008x10 9

With the baseline sound pressure level s established above as a reference,
the data for the noise suppressing closure configurations were evaluated
for peak noise reduction capability . The data presented in Tabl e 2-Ill
revealed that none of the noise suppressing closure configurations designed
for 1200 psia release pressure are quieter than the standard M-72 closure
at the gunners position (A gage). Configurations -12 (ogive/bl unt) and -22
(blunt/cone) are the quieter of the six designs. In order to reduce the

• motor-to-motor effects on peak noise , five each of the two quieter closure
design s were fired in a repeat test. The resul ts of this test shows that
the -12 configuration on the average was 1.3 db quieter than the standard
pl ug at the gunners position (A gage). The -22 configuration was only
0.4 db quieter.
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2.4 (Continued)

A separate analysi s of the data generated for the noise suppressing closure s
designed for different rel ease pressure was made. This analysis revealed
that mediijii release pressure levels produced the highest peak noise level s
as shown in Figure 2-12. The spread in the data for the two configurations
at the A gage position is too l arge for a motor-to-motor variation. These
differences have been attributed to instrumentation accuracy or calibration .
The trends in the data show tha t the lower rel ease pressures tend to produce

lower peak noi se at all three sound pressure level gage positions.
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FIGURE 2-12. PEAK NOISE FOR SEVERAL RELEASE PRESSURES
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3.0 NOISE SUPPRESSOR DESIGN AND EVALUATION

Following the noise suppressing closure tests the Peak Noise Reduction
Program was continued by developing a technique that would weaken pea k
noise associated wi th the nozzl e closure motion and the pressure wave
created by the exhaust gasses leaving the nozzle. The gas flow model
was assumed to be similar to the gas flow/projectile relationship shown
in Figure 3-1 . An effective suppressor must weaken the pressure and
shock waves of the type shown in Figure 3-1 as early in their formation
as possibl e with minimuil effect on rocket performance and launcher recoil.
The following paragraphs will discuss the design and test of peak noise
suppressors that intercept and weaken the pressure and shock waves by
use of controlled gas expansion , shock baffling, energy diffusion and
noise focusing .

PRESSURE WAVE

ThCK

FIGURE 3-1. SHOCK WAVES PRODUCED 400 i SEC AFTER FIRING A
.30 CALIBER BULLET (FROM REFERENCE 2)

24
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3.1 NOISE SUPPRESSOR DESIGN

The peak noise produced by a rocket motor fi ring is associated wi th the
pressure and shoc k waves illustrated in Figure 3-1 . When these wave s pass
the gunners position they have attenuated some due distance travel ed from
the apparent emitter but are still strong enoug h to create a .88 psia over-
pressure at the gunners position as shown in Tabl e 2-IV for the standard
14-72 motor .

Several suppressor concepts for wea kening these pressure waves befo re they
reach the gunners position were tested and the results reported in
Rt.ference 1. Of the configurations tested , the baffled cylinder design was
the ni~~ effective noise reducer. This concept is shown in simplified form
in Figure 3-2. The con~~pf allows the strong pressure wave that occurs
as the nozzl e closu re is expelled from the nozzle to expand up to the baffle.
When the pressure wave reaches the baffle, part of the wave is reflected and
part is allowed to pass through the ori fice. The expansion-reflection pro-
cess weakens the pressure wave and mu st be repeated in three chambers to
max imize the effectivity of the baffled cylinder suppressor.

The two suppressors shown in Figure 3-3 were designed to evaluate the capa-
bility of the baffled cyclinder concept to reduce the noise produced by
the M-72 weapon system. These suppressors were designed to evaluate the
concept and were not intended to approach a field weight system. The
inside diameters of the two suppressors were set at eight (8) inc hes and
ten (10) inches. Each suppressor was designed so that, by selecting a
combination of the cyl i nder sections shown in Figure 3-4, the chamber length
between the baffles coul d be varied from one inch to six inches in one inch
intervals. Bosses were installed in each two and three inch cylinder
sections for installation of pressure transducers. The orifice size of
the baffles could be varied from 2.55 inches to 4 inc hes and in addition
both rigid and yielding baffles shown in Figure 3-5 were fabricated. The
cyl inder sections and baffle conbinations were held together wi th a four
piece band clamp si-i ’ i in Figure 3-6. To determine the effects of perfor-
ation s in the cylindc. between the baffles, a perforated cyl inder segment
is shown separated and installed in a suppressor in Figure 3-7 . Detailed
design drawings of the suppressors are included in Appendix A.

25
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/

PRESSURE WAVE GENERATED~~~~~~~ 
~~~~~~~~~~~ SHOCK CREATED BY

NOZZLE CLOSURE
BY EXPANDED GAS XHAUST GAS

FLOW STREAMLINE

NORMAL NON-IMPEDED GAS FLOW CHARACTERISTICS
—

/ _ _ _ _ _ _ _ _ _ _ NOZZLE CLOSUREI SHOCK

_____________________  
I 

~~~~~~ EMITTED PRESSURE
WAVEWEA KENED

PRESSURE WAVE 

~~

REFLECTED
PRESSURE
WAVE

INCREASED EXP

BAFFLED GAS FLOW CHARACTERISTI CS

FIGURE 3-2. BAFFLED CYLINDER SUPPRESSOR CONCEPT
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:~- •

5’

- .!.~:

8” ID SUPPRESSOR 10” ID SUPPRESSOR

END BAFFLE REMOVED SHOWING INNER BAFFLES AND ORIFICES

FIGURE 3-3. BAFFLED CYLINDER SUPPRESSOR
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PRESSURE TRANSDUCER
BOSS

3” SECTION 2” SECTION 1” SECTION

FIGURE 3— 4. SUPPRESSOR CYLINDER SECTIONS

BAFFLE
OR IFICE

YIELDING BAFFLE RIG ID BAFFLE

FIGURE 3—5. NOISE SUPPRESSOR BAFFLES
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BAND CLAMP INSTALLATION

FOUR PIECE BAND CLAMP

FIGURE 3-6. SUPPRESSOR BAND CLAMP
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FIGURE 3—7. PERFORATED CYLINDER SUPPRESSORS
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3.2 SUPPRE SSOR TEST

The forward end plates of the suppressors were designed to attach to the
aft end of the test fixture descri bed in paragraph 2.3. Figure 3-8 shows
a suppressor attached to the test fixtu re. This installation utilized all
the existing features of the test fixture incl uding the instrumentation.
When the suppressor is attached, three suppressor chamber pressure trans-
ducers are added to the instrumentation used for the Noise Suppressing
Closure Test shown in Figures 2-7 and 2-9. The M-72 rocket motor used for
this test was identical to that used for the noise suppressing closure test
and incl uded the special collar seal and the motor case extension .

COLLAR
CHAMBER AND

THRUST PRESSURE SEAL
LOAD TRANSDUCER

EXISTIN G CEL L SUPPRESSOR
8” PIPE RECOIL ~~

_____

CELL 
-

— [ADAPTER STANDARD
MOTOR NOZZLE
CASE CLOSURE
EXT ENSION

PRESSURE
TRANSDUCERS

FIGURE 3-8. NOISE SUPPRESSOR TEST FIXTURE

A typical test sequence was identical to that described in paragraph 2.3
for the nozzle closure test up to motor installation . Wh ile the motor was

being assembled and installed , the suppressor configuration was assembled
from cylinder sections, baffles and end plates and secured with the band
clamps . The suppressor was installed on the aft end of the simulated launch

tube after the rocket motor was in place . The instrumentation was checked
and the motor was fired . Data for each instrumented var iabl e was recorded
on magnetic tape and on a recor ding osc i llogra ph for the duration of each
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3.2 (Continued )

firing. Typical oscillograph recordings of this data are shown in Figures

3-9 and 3—10. The sound pressure l evel , thrust , recoil and motor chamber

pressure data are shown in Figure 3-9. A separate recording of the

suppressor chamber pressure was necessary and is shown in Fi gure 3-10.

I
2 PSIA

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  ~~~~ -

H ~— lms
TIME

A- lu ll
3000 LBS

or
3000 PSIA

THRUST LOAD CELL 
—

RECOIL LOAD CELL

MOTOR CHAMBER PRESSURE

FIGURE 3-9. OSCILLOGRAPH DATA RECORDED DURING THE NOISE SUPPRESSOR TESTS
(PART 1)
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________________________  
J”\~~~SUPPRESSOR_AFT CHAMBER

I 
CENTE R CH~~BER

500 PSI

I
~~~~~~~~~~SUPPRESSOR FORWARD CHAMBER

~ F_l0 ms

TIME

FIGURE 3—10. OSCILLOGRAPH DATA RECORDED DURING THE NOISE SUPPRESSOR
TESTS (PART 2)
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3.3 SUPPRESSOR TEST DATA ANAL YSIS

The suppressor test data analysi s has been approached from several aspects.
The data has been analyzed to determi ne the capabilities of the suppressor
to reduce the peak noise produced by a smal l rocket motor and to determine
the effects of the suppressor on rocket motor performance and launcher recoil .
An indepth data analysis , which is presented in paragraph 4.0, was performed
to understand the character of the sound fiel d produced by a rocket motor
firing and the mechanism of energy absorbed by the suppressor.

3.3.1 Noise Suppressor Capabilities

The typical sound pressure l evel data from gages A , B, and C given in
Figure 3-9 show the characteri stics of the measured data . The sound
pressure level s remain at zero until the pressure wave passes the gage
position. The initial peak associated with the pressure wave passing the
gage has been interpreted as the peak sound pressure level . Each of these
peak sound pressure levels are recorded in Table 3-I for all suppressor
configurations tested. Using the data presented in Tabl e 3-I suppressor
capability data were developed in Figure s 3-1 1 , 3-12 and 3-1 3 for each of
the three sound pressure level gage positions. By comparing the baseline
sound pressure level established in paragraph 2.4 and the sound pressure
level s mea sured with the suppressor instal led , the overall capability of

TABLE 3-I. NOISE SUPPRESSOR PEAK SOUND PRESSURE LEVEL DATA
SUPPRESSOR CONFIGURATION GAGE POSITION

_________ 
(3 CHAMBERS ) 

_______ ________________ __________________________________

INSIDE 
- 

CHA MBER ORIFICE B 
COP4IENTS

DIAM ETER LENGT H SIZE ________A 
—~~~~~~~ ______________

C
INCHES INCHES INCHES P ~ PSIA db* P ~ PS IA db* P -~ PSIA db*

8 3 2.55 .4 162.8 1.56 174 .6 -- --  Lost C gage data
8 4 2.55 .44 163 .6 1 .50 174 .3 -- -- Lost C gage data

8 5 2.55 .32 160.9 1.56 174 .6 - -  -—  Lost C gage data

8 6 2.55 .28 159.7 1. 16 172.0 .62 166 .5
• 8 6 2 .55Y .26 159.1 1.14 171 .9 .€o 166.3 Yield ing Baffles

8 6(1 Perf.) 2.55 .42 163.2 1.16 172.0 .68 167.4 Aft Chambe r Perforated
8 6 3.0 .26 159.1 1.45 174.0 .62 166.5

• 8 18 None .68 167.4 1.58 174.8 1.0 170.8 Open Cylinder
10 4 2.55 .42 163.2 1.18 172.3 —— —— Lost C gage data

10 5 2.55 .38 162.4 1. 40 173.7 .58 166.0
10 6 2.55 .32 160.9 1.22 172.5 - - -- Lost C gage data

10 6 2.55Y .34 161.4 1.14 171.9 .76 168.4 Y Ielding Baffles
10 6(1 Perf.~ 2.55 .42 163.2 LOB 171.5 •&1 166.3 Aft Chamber Perforated

10 6 3.0 .35 161.6 l.~~ 172.4 .78 168.6
10 18 None .68 167.4 1.66 175.2 1.0 170.8 Open Cylinder

*db • 2OLOG102 9008X10 9

—-

-
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10” ID SUPPRESSOR
3 BAFFLE S — 2. 55 IN CH ORIFICES

BASEL INE LEVEL 
—

O~ 
_________________________________

CHAMBER LENGTH - INCHES

8” ID SUPPRESS OR
3 BAFFLES - 2 .55 INCH ORIFICES

bASELINE LEVEL

0 ,,

CHAMBER LENGTH - INCHES

FIGURE 3-11. NOISE SUPPRESSOR CAPABILITIES AT THE A GAGE POSITION
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BASELINE LEVEL
2.0 — — — —

10” ID SUPPRESSOR
3 BAFFLES - 2.55” ORIFICES

LU

~ 1.5-

1.0-~,
CHAMBER LENGTH - INCHES

BASELINE LEVEL
2 . 0 — — — — —  

-j

8” ID SUPPRESSOR
3 BAFFLES - 2.55” ORIFICES

• 
LO _____

CHAMBER LENGTH - INCHES

FIGURE 3—12. NOISE SUPPRESSOR CAPABILITIES AT THE B GAGE POSITION
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0.

0
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~ .5-
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CHAMBER LENGTH - INCHES

1 5 8” ID SUPPRESSOR
3 BAFFLES — 2.55” ORIFICES

~~ BASELINE LEVEL 

CHAMBER LENGTH - INCHES

FIGURE 3—13. NOISE SUPPRESSOR CAPABILITIES AT THE C GAGE POSITION
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3.3.1 (Continued)

the suppres sor can be determined . In general the suppressors reduced the
peak noise at all three gage positions. Specifically, the 8 inch suppressor

with three six-inch chambers, reduced the sound pressure level s at all three
gage positions as follows: A gage position from .88 psia to .28 psia;
B gage position from 2.0 psia to 1.16 psia; C gage position from .996

psia to .62 psia .

The data on the A gage position , Figure 3—1 1 , show that increasing
chamber l ength between baffles will improve the capability of both the
8 and 10 inch suppressors. Similar data for the B gage position ,
Figure 3-12, show the same trend for the 8 inch suppressor. The B gage

for the 10 inch suppressor show that cham ber lengths above and below 5
inches ma ke the suppressor more effective. Data for the C gage position,
Figure 3-13, were l ost due to an instrument fa ilure for all c hamber lengths
except the 6 inch for the 8 inch suppressor and the 5 inch chambers for the
10 inc h suppressor.

The baffle concept used in designing the suppressors was verified by deter-

mining the eff ec t of the baffles, the effect of orifice size in the baffles and

the effect of baffle rigidity . The data presented in Figures 3-14 show that
the capability of the 8 and 10 inch suppressor is increased at all gage

positions by adding baffles. The open cyl inder provides some shielding to
the A and B gage position but is no better than the unsuppressed basel ine
at the C gage position.

When the size of the orifice used in the baffles was varied , the capability

of the suppressors was relativel y unaffected as shown in Figure 3-15. The
differences in the data for the two baffle orifice sizes are well within

the motor to motor variation s expected for the M-72 motor.

The 1/4” thick rigid baffles with the 2.55” orifice size were replaced with

.060” thick baffles to determine the suppressor capability with baffles

that ~~uld yield and absor b pressure wave energy as we l l as reflect the
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0
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5 .
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0
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0
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0.

—J 2.55” ORIFICES
LU

LU
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C-

~~~~
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2 55” ORIFICES
0
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0•
OPEN CYLINDER 3 BAFFLES

FIGURE 3-14. NOISE SUPPRESSOR CAPABILITY WITH AND WITHOUT BAFFLES
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10” ID SUPPRESSOR - 3 BAFFLES
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C,)
- 
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~~~~
O.
O

ORIFICE DIAMETER - INCHES

8” ID SUPPRESSOR - 3 BAFFLES

1.0- /
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C GAGE

VS .5-
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A GAGE
0

• 
~~~

.

0 1 2 3 4
ORIFICE DIAMETER - INCHES

FIGURE 3-15. NOISE SUPPRESSOR CAPABILITY WITH VARYING ORIFICE DIAMETERS
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3.3.1 (Continued )

pressure wave. The results of this test, Figure 3-16, show that the
suppressor capability was unaffected by allowing the baffles to yield.
This performance characteristic is a strong indication that if yielding
baffles are used in the fiel d weight system, suppressor performance will
not be degraded .

To investigate the effect of perforations in the chamber walls , the 8 and
10 inch suppressors were tested with a perforated segment installed in the
aft chamber. This chamber was perforated with 24 - 1/2 inch diameter
holes. Both the 8 and 10 inch suppressor capability was reduced at the
A gage position as shown in Figure 3-17. The effectiveness at the B
and C gage position appear to increase for the 8 inch suppressor and
decrease at the B gage position for the 10 inch suppressor.

Each baffled suppressor tested was instrumented for internal chamber
pressure. Pressure transducers located in each chamber between the
baffles recorded the pressure-time history . A typical oscillograph trace
of these data is shown in Figure 3-10. The maximum pressure recorded in
each chamber during the test is tabulated in Tabl e 3-Il. These data are

TABLE 3-Il. NOISE SUPPRESSOR MAXIM UM CHAMBER PRESSURES

SUPPRESSO R CONFIGU RATION (3 C HN IBE RS) CHAMBER PRESSURE — PS IA

INS I DE CHAMBER ORIFICE LOCATION C~IIMENTS
DIAMETER LENGTH SIZE — _______ ___________ _______

INC HE S INCHES INCHES 
- 

FOR~4ARD CENTER AFT

8 3 2 .55 50 2 15 285
8 4 2.55 50 175 195
8 5 2.55 60 135 340
8 6 2.55 110 465 -- Aft Chamber Unreadable

8 6 2.55Y 115 430 320
• 8 6(1 Perf.) 2.55 105 715 200

8 6 3.0 155 450 215
10 4 2.55 240 295 995
10 5 2 .55 70 70 160
10 6 2.55 70 80 220
10 6 2.55Y 75 175 165
10 6(1 Perf•) 2.55 -- 195 125 Fwd Chamber Unreadable

10 6 3.0 80 140 140

41

__  - 
. 5  .~~~~~~~. 

- .  -~~



0256-10514

10” ID SUPPRESSOR — 3 BAFFLES
2. 55” ORIFICES EXCEPT AS NOTED
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C- 0

RIGID 
BAFFLE STIFFNESS 
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L l.0-

C GAGE
VS
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Ui 5-
C-

A GAGE
0
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I BAFFLE STIFFNESSRIGID YIELDING

FIGURE 3-16. NOISE SUPPRESSOR CAPABILITY WITH YIELDING BAFFLES
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FIGURE 3-17. NOISE SUPPRESSOR CAPABILITIES WITH PERFORATIONS
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3.3.1 (Continued)

representative of the maximum pressure that will be seen in the respective
chambers . In general the quieter 10 inch suppressors have the lower chamber
pressures . The quieter 8 inch suppressors tend to have higher chamber
pressures when compared to the 10 inch suppressors.

3.3.2 Noise Suppressor Effect On Motor Performance and Recoil

The test fixture used to test the noise suppressor , Figure 3-8, was designed
with dual l oad cells for measuring both thrust and recoil. The basic
pri ncipal used to resolve these two forces is shown in Figure 3-18. Motor
thrust can be measured directly with the thrust load cell. The force
measured by the recoil load cell will be the thrust if the recoil forces
are zero. Any forces imparted to the fixture other than thrust will change
the force measured by the recoil l oad cell. The difference between the
force measured by the thrust load cell and the force measured by the recoil

load cell can be interpreted as recoil forces.

_______________ ~~ RECOILL~ L RECOIL __________  THRUST
J LOAD IL - -- - JI LOAD THRUST

________ CELL 1
JT~—Ij 

~~ 
CELL

_____  ________________  ~ RECOIL

FIGURE 3-18. THRUST AND RECOIL RESOLUTION SCHEMATIC
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3.3.2 (Continued)

The two load cells were sel ec ted and calibrated so that each woul d give the
same thrust trace when measuring the same force. The initial tests with
the fixture were used to veri fy this simulari ty. Typical thru st traces
for the load cell for the case where recoil is zero are shown in Figure
3-19. The two thrust traces are not absolutely identical but do agree
with the accuracy of two separate load cells.

When the suppressors were attached to the test fixture as shown in Figure
3-8, the measured data from the thrust and recoil load cells were not of
the same characteristics as shown in Figure 3-19. A comparison of the thrust
load cell measured data with and without the suppressors instal l ed is shown
in Figure 3-20. The mei~sured data wi th the suppressors installed indicate
that there is some vibrational motion in the fixture that causes cyclic
bending moments that are measured in the load cell as cycl ic thrust. A
comparison of the force measured by the recoil load cel l with and without
the suppressors installed is shown in Figure 3-21 . The effect of the vibra-
tional motion is more apparent in the recoi l load cel l since it supports the test
fixture on eac h end of the load cell. The larger bending moments imparted
to the recoil load cel l are measured as cycl ic forces .

TIME
‘-

FIGURE 3-19. THRUST AND RECOIL LOAD CELL SIMILARITY
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FIGURE 3-20. TYPICAL THRUST LOAD CELL MEASUREMENT
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FIGURE 3-21. TYPICAL RECOIL LOAD CELL MEASUREMENT
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3.3.2 (Continued )

V 
The overall test fixture installation was flexible due to the si7e of the
threaded connectors in the load cells. With this inherent flexibility ,
the motion in the test fixture could have been initiated by several possible
areas of misalignment such as: the load cells and the motor , the load cells
and the test fixture , the test fixture and the suppressors and non-parallel
baffles in the suppressors.

The motion initiated bending moments imparted to the load cells is super-
imposed on the axial forces measured by the thrust and recoil load cells.
In effect, the load cells are not measuring forces for which they can be

V 
calibrated to measure. No acceptable method was developed to separate the
bending moments and the axial forces since the load cells cannot be
calibrated to resol ve both bending moments and axial forces. The
existing test fixture has both alignment and load cell problems and wil l
require complete redesign to determine the effect of the suppressor on
motor performance and launcher recoil. It is recommended that a pendulum
type test fixture be designed and fabricated for further tests with the
suppressor.

-
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4.0 PEAK NOISE ANALYTICAL/EXPER iMENTAL ANALYSIS

In order to approac h rationally the noise suppression probl em it is
necessary to understand the character of the sound field produced by
the rocket firing and the mec hanism of energy absorption by a properl y
designed noise suppressor . To thi s end , an analysis of the generated

• sound fiel d based on expl osion theory was carried out . At the same
time a theoretical analysis upon tested noise suppressors has been per-
formed. The most important parameter in analyzing the sound field
theory is the energy rel eased by the explosion. This parameter could
not be directly mea sured but was estimated from acoustic measurements
made in the far field. To quantify the role of the baffl es, a physical
mechanism was postul ated; it is based on the attenuation of shock waves
as it propagates through the constriction formed by orifices in the
baffle.

4.1 EXPLO SION THEORY

When the nozzle closure is re1ea~~d from the rocket motor a strong
pressure wave is emitted from the motor . This probl em is geometrically
very difficult to analyze in any simple manner. However, it has a certain
analogy to a strong explosion . Several solutions to the strong expl osion
probl em are known (see Sedov, Ref. 2) and therefore it will be useful to
make a comparison wi th the predictions of these theories. Al though the
geometry of the closure rel ease from the rocket motor (and noise suppressor)
is very complica ted, it will be assumed initially that the wave motion is
spherical . This is approximately true until the projectile overtakes the
initial pressure wave. This is illustra ted in Figures 3—1 and 4—1 taken
from Reference 3.

Consider the probl em of a strong explosion at t = 0 in a gas at
rest from a point of symmetry (r = 0) wi th an instantaneou s rel ease of
energy E0 . The ambient atmosphere has density p.1 , pressure p1, and
specific heat ratio y. Assuming adiabatic perfec t gas processes the
spherica l explosion will be a function of the following dependent and
independent quantiti es:
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FIGURE 4-1. SHOCK WAVE PRODUCED 250 pSEC AFTER FIRING A .30 CALIBER
BULLET (FROM REFERENCE 2)
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4.1 (Continued)

p1, p
1~~ 

E~ , r, t, ‘
~

Dimensional analysis then shows that all the independent nondimensional
quantities can onl y depend on three nondimensional parameters:

5/6
r 1y, R —  , r =  / /

[ 0 ] 
~

/ 
E0

R and t are nondimensiona l variabl es for the radius and the time . y is
the specific heat rati o and rel ates directly to the properties of the
medi um.

A strong spherical shockwave is formed and moves radially from the point
of the ex pl osion. An abrupt change of properti es takes place across this
shock. The parameter r enters bec ause of the conditions that must be met
at the shock.

If E~, is very l arge then the motion becomes independent of P1, and P1
can be ta ken to be zero. In this case -r is no longer a relevant pa rameter
in the problem and R is the only remaining pa rameter. In this case neither
a cnaracteristic length nor a characteristic time exist and the motion is
sel f-similar. The position of the shoc kwave , ~ is determined by the
constant val ue ~ of the parameter ~~ . ~ has been determined from a com-
plete soluti on to the probl em and , for -

~ 
= 1.4 (air), is given by

Thompson (Ref. 4), ~~ = 1.033 . Therefo re , at the shock location

R = 1.033 =

2.
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4.1 (Continued)

This theory can be checked by pl otting 5/2 log R vs. log t. If this
theory is applicabl e then all the points would be on a straight line.
However, the shock locati on , R , would have to be determined for many
times .

The present instrumentat ion measured the t ime of arr iva l of the s hoc k at

two downstream location s (B and C gages). Therefore, it was more
meaningful to use the equat ion to determine E0 (for measured R and t) .

5
E _ p - R  1
° 

- 
(l.033)~ t2

If the theory was appl icable then E0 woul d be the same from the two gage
measurements.

The gage locati ons were wel l known and the times for the arrival of the
shockwaves at the gages could be determined wi thin 1/10 ms but there was
great uncertainty in the determination of the initiati on of the energy
rel ease . This was estima ted crudely from the roc ket motor cham ber
pressure mea surement . Neverthel ess, all of the tests with and wi thout
the su ppressor indicated that t he time to reac h t he gages was approx i-
mately constant for all of the tests. The results are summarized in the
table below.

Sound Pressure R E0
Level Gage (ft.) (sec.) (ft lb)

B 4.64 3.8 x lO~ 2.9 x lO~
C 9.28 7.6 x lO~ 2.3 x 106

V Becaus e E0 is not constant from the two measurements , and is al so
unrealistically l arge, it can be assumed that this strong shock solution
is not applicabl e to the present probl em and the pres sure p1 (and parameter
t )  cannot be Ignored. Self-similarity of the problem i s now lost.

_ _ _ _  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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4.1 (Continued )

When the pa rameters E0 , P1, and p
1 
are all necessary to describe the

probl em then a characteri stic length and a characteri stic time can be
defined . Note tha t -r can be wri tten as

t

is a characteri stic time . Using this time in R gives

r0

where

= (E0/ P1 )1’~
3

is a characteristi c distance. Notice that r0 and to can be determined
only after E0 has been determined , assuming that the ambient conditions

~ 1’ p
1

) are known .

The energy release , E0, associated with the expulsion of the nozzle closure
can be estimated from the pressure-time hi story by using an acoustic approxi-
mation. The energy density in an acoustic fiel d is given by

1 2 2
e = ~~- p 1 (u + 

~ 2~
~l 

a1

where p 1 
and a1 are undisturbed values of the density and sound speed,

p is the acoustic pressure , and u is the particle veloci ty. Assuming
spherical symmetry the total energy in the acoustic field is

R

Eo = 471
J 

c(r) r2 dr

0

where R Is the loca tion of the initial wevefront. Furt hermore, it may
be assumed that the pres sure and particl e vel ocity are in phase and are

-- - 
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4.1 (Continued )

related by, p 1 a1, characteristic impedance of the medium -

U =

Thu s

2
p1 a1

and

Eo =4~~
J 

~~2 r2 dr

o 
p
1
a
1

Thi s i ntegral can be changed to an integrati on over time at a fixed
radial location R0 by assuming that the wavefront is moving at the speed
of sound , dR = a1 dt. Then

12

E = 4irR 2 I
. 

.P dt
~ J pl~ l

T1

Only the contribution of the initial pressure pulse was used to estimate
the energy rel ease and thi s was approximated by a triangul ar wave form as
illustrated below.
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4.1 (Conti nued)

The n
T2
1 2 p2T

J =  I —~--— dt~ 
c

j  p 1a1 3p1a 1
11

and

= 4-’i R
Ø

2
J

Thi s use of only the initial positive waveform obviously underestimates
the energy flux since there is considerable energy contained in the fiel d
after the first zero crossing . However, the evaluation of this contri bution
would require numeri cal integration with a decision as to when to terminate
the integra l and wou ld very likely contain a contribut ion from reflected
we yes.

4.2 ANAL Vt ICAL /TH EORET ICAL COMPAR ISON

The procedure descri bed in paragraph 4.1 was used to estimate the energy
rel ease, E0, based on gage mea surements at positions B and C where such
measurements were available. Ideally, the two calcul ations should give
the same result; al though the approximations that have been made would
be better at position C, which is further from the source. Figure 4-2
shows a compari son between the estimated energy obtained from these two
gage measurements. Althoug h the two mea surements agree fairly well (at
lea st there is not the order of magnitude difference encountered in self-
similar bl ast wave theory) the C gage usuafly yields a larger value of
the energy release then the measurement at position B. Thi s is primarily
due to broadening of the initial pressure pulse duration , Te~ 

caused by
the wa vefront traveling fa ster than the speed of sound. Such effects are
not accounted for In an acoustic approximation .
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FIGURE 4-2. COMPARISON OF ENERGY Eo AS COMPUTED FROM B AND C GAGES

With thi s estimate of the sound energy released by the motor firing, an

attempt was made to correlate the peak pressure wi th the dimensionless

distance

1/3
— r p

r E l/3
0

The differences in the energies calcul ated from the two gages make l ittle

difference In the evaluation of ~ due to the cube root extraction . Data

from both B and C gages are plotted in Figure 4-3 against dimensionl ess

- ~~~~~~~~~~ 
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4.2 (Continued)

\ 0 C GAGE UNSIJPPRESSED
180 ~ B GAGE SUPPRESSED

~ C GAGE SUPPRESSED
E?~ AVG OF 5 STD CLOSURES

~~~ ~ AVG OF 5 OGIVE/BLUNT CLOSURES
175 - 0 AVG OF 3 BLUNT/OGIVE CLOSURES

~~~~170 -

\
(ThO

~ 165-
I-n

EXPLOSION CORRELAT I ON
0~ (REFERENCE 5 )

160-

155 —
1 2 4 6 8 1 0  20

DIMENSIONLESS DISTANCE -

FIGURE 4-3. CORRELATION OF MICROPHON E DATA WITH EXPLOSION THEORY

distance ~~~. Data obtained from unsuppressed tests with different cl osure
sha pes and for different suppressor configurations are displ ayed on this
graph. Al so shown on thi s graph is a correlation for spherically synine-
tric expl osion data taken from Chapter 6 of Explosions in Air , Reference 5.

The agreement between the pressure data and the point expl osion correlation
is considered to be reasonably good . The measured sound pressure data
general ly scatters about a line that Is 5-6 dB above the correlation
curve for point explosions. This discrepancy may be In part due to the
underestimation of the energy release by consideri ng only the energy con-
tained In the Initial triangular wave form. Increasing the energy values
would decrease the values of ~ shifting the data points to the left .
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A second ~05sib1e 
source of the 

disCrep~~~ 
is the lack of spherical

s~~~etrY of the sound field produced b~ the 
nozzle closure 

expu1S~
0
~

ThiS as~~ etrY in the 
absence of a 

suppressor is 
iiiustrated in 

Figure 4-4
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FIGURE 4-4. 
CORRELATION OF u~

suPPRESSED SOUND 
PRESSURE LEVEL

f or where the 
peak sound pressure level s of all three gages are plotted

against the 
non_dime ional distance ~~~~. 

The energy used In the evaluation

of ~ was calculated from sound pressure level data at the C gage . The

gages at poSitl0flS 
B and C are 

along a ray 450 frOm the launcher 
axis

while the A gage positl0fl is located alofl9 a ray 135° from the 
axis.

The meaSUr~~
ent5 along the 

450 ray lie above the 
cor~~1atb

0n for spherical

V 

waves while the data at 135° is considera~~Y 
below that corr

elatb0~ 
It

seemS rea sonabl e to suppose that , for the g~~metry under conSide~~
tb0n

~

the location of the cor elatiofl curve shiftS conti 0uS~~ 
with angular

variati0~ 
AddIt10fl~ 

gage mea SU~~m~~
ts would be required to dete~~~

e

the angular variation. An array of gages at a constant radial distance

In the far field would allow a more accurate dete~~
j
~~

tb0n of the acoustiC

energY relea se as
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4.2 (Continued )

Figure 4-5 show s the sound pressure level measured at the A gage as
related to the energy release cal culated from pressure data at the C
gage. Data is presented in Figure 4-5 for the test series where the
nozzle cl osure geometry was varied with no suppressor and the test series
for different suppressor configurations .

~ 175 -

0

E
U,
0
~. 170~

SUPPR ESSED

~ 165-

00
0

0 0 - 

~ OPEN CYL INDER
~ 160 

GD 
0 U AVG OF 5 STD CLOSURES

A AVG OF 5 OGIVE/BLUNT CLOSURES

~ AVG of 3 BLUNT/OGIVE CLOSURES
0

155 -

I I I I

2 3 4 8 1 0  2 3

ENERGY E0 AT THE C GAGE POSITION - FT/LB

FIGURE 4-5. PEAK SOUND PRESSURE LEVEL AT A GAGE AS A FUNCTION
OF ENERGY Eo

V 

The average of several Ogive/ Blunt and Blunt/Ogive tests snow a slight
reduction when compared to the average of 5 standard closure tests. It
appears that any noise reduction achieved by the variation of pl ug shape

alone tested woul d not be greater than 3 db.
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4.2 (Continued)

Perhaps the most interesti ng feature of Figure 4-5 is the compari son of
the data obtained with and without an attached suppressor. Thi s compari son
shows that the reduction in sound level perceived at the A gage position ,
by the addition of the suppressor is accompanied by a decrease in the
acoustic energy as calcul ated from the C gage. Thus the suppressor Is
not just acting as a sound shi eld to create the acoustic shadow for the
user but is also substantially reducing the acoustic energy that is
escaping from the launcher . This conclusion is strengthened by the fact
that the reduction obtained with only the suppressor with no baffles is
only about 2 db. This reduction is probably primarily due to shielding .
The internal baffles are es sential for effective noi se suppression and
with them the acoustic energy escaping the launcher is substantially
reduced.

4.3 QUANTITATIVE DISCUSSION OF THE SOUND ATTENT UAT ION DUE TO SUPPRESSORS

In this paragraph a physical expl anation of the sound attenuation due to
the provision of suppressors is developed and a quantitative estimate of
the pressure reduction is presented. The analytical resul ts compare
rather favorably with the experimental results. The postulated physical
mechanism also suggests that several future suppressors could have improved
attenuation.

Let us focus our attenti on on the front surface of the pressure wa ve pro-
pagating through the suppressor. As a first approximation , we regard the
pressu re wave as a p lane, norma l shock. (Al though, without the presence of
the suppressor , the pressure wave may be regarded as spherical . Within
the suppressor , we can neglect the curvature of the shock.) Figure 4— 6
shows the shock front at Its successive position as it propagates from
left to right when It passes through a constriction imposed by the baffl e
orifi ce. No drastic change occurs to the shock strength until its front
propagates beyond the constriction; then, owing to the sudden en1arg~nent
of the area , the shoc~k strength becomes weaker to sati sfy the requirenent
of mass conservation. This attenuation of the shock caused by the area
change is considered to be the key mechanism of sound suppression.
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FIGURE 4-6. SHOCK PROPAGATION THROUGH BAFFLES

In order to quanti fy this effect, we apply the theory of shock propagation
through a non-unifo rm duct developed by Whitham (Ref. 6). According to
Whi tham , if we designate the cross-sectional duct area, whi ch is varying
in the direction Of propagation x , as A(x) and the Mach nuither of the
mov ing shock as M(x), A(x) and M(x) are related by the followi ng differ-
ential rel ationship:

M2 - l  
A( M )~~~ +~~~ ~~- = O ,  (1)

where

~~
(M) = (l +

~~~~i 
1
~~~~~)(l + 2p +~~~),
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4.3 (Continued)

and

2 ..(y - l )M2 +2
2 yM - (y - 1 )

and y is the ratio of the specific heats. Al though A is a funct ion of
Mac h ntinber M , x varies little over wide range of Mach number as one can
see from the following limiting values:

for M + l , x - ~
. 4

M ~~, A -
~~ 5.074 (for y = 1.4).

T hus for all practical purposes , one may regard A as essentially constant
and can integrate (1) to obtain

X - r i

1

where the suffix 0 denotes the reference point taken at the orifi ce
(Figure 4-6). Whe n we express the pressure j ust behind the moving shoc k
before and afte r passing the restri ction as p0 and p(x), respectively
(Figure 4-6), its ratio may be obtained from the normal shock relationship
and the condition that the pressure just ahead of the moving shock always
remain constant (and equal to atmospheric pressure) . Thi s leads to

p~J 2y M2~x ) - (y - 1) (3)
~o 2y M0 - (y - l )

Thus the sound attenuation, In decibels , due to the shock passage through
the constriction is simply given by

d b = 2 o l09~~’~ —p0

62

S - - - - _ _ _ _



I- .

D256-l 0514

4.3 (Continued)

A 2/A
2y jç r2-

~ 
(M~

2 - l ) + l  - ( y - 1 )
db = 20 log ~~~ 2 (4)

2y M0 - (y - 1)

For the suppressor of 10” inner diameter and a baffl e with a 2.55”
orifice diameter,

2
A(x) = (1P. ) = 78.34 sq. in.

2

A0 
= (~~~

-
~
.-
~~~~

-) -
~~ 

= 5.11 sq. in.

According to the data available , the Mach number of the escaping air at
the time of firing is equal to 3. The initial Mach number of the moving
shock , M0, may be obtai ned from thi s val ue and the shock formulae and
obtained to be

M0 = 3.8.

From these , (4) yields

Adb = 7 db.

This is the sound attenuation due to the passage of the shock through
one baffle. The effect of the additiona l baffles can be estimated in a
similar fashion , although it should be noted, from the outset, that as
the shock travels further downstream, the above idealization of the shock
as planar , normal shock becomes less and less accurate. Nevertheless, if
we repeat the above procedure to include the second constriction, the com-
bined effect of the first and the second constriction is estimated to be

~db = 13 db.

V 
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4.3 (Continued)

Because of the aforementioned breakdown of the shock model , the actual

reduction would be probably somewhat less than this value. (The effect
of the thi rd baffle cannot be estimated by the Whitham ’s theory, because,
its being the last , it involve s the shoc k expansion into unbounded space;
its effectiveness in noi se reduction is considered to be margina l and
neglected in the present estimate). Collecting the above calculated
results, the noise reduction due to the provision of the baffles is
estimated to be

7 db < ~db < 13 db. (Calculated )

In spite of its ra ther crude approximation , this value appears to compare
favorably with the experimental data ; if we compare the unsuppressed
data (Table 2-IV) with the suppressor data for 10” ID suppressor with
2.55” orifice (Table 3-I), ~db is found to be

Adb = 169 .7  - 160.9 = 8.6 db (Experimental )

and this is close to the value estimated above. The multi pl e interaction
between baffles and the sound attenuation should be studied in our next
phase of investigation .

64 V

-—---.



S — —  V VV

D256-l 0514

5.0 REC OMMENDAT ION S

Based on the test and analyses performed as a part of the Roc ket Motor
Peak Noise Reduction Program the following recommendations are made.

1. The suppressor tests should be continued using the existing hardware
to establish design pa rameters such as: (1) the opt imi.an number of
baffles , (2) the optimum chamber length between baffl es , (3) the
opt imlill orifice size and (4) the effectivity of the suppressor
lined with sou nd absorbing material. Tests shoul d be included to
establish the combined effects of the noise suppressing closure s ,
low closure release pressure and the suppressor configuration .

- These tests shoul d be perfo rmed wi th the suppressor attached to a
test fixture tha t is designed to accuratel y mea sure both rocket
motor perfo rmance and launcher recoil. Instrumentation shoul d be
expanded to include (1) flow visualizati on of the pressure waves
and the nozzle closure motion and (2) additional sound pressure
level mea surements in the near and far fiel d to better define the
pres sure wa ve characteri stics.

2. In view of the success of the shock propagation theory for explaining
the sound attenuation in the baffl ed suppressor , the test data and
resul ts should be utilized to design prototype field weight suppressors.
These suppres sor designs should be ba sed on the existing data and the
design parameters established in the continued suppressor tests recom-
mended in (1) above. The configurations should include new suppressor
concepts that have surfaced duri ng the tests and analyses conducted
for this program such as that shown in Figure 1—5.

3. The test data and analysis techniques developed for the suppressor
during tests wi th the M-72 motor should be used to design and fabricate
suppressors for tes ts on other sma ll rocket motor systems .
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5.0 (Continued )

4. Pressure wave attenuation devices other than the baffled suppressor
should be designed , fabricated and tested. These suppressors could
take the form of an energy absorbi ng bag as shown in Figure 1—6.
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