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1.0 SUMMARY 

Octave Band analyses of the noise spectra of pulsejet engines have 
been made as follows: 

a. Engine sizes from 5" to 12.5" in diameter have been studied to 
determine the influence of engine size and rate of fuel flow upon 
the noise spectrum, operating frequency and thrust. 

b. Noise Control configurations have been tested, including twin 
engines in parallel configuration with an acoustically treated 
cowl around the tailpipes, with an integral acoustic filter, and 
two types of serrated tailpipe. 

Correlation of all available data indicates that noise level increases 
with thrust output for a given pulsejet, but that maximum thrust 
noise level is not a strong function of engine size. 
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2.0 INTR 0DÜCTI0N 

This report describes work accomplished under item 1.5 of Exhibit A, 
Change Order No. 6 of Contract AF33 (60O)-5860. 

The general objectives of "this report are (a) to present the single 
and multiple engine pulsejet noise data obtained to date, and (b) to corre- 
late this data on bases which will permit prediction of the noise performance 
of final power packages suitable for helicopter propulsion. 

The application of this data to the preliminary design of the MX-1660 
helicopter is described in Reference 4« 

The present report is based largely on material previously published 
informally as a reference report, Reference 5* 
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3.0 DISCUSSION 

3.1  INSTRUMEOTATION 

All the noise studies reported herein were made with 
Octave Band analyzing equipaent consisting of the Western Electro-Acoustic 
Laboratory 1000B Sound Analyzer ■which uses the Western Electric 64OAA Con- 
denser Microphone. In all cases the noise history of an engine run was 
recorded on an Anpex 350 Magnetic Tape Recorder. The recordings were made 
on continuous tape reels. For analysis purposes, the tape may be retained 
in reel form or tape loops may be cut out and played continuously. In this 
manner it is possible to choose an appropriate short steady period of noise 
out of a run which may be either too short or rariable for manual analysis. 
It is clear that the tape recorder is used only as a storage device. Its 
calibration and equalization can be adjusted veiy accurately and with this 
quality machine, can be counted on for stability over long periods of time. 
In using tape loops for analysis purposes, considerable caution must be 
exercised to Insure that the tape loop is played back under identical tension 
conditions as When recording, so as to asbure faithful reproduction of fre- 
quency. Proper facilities have been added to this equipment for this purpose. 
The fundamental operating frequency was measured for each engine condition. 

All these noise analyses were made with the engines mounted 
on c static test stand within the partial enclosure which is used for noise 
control and was described in Reference 1. Photo 1 shows the 6.75« engine 
mounted on a test stand and is representative of the mounting of all engines 
used in these tests. 

2^ THE INFLOEMCE OF BTOINE SIZE AND FUEL FLOW RATE ON 
NOISE SFECTRÖ^ 

Heretofore when it has been necessary to make calculations 
of expected noise from pwlsejet engines, it has been necessary to extrapolate 
data from very limited experience with various sizes of engines. It has been 
assumed that noise output would be proportional to rate of fuel flow, that 
is, to power input. The following study shows that this assumption is far 
from true and demonstrates that other factors are of much greater importance 
in noise production by pulseJets. All measurements of noise spectra here 
reported were made at a distance of three feet from the center line of the 
engines on a perpendicular midway along their length, except for the 12.5" 
engine. 

3»2.1 The 6.75" Standard Single Shell Biglne 

Most of this contractor's earlier studies in connection 
with the noise control prograr have used a single shell 6.75" engine, which 
has a tube length of 34 inches. It is only in deference to this previous 
work that this engine is called "standard". The noise output spectrum of 
this engine is shown in Figure (1) for several different fuel flow con- 
ditions. It will be noted that for the lowest rate of fuel flow the noise 
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epactrua is considerably reduced, whereas for higher values of fuel flow 
over a considerable range there is very little change in spectrum level. 

3.2.2 The 6,75* Single Shsll Bagine with Long Tail Pipe 

This engine is identical with the standard engine 
except for the tailpipe which is 4*5 inches in dianeter and increases 
the over-all length to A4 inches. Figure (2) shows noise spectra for 
three different fuel flow rates. Values of thrust and operating frequenoy 
for various fuel flows are given with each figure. 

^>t3 The 7.?» SimK Shell Bagine 

Figure (3) presents the noise spectra for this engine 
with appropriate rates of fuel flow. Again, the trend fro» a low value of 
noise production at low fuel flow rate to considerably higher values over 
a large range of higher fuel flow rates is uost evident with this engine. 

3.2.4 The 7.5" Conieal autine 

This engine it like the previous one except for an 
additional conical shell which is nhonn in Fhoto 2. Figure 4 shows the 
noise spectra for this engine. 

3.2.8 The 12.S» Single Shell ftigine 

Figure 5 shows noise spectra for four different fuel 
flows» This data shews the largest variation in high frequency noise 
spectrua, as a function of fuel flow, which has yet been found for a 
pulse Jet engine. Kote in contrast how snail the Variation is in the lower 
bands. Zt is also Interesting to note the extreas variation in operating 
frequenejr which aocoapaniss changes in fuel flow in this engine* This is 
one reason for the peculiar behavior of the noise spectra in the first two 
low frequency bands» because the fundamental frequency actually moves from 
oas band into aflother. It would be more Illuminating, although it does not 
at the aoaent seea worthwhile, to analyse these noise spectra in acre detail 
so as to determine the levels of the prominent harmonic coaponents which 
constitute the low frequency portion of a pulsejet noise epectrom. It 
should be pointed out that this engine was measured at a distance of six 
feet. In view of the difficulties of starting this engine and the expect- 
ation of ooneiderably higher levels than were actually produced, it was not 
oonsidered safe to leave the aicrophone in its usual fixed position; there- 
fore the aicrophone was kept at a safe distance until the engine was opera- 
ting stably, whereupon it was moved to the 6* position. Data from Figure 13 
indioatee that the spectrum may be approximately 2 to 3 db higher at the 3' 
position. 
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3«2.6 Comparison of Noise vs. Size 

Noise spectra for each of the above engines for a typical 
medium fuel flow rate are combined in Figure 3.6, In this case the spectrum 
from the 12.5w engine is increased by 3 db for proper comparison; also the 
spectrum for a 9.4M engine is included, data being drawn from Reference 2. 
This data clearly indicates that there is no substance to the thesis that 
noise output is proportional to power input. This finding suggests that 
one should search elsevrtiere for the controlling factor in noise production. 

Additional correlations of noise data from various pulse- 
Jets will be presented in section 3.4 of the present report, 

3.3   NOISE COWTROL CONFIGURATIONS 

3*3.1 The 6.75" Engine with Acoustic Filter 

One of the attempts in the study of noise control possi- 
bilities is represented in Photos 3 and 4, which show a simple acoustic filter 
built on the tailpipe of a 6.75" engine. This filter consists simply of an 
extra cylindrical shell around the tailpipe. The cavity so formed is con- 
nected with the tailpipe through perforations. The performance of this device 
is indicated In Figure 7, where its spectrum Is compared with more typical 
6.75" engines. 

The greatly reduced thrust produced by this engine is lndie*> 
tive of lower average exhaust velocity since the effect of an acoustical 
filter is to conrert a pulsating flow of gas into a steady flow. Unfortunately, 
this method of noise reduction is hardly tolerable, which emphasises the 
difficulty of finding methods of noise control which will not destroy the 
thrust-producing mechanism of the pulseJet engine. It appears that a proper 
method must retain the pulsating output flow from the tailpipe and surround 
this outflow, for noise reduction, at a sufficient distance to avoid rearward 
reaction forces on the enclosing shroud. 

In this same figure the comparison between two different 
tailpipe lengths is also most apparent. It is interesting to note in this 
comparison that the engine with the greater thrust produces the lower noise 
level. One possible explanation which will bear further study is as follows: 
the longer engine which encloses a larger mass of gases in the tailpipe pro- 
bably produces its thrust by accelerating a larger mass of gas to a lower 
value of exhaust velocity. 

3.3.2 Twin 6.75" Engines in Parallel Configuration 

The following data continues tests of this configuration, 
to which considerable study has already been devoted. Photo 5 shows this 
configuration mounted on a test stand. The present tests were intended to 
study the effectiveness of a shroud having an acoustically absorbent lining, 
which is shown in Photo 6. Photos 7 and 8 show the enshrouded engine con- 
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figuration mounted on the test stand. The lining of the shroud consists 
of Refrasil wool (High temperature Fiberglas) which is held in place by a 
layer of Refrasil cloth and a perforated Inconel-X screen. It was not 
expected that, this particular sample would be the last word in durability, 
not to mention performance. However, the Refrasil liner did stay in place 
long enough to permit the recording of noise samples. The results are shown 
in Figure 8, which shows the spectrum for the twin engines without shroud, 
for comparison with the spectrum produced by the engines in the treated 
shroud. The present tests confirm earlier experience with an untreated 
shroud, namely that the benefit furnished by the pairing of engines in the 
reduction of low frequency noise is to a large extent forfeited by the use 
of a shroud. However, the present tests also indicate a useful reduction 
in high frequency spectrum, which has not been hitherto achieved. It is 
not at present known why the use of a shroud restores the low frequency 
noise. Perhaps the length of the shroud has been unfortunately chosen so 
that the resonant frequencies characterized by this length are excited by 
the engine. Since temperature conditions within this shroud are hardly 
predictable, it is difficult to choose an appropriate length except on an 
empirical basis. However, if future work succeeds in achieving a combin- 
ation of the low frequency noise reduction resulting from pairing, together 
with the high frequency reduction produced by a small treated shroud, use- 
ful progress in noise control will have been achieved. 

3»3.3 Twin 6.75w Opposed Configuration 

Photos 9 and 10 show the mounting on the test stand of the twin 
opposed configuration which has been tested previously. The present tests 
were intended to measure the performance of this configuration, using an 
acoustical liner for the common shroud, which diverts gases from the tail- 
pipes. Photo 11 shows the result, which was simply to strew the lining 
material over the neighborhood. The material did not stay in place long 
enough to measure its effectiveness. It had been planned to test this 
material with small metal deflectors to protect the material from direct 
impingement, but these were not installed with the intention of determining 
the durability of the material. As a result the only noise records which 
are of value are shown in Figure 9, which is for the engine with common 
cowl but without liner. 

3.3.4 
from Tailpipe 

The 6.75l> Engine with Long Tailpipe and Tabs Extending 

Rectangular extensions were welded to the tailpipe, as shown in 
Photo 12. This experiment was an attempt to test the method proposed by 
the British, of serrating the tailpipe of a Jet engine. The theoretical 
background for such a proposal is not human. Figure 10 shows that the 
results were negative. 
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3*3.5 The 6.75" Engine with Long Slotted Tailpipe 

This experiment was a slightly different attempt to test the 
British theory. Hacksaw slots were cut into the trailing edge of the tail- 
pipe for about the length of the flared section« as shown in Photo 13* 
Figure 11 again indicates insignificant results. 

3.4 APPLICATION OF NOISE DATA TO HELICOPTER DE3ISN 

3./».I The Problem 

The problem is to extrapolate from available data on the noise 
spectra from various sizes of pulsejet engines so as to estimate the spectra 
which are to be expected for various possible configurations of pulsejet 
engines which may be capable of driving a helicopter rotor. The purpose of 
this investigation is to clarify the influence of the noise spectra on the 
potentialities for coomunieatlon to and from the helicopter and therefore 
the operational problems which may be encountered with use of the helicopter. 
It is suspected that the noise spectrum may be a controlling factor In the 
choice of the propulsion package inasnuch as it must be possible to operate 
within reasonable distances of the helicopter. These preliminary estimates 
«ill also form a basis for the preliminary design of the cabin walls of the 
helicopter and also the specification of the sound treatment within the cabin. 

3.4.2 Background Data 

During recent tests by this contractor, considerable new data have 
been collected regarding the noise spectra as well as other performance para- 
meters for various sizes of pulse Jet engines. Heretofore it has been 
assumed that the over-all chemical to acoustic efficiency of pulsejet engines 
of various sizes would be constant, in other words, that noise energy output 
would be proportional to the rate of fuel flow. Also, assuming that thrust 
per unit area would be constant, it followed that noise energy would be pro- 
portional to the square of the engine diameter. Lacking other data, these 
are the most logical and frequent assumptions. 

Recent studies lead to a different basis for extrapolation, as will 
be evident. 

The present report presents noise spectra for several sizes 
of engine at one distance and as a function of fuel flow rate. Since all the 
data on various sizes of pulsejet were taken at an azimuth angle of 90°, this 
position is chosen for the present correlation. This is reasonable also on 
the basis that the 90° position presents a noise spectrum which is very nearly 
the average spectrum for all angles around the engine. Furthermore, the 
helicopter cabin is located at 90° to the pulse Jet centerline in the normal 
installation. 
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For the purpose of facilitating graphical analysis of noise data, 
it is convenient to reduce the noise spectrum of each engine to two signi- 
ficant parameters: (a) The over-all sound pressure level is a familiar quan- 
tity and in general is an indication of the low frequency output of the 
engine, since the spectra of pulseJet engines is generally steeply sloping, 
(b) As an indication of the high frequency output and for purposes of corre- 
lating noise spectrum with annoyance, conranication interference, and deafen- 
ing effects, a quantity is used which is coming into increasing use under the 
term "SFIBCH INTERPEBENCE LEVEL". This parameter is the average of the sound 
pressure level in the three octave bands 600-1200, 1200-2400, 2400-4300 cps 
and is oooaonly abbreviated as SU. 

3«4«3 Correlation of Pulsejet Noise Data 

The data presented in Section 3.2 and 3*3 of the present report 
have been correlated on the bases of over-all noise level, "Speech Inter- 
ference Level", and effects of multiple operation as follows: 

3.4.3.1 Qyer-all Hoise Level 
* 

the over-«ll noise level for each engine is plotted in Figure 12-a 
a» a function of engine thrust. While each individual engine exhibits a 
general trend toward higher noise level at higher thrust (except for the 12.5 
engine), there is no apparent trend between thrust and noise level consider- 
ing the enitlaefl as a group. It Is particularly Interesting to note that the 
6.7^ inch "loBg-tailpipe" engine produces appreciably more thrust than the 
"standard" 6.75 Inch engine, yet is considerably quieter. The long tailpipe 
engine also offers better specific fuel consumption. Bhsed on Figure 12-a, 
it is ooneluded that pulsejet over-all noise level is not primarily controlled 
by engine else, and that a level of 145 db at 3 feet abeam is a reasonable 
estimate for pulse jets having maximum thrusts of 500 pounds or less. 

• ■ 

The conclusion that noise ! %vel is essentially Independent of engine 
else is so contradictory to experience with other types of jet engines that it 
most be viewed with suspicion and used with caution. Nevertheless, no other 
conclusion can be logically supported by the present data, which covers engines 
with a tenfold variation in mail mm« thrust. The value of 145 db recommended 
above is sufficiently greater than the lowest value shown for peak thrust oper- 
ation (139 db for a 6.75* engine) that it is surely achievable with pulsejets 
producing up to 500 pounds maxi mum thrust, even if later data should demon- 
strate a rising noise level with Increasing sise. 

A possible explanation of the unusual results of the present corre- 
lation Urns in the noise attenuation with distance for pulse jets of various 
sises as discussed later in Section 3.4.3.4; however, it is not believed that 
this effect is entirely responsible for the apparent Independence of pnlsejet 
noise and size. 
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3.A.3.2 "Speech Interference Level" 

The SIL data for each engine la plotted in Figure 12-b as a 
function of thrust (expressed as a percentage of maadmua thrust for the 
particular engine). The correlation here is surprisingly good, with maxi- 
mm thrust noise lerels falling within ± 1 db of 130 db for all but the 5M 

engine (which is at 125 db). The slope of db re, % thrust appears to be 
reasonably approximated by the line shown, which infers that sound energy 
is proportional to the third power of the thrust level for a given engine. 
The assumption that noise energy at peak thrvt 1* independent of engine 
size, which appeared reasonable in view of  ia over-all noise data, is 
strongly emphasized by the SIL data. In general, then, it may be seen that 
to minimise noise level for a given pulse Jet thrust output in pounds, the 
pulsejet should be made as large as possible and should be operated at 
part throttle. 

3.4.3.3 Effects of Multiple Operation 

The most applicable data available for prediction of multiple 
pulseJet noise effects are in Reference 3 and in Section 3*3 of this 
report. In each ease, a reduction of about 5 db in over-all noise level 
Is shown for out-of-phase operation of dual engines. The high frequency 
portion of the spectrum is represented by the SIL, which appears to increase 
approximately- 3 db (as would be expected for a case with double the sound 
energy). An acoustic shroud was tested In connection with the dual engine 
testa of Section 3*3 with mixed results. A reduction of 6-8 db In SIL was 
obtained, but was accompanied by an increase In over-all level to a value 
comparable to two engines operating in-phase. It is felt that this first 
attempt at noise shrouding happened to cause an unfortunate resonant con- 
dition and that a shroud can be designed which will give high frequency 
attenuation without interfering with the out-of-phase reduction of over- 
all noise level. However, the triple requirements of low frequency attenu- 
ation, high frequency attenuation, and unaffected thrust will males the de- 
velopment of a suitable shroud a very difficult problem. 

3.4.3.4 Attenuation of Noise With Distance 

Application of noise data to helicopter studies requires a 
reasonable basis for deteralning the decrease in sound energy as a function 
of distance from the source. Lacking other Information, the usual assump- 
tion is the Inverse square law. However, data from Reference 2 on the 6.75" 
and 9.4" engines gives a mor* reasonable basis for this computation for dis- 
tances out to 50 feet. Figure 13 shows the behavior with distance on the 
90° azimuth for both the 6.75" and 9.4" engines. A line showing Inverse 
square decrease is also given for comparison. It is clear that at close range 
the decrease in the sound level is not so rapid as inverse square. This 
fact is the more surprising for such high sound levels where, for a simple 
source, the decrease is usually more rapid than inverse square. The 
observed effect is probably due to the fact that the pulsejet engine is 
neither a small nor a simple source. At low frequencies the resonant tube 
behavior presents a dipole source, whereas at high frequencies the noise is 
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generated in a generally divergent conical region of reacting and highly 
turbulent gaaes. It is highly possible that for small distances from the 
pulsejet, the attenuation would be better correlated against distance 
expressed in te^me of a characteristic engine dimension rather than in feet. 
This possibility is supported by the over-all noise level data of Figure 13, 
which shows a smaller attenuation rate for the larger engine; bub it is 
denied by the SIL data, which shows identical attenuation for the two engines. 
Furthermore, the higher frequencies composing the SIL are largely generated 
in the distributed turbulence of the exhaust Jet and therefore should be more 
affected by scale effects than the discrete resonant frequencies which deter- 
mine the over-all noise level and which would be expected to emanate directly 
from the engine exhaust nozzle. Unfortunately, this question was raised too 
late in the program to permit the necessary data to be taken so no final con- 
clusion is possible at present. If attenuation with distance is a strong 
function of engine size, the 3 foot location chosen for the preceding noise 
vs. size correlation may be responsible for the remarkable indication reached 
during that study. It is not seriously believed that the attenuation rates 
beyond 3 feet are so strongly affected by engine size as to render invalid 
all correlations based on 3 foot data — nevertheless, this possibility must 
be considered in any fixture application of the data from the present report. 

In tk« absence of more complete data, the solid curves of Figure 
13 are recommended for use in extrapolating pulse jet noise data to 50 feet. 
Beyond 50 feet, the slope of the data is such as to indicate the valid appli- 
cation of conventional "square-law1* and atmospheric damping attenuation 
factors. 

3»4»3.5 Predicted Pulsejet Noise Levels 

The following table presents the expected noise performance of 
pulsejet engines based on presently available data: 

Over-all Noise 
Configuration Level db 

Speech Interference 
Level db  

Single engine (to 500 lb. thrust) 145 
Unshrouded dual engine (to 1000 lb.thrust) 140 
Shrouded dual engine (to 1000 lb. thrust)   140 

130 
133 
127 

Notest   1. Each subsequent doubling of engine number will result in 
addition of 3 db to over-all and SIL values. 

2. These data for position 3 feet from engine eenterline on a 
perpendicular midway along the engine length. 

3. For noise attenuation with distance, see Figure 13. 

4. For variation of noise with azimuth position, see 
Reference 2. 
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4.0  CONCLUSIONS 

A. Noise spectra have been measured for engines ranging In size from 
5« diameter to 12.5" diameter. It is found that size is not the controlling 
factor in noise output. 

B. Each engine has been studied for the influence of rate of fuel flow 
on noise output. It is found that for very low rates of fuel flow, the high 
frequency portion of the spectrum is comparatively reduced. 

C. Operating frequency has also been studied as a function of rate of 
fuel flow. It is found that in general the fundamental frequency decreases 
as the fuel flow is Increased. 

D. The influence of tube geometry is indicated by the fact that, for 
a given rate of fuel flow and chamber diameter, the high frequency noise is 
decreased and the thrust is increased if a longer tailpipe with larger dia- 
meter is used. 

E. There is an indication that a primary factor in determining high 
frequency noise spectrum is the exit velocity of the gases. 

F,. Continuing the development of twin engines in parallel configuration, 
it is found that an acoustically treated cowl surrounding the tailpipes pro- 
duces a useful amount of high frequency noise reduction. Unfortunately, the 
advantage of low frequency noise cancellation is largely lost in the present 
configuration. The effect on thrust is not indicated because the cowl was 
hand-held. 

G. The noise reduction for the twin engine opposed configuration with 
an acoustically-lined tailpipe duct could not be evaluated because the lining 
material was blown out Immediately upon starting. 

H. A built-in acoustical filter reduced the high frequency noise with 
severe loss of thrust. 

I. Two types of serrated edges at the tailpipe exhaust proved in- 
effective. 

MANHATTAN       HACK,     CAIIPOINIA C O IT A      MltA,     CAlirOINIA Ml» A.     ARIZONA 
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EFFECT OF THRUST LEVEL ON PULSEJET NOISE 
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PULSEJgf NOISE ATTENUATION WITH DISTANCE 
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