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8.8 L NTRODUCDION :
o
This report dsssribes »2ex accomplished on ftexm ,g
1+5 of Exhibit A, Supplementary Agreem at No. % of Contract :
AF33 {€00)-5860 during the month of Jamusry, 1954, §
This 13 ths fourth repori {o be suvbwmitted desaridb- %
ing the development of HNoise Contrsl Moasures for Pulse-Jet g
engines, The report &s suppitted by the American Helicupter ;
Co., lnc., describing the stpny rrogram being cenducled by 5
Faul &, Venvklasen, Gonsultant in Acoustics, 2
N
: The work was carried cut and is reported by g
Paul S, Veneklasen, and staff members 5. ¥, Brockett g
M. O, Herwlck. f
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1 enclosurshas been constructed,
te permit the testing of Pulsa-~Jat
‘ferze teo the neighboring community.

= withsut unduse

%01 OBJECTIVES:

Certain unusual requirements 1limit the possible
extensivensas and el fectlivensss of the noize control
paffles »

A, The Pulse-Jet enpline is highly dependent
for its cperation upon acoustical resonence phenomenas
thepefore it La of sxtreme importance that the Fulse-

Jat nnging should not be surrounded with & athrocturve
wihich can in any way influence ine performance ef the
sngine by aiterding its acoustical envivronmeny, It

would be sitogetner too sasy to set up & walled stracture
in which **andine waves, i.e,, acoustieal vrssonant modes .
acting bstween the walls, could so alter the acoustical
condition et either the exhaust or intake ihdt enzlne
overation would be profoundly influenced. Serious
attention was givern tc this factor in the dssign..

B, For must of the test work 4t is essential
that one or mcre technleians be in the immediate vieinity
gf the engline to make adjustment or facilitate starting. -
To encliose the engine in'a structure considerably in- '
creases the hazard to such pérsonnel. Therefore, it was
essential that easy escape be provided in the event of
malfunction or fire., It seemed possible that proper
design of the enclesure could actually improve the
54£e*y condition for overators.

¢, 1n the event of starting failure, flash
fires of controlled proportions are qu*te frequent.
The strocture must bs Q@Sl”ﬂ@ﬂ SO asg nof to enclose
S‘JC 9- J..trea <

n, It was desi?ed to spend Just as little
.1.‘3. ~on the sfrvetars,

Thece conaitions conspire to very greatly
1imit the amount of attentation which can be provided
by the enclosure ¥evertheless, it was believed that
sven the small amount of attrﬁaat¥on whizh counid b
expected woald grestly slleviate the neignberhogd

wriisance problem and would also dscrease the Lo
uiscomfort which has been experienced by operating

personfiel.
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3,2 DPESIGN OF THE STRUCTURE:

A plan

an g of the noise contrel installaticn
is shown in Fig

wing
and an ¢verall photograch of the
area is shown in 3 2. it is clear that the
facility s Jittle than 2 bvafflie arrangement,

The acoustlically treatod panelr are positioned around
the ergine stand in such a way that (1) there are many
readily available passages for the escayps of the orerat-
ing personnel; (2} these same passages pe rmlt easy
infiow of air Irom all sides te the engine: (3) since
there is no roof, flash Tires are not enitrarped; (W)

the pansls ares $0 orlented with respect to the test
stand that the malor reglons of high noise level cannot
ne directly viewed through the escape openings, In
other words, the intzat i3 to p“ovide mazimum exposure
of absorbing surfaces to iptense sound enerzy before
such enerpgy eacapes to the outbide cf the structure;
(5) in 23ditlon %o the cpen top, the other major open-
ing, which is required for the exhaust of hot gases,

was made as narrow a3 was considered practical,

*
wnl
G g

The sound-absorbing haffles are constructed
ag-shown in Fig, 3 3o The vaffles are made from
gstandard sheets of Rix 8°' plywood, 3/4°% thick, Frames
are of standerd 2'x 4! stock,  The acoustical material
1g Owens ~C0rning PF_uCQ Fiberglas board material, By . 1
".;h.x(.&a Thls malerial 1s fastened tu bthe 2%x ‘*i" ”"&.ﬁw*
work in such & manner that the 3 5/3% space prov;des
a cavity between the Fiberglas hcard and the plywsod,
Thig tvpe of structurs provides a large amount of
sound absorption for {requencies above about 250 cpse.
Tre Fiberglad vesrd is covered only with & light
bronze sereen for protection against sculfing.

(6) The baffles are incliined toward one ancther to

carefully avoid any surlaﬁew wiitich approsch rarallellsm,
This facter is sghowa in the plan wte*, put it was also
accentusted by tilting the .tops of ‘the panels somawnat
inward. ‘

1.3 agmmmgmc;g « Mechanical

a7 These noise contrul panels MHJah ars the
essential part of the noige control eazyisssrs are
suvjectsd t¢ large ogcl 14atorv Tressures reprezented
by the };gh sound lewels which are produced hy Pulsa-
Jet engines, Under such exposure the panels undergo
considerablv vibrution, which is readily tolerdated
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and absorbed by 2 wooden structure, Mo mechanical
failure has heen guffered by the wosdwork as a result

of this vibration, The Fiberglas board iz similariy
axposad with variable experiesnce: 1. 1In regions whers
flach fires have orcurred Zhe Filberglas board hag besn
scorched to varying degrees, When this scorching occurs,
the phenolic binder is gasified, leaving the Fiderglas
tlanket without adegquete binder whersvpon the glasg wool
eradually erodes away. In the course of about twenty
nours of operation, which has included several flash
{fires, one region of sbout 6% sqguare has been completely
sroded sway, Hence, it is apparent that, in the region
oppnsite and abowe the tallplpes, frequent replacement

o the Flrerzias surface may be reguired, depending upor
thie stariing expsriencs which cccurs during a given group
of experiments,

As far as personnel safety 1s concerned; i%
has become apparent that, 1f anvthing, the noilse conirol
facility improves the assurance of operators in the
lmmediate area, because the escape Opanings are very
near by awi, once through the opening, & considerable
nmoasure of protection i3 furnished Ly the panels,

o4  PERFORMANCE - Acoustical

£ the befflsg wes svalusted
e

n

The perfurmance of ths baffles was
evalusted near the lozation of the nearest |
aeighbers to the American Helieonter plant.
Iocation Mo, 1 was outside the service entrance
to a naighboring ceramic plant at a 4distancs
of 1G5 yards, 1In svaluating the importance of
any paise souree, consideration sihould be given
to tre nolse levels which otherwise prevaill -
in the naishkborhood, "Fig, 3.4 shows the
Tariouy nolise spectrs wihdich were ueasured st
Imeation Fo. L. The lowesf sgpectrum on the -
char i repreoents whe winlmum background nelise
producsd by more oy tess steady Jdistant souress,
Due of ihe wmaat typical of guperally tolsrated
dleturbances in the arss resuits from the take-
of'? of the alrplanes from an sirpert which
1s approximetely wila distant, The
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regulting spectrum 18 shown in Fig, 3.4, U.i=
figura alsn shoews the noise specirum resuliing
frow operation ¢f a 6.75% Pulse-Jet sngine
am»rac ag outside the noise  BEIFIGR, Ihe

sdueilon in noiss is shown when the same
auginu is operated inside the bvalilss, The

rzidval noise level can be compared with
tnuu ¢r Lhe Jet airplane,

Residual nolze should alse be oo

prared wiith two other crileria shich are shown
iIn Flg, 3.5. The nolse eriteria cthown 1n
Fig. 3.9 have been conpllad from conaLda?aclé

avalliable material awi represent a sumaary of
many anthoritative sources It should he noted
that such aclse critsria nave not in any sense
reached the stage of official recvngnition and
there is cou\idnvable varlation among suthorities.
It 1s helieved that those shown in Flg. 3.5.
which are used Ly thls “avovatory, represant

a reaszonabls compronise, If & noise spec?rnm
falls below the nolge nhiSunue eriteria, it
sheuld not be exgected that reascnable complaint
would be justificd in an inaustrial area during
saviime operaticn. L% wiii ve noted thai Lhe
residusl spsetrum in Location No, 1 1e stlll
-somewhat above the nuilsance . centour gp&g;gg &hﬁ&

grap,\_;,_" 2:\&-—%“ it 1&g not Koovwr wiiia v Lhg Levedds
are inside the plant, cr how they compare with
the plant's own internal noises,

: The hesring Camage risk zriterion

is presently the subject ol much lnvestigation
by the American Standards soociution, The
tentative criterion whioh ua been In use by
this laborstory lies 1n the lower rsnge of the
various criteria which zre oeing conaidered
for standardligation., T f¢ clsar that the
nnise levels produced by Pulzs<Jet testing in
weation do, 1 are weil halow *“e levelis which
srs likelv tn causc any hearin dawﬁbV angd
theprs{ore any ﬁumppx:aL‘a @

}.—w -
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mast prominent noise nuisance in Locatlon No, 2
results from large gravel trucks p&nsing along
tne nearby highway, for which Fig. 2.6 sutows

the resulting noise spectra. The nolse resulit-
ing from testing a 6.79%" Pulse-Jet engine inslde
the baffles 1z shown for comparison. In this
location the residual nolss 1s well below both
criteria, The effectiveness of the facility
irn this location is also chown by Filg. 3.6,

It should be noted that this iocation i3 the
nearest lnhabited one in the gereral dlrsciion
of the Pulse~Jet Gthuat, which is toward ithe
couthwest, Binece the structure i3 opan, it
would Le expected that the effactiveness is
minimum in this direction.

Tocation No. 3 i3 in & resideniial
area about 1 1/2 miles to the scuthwest o1 the
test stand, In Flg, 3.7 the lowest curve gives
¢ minimum general background lavel., AT & dis.
tance about iwo blocks from the aicrorhone,

bulldezers were at work in an zarth-moving projest,

The noise level resulting from their activiiy is
shown. A commercial alrliner flying at abn“-
~1500' overhead also presen*s 8 Mypical noi
spectrum, rulse~Jel sngines cpevadting in h
noisze controel baflles coulld not svaen be heard
at this location and the specirum ghown {or a
675" engine cubstde tHe “LaAfTes Lo handivw
significantly evident above the geaperal e
ground level,

3.4,2 Noise Reduction in the lwmedisge Vioimihty
of the Test Stands:

Before the nbtallatLun ol the nolae
control . baffles the testing of Pulse-let
engines was a rather trying audliory exgeriencs.
Even when using ear plugs or be&ﬁpﬁo“" *usvi‘n«
the protesction 1s not adeguate at lTow fregusne ;&
and a day of steady t@sting Leavas nre ‘u‘t
ezhausted, Furauerﬂcr@, the proximity of i
test atand to ths plant at Manhattan Beach
such that conversation was impossibls in
of tho plent during testing pericis,
the need for nol sontrol was atworOTV
within the ¥familv. ¥ The pew installiatioc
50 arrangsd thai cepsiderable rellef is
for alil operating psrsomol, ?x:i;* e
crne mon who handles the asir-starting hose,
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zf the operation. A

#or the measurement of loeal pe"fo“m-
ence, points were laid cvt, as shown in ™g.3.8,
buth in and cutside the faﬂility in such a
wanner that the results could be compared with

rlisr tests (Repert No, 163-K-1) on an
{ exposad engire., Figs, 3.9 through 3,16 show
the dagres of lmprovement which hag deen
achievad at varlecus locations in the iamsdlate
vﬁc‘“i*v of the inatallatAQn, Flg. 3.10 shows

niearly that considerabie reductior is furnished,

uven in the directlion of the opening in the
balfias throusnh which ths exhaust gasss pass,
This is not altogether surprising when one
reallzes that a rather significant portion of
the sound ensrgy vadiated in en approximately
spherical direction {rom the tallpipe 15 inter~
sacted by the baffles.

It i1s tyrical ¢f open-topped enclosuras

that greater protection is furnizhad near the

. enclosure than at ¢ considerable distanca,
%i} : Compariscn o Figs. 3.9 threugh 3,16 with the
data for more distant locaticns thoroughly
indicates this fact. PFig. 2.15 is of spselal
interast, since it shows the effect of the
ghadcw Drodusgd by & sound-absorbent baffle,
Position Nc., 8§ is just inside the structure,
l.e¢., 1% views the engine, while Position No. ?o
2o only a Tost away, bul 1s in the: shadow of &
baffle., The reduction of high rrequsncy noise
is qﬁit: au‘pa;r.ilt, or SOUrsSe, Position No. 9y
which 1s a8t the same distance from the engine
but complstely shad ﬁé thersirom shows very
much higher dsgres of attsnuation,

W et 7

It 135 of particular intersst to point
cub in connection with all these apsatra which
show a very useful amount of high fragquency
noise reduction that the overall lavel is
relatively 1 ie affected, Indeed, that the
ovarall Lﬁve? js reduced to some- ez%ent bears
witness that ths abscrption ¢f the panels is

active Al a lower frsctnnnv than nhad besn
axpa, ted, pluz the fact that for the partisular
gngine uvnder test, the fundamsﬁtal frequeticy
of approximately 150 cps is fairly hish,
e It will be fcund that considovably
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1238 change 1in overall level will be furnished
Tor largsr enginas. Kevertheless, the effective-
28z of thls very simple and inexpensive noiss
control facility Iz admirably evident without

the use ¢f instrumentaticn and is due 2o the
cnnsiderable reduction in high freguency poisc
isvel, Partlicular attention is called to Fix.
3.16y which shows the residual nolss spzctra
inside and Just cutside the control roocm,
tegether with a spectrum for the yard avea just
cutside the plant about 75 feet from the ;
Iastallation, These spectra should be ccmparsed
with the hearing damage risk criterion, It is
avident that the levels in the immediate vicinlty
of the lnstallatien, including the contrel room,
have not heen reduced guite to the safe laval
for contlnucug exposure to high level nolse.
Therefore, it 1s recommended that when anarators i
are sxpecting to be invelved in Pulse~Jat test-~ :
ing for several days continucusly they should be
instructed to use aural proteciion davines,

such as the MSA Ear Dsfender, or simply & pailr
of hesdphones. For short operations ol & Tevw
hours, or with several days intervening between
tests, it is probable that the residuval lewvels
will cause only temporary impalrment for

avgrags “ears, ALl opefatorsTehcnld Lha-consciony
of their aural condition after testing and jet
their feelings be their guide, 1%t is also

elear that in the plant arese the noise Jevala
have been reduced sufiiclently to remove

concern for aural damage.,
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A, Iow-cost noize control onvlosare has heen
constreeteld vhich surrounds ths Pulse-Jet
gtatyic tast stang,

(54
»

The encliozures consists of an arrangemont of
spaced and si2gpered panels constructed of
2/u" plywood, 2% x 4% gstock and Owens-Corning
s)r\ SC 9 d}\pgjg}_gasﬁ

i~
b

-aunu»abscrbing pencis have proved tc bhe

. of withetanding the vibration resulii ing

o ﬂjgh gound pressure levels. Oceasional
incement of Fibverglag in one ssctlon will

“req gulred, Zapeuding upon the freguency of

s shirss with engine starting,
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eanclosure nag produced no perceptiblis
rat.cn in angine performance.

E. Ths neise levels in the adioining shop ar
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