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masm 

Tht purpet« of thii tttt waa tvo fold. An aoou»tic tTalnatioii 

tf a wattr-eeoltd flaa« bvektt was d«sirtd 10 that both Hour and 

far field aoiat raduetioa affo«ta aould ba datarainad. An affert 

«aa aada ta aianlata watar flaw aandltlona that would result fro« 

Crawitjr flaw fraa a larga raaarrair awar a aat of fonr waira» 

Taat raaalta ara praaantad in graphioal font far aioraphonaa 

laaatad in both naar and far fiald laaatlana« Analysis of tha 

data indieatas an aptiaua watar flaw rata to axiat for warions la- - 

aatiana in tha aeonatia fiald* An attaapt ia aada to axplain tha 

fhaaaaaoan in taraa of thaoratieal ralatianahipa and propartiaa 

af tha fluid flaw. Snggaatiana ara aada for fnrthar analjsia af 

thaaa taat raanltv aa wall aa futnra atudiaa. Sawaral aodifAoatiana 

ara prapaaad for tha praaant taat aquipaant« 
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smoumr 

"^A ••rl«ft «f •aall-soaU sodol rook«t tttit was o«rfor»«d to 

•▼»loAio tht aoonatloAl ptrfonuao« of wat«r-etol«d *!*■• buekttc, 

Dotft oolltotod fro« thoa« ttoti Indicattd tht ehaagt In IOUD^ 

yroaiarc Itrtl is a funotion of wotti flow-r«to ratio* for looationa 

in koth ibo aoar aad far fitld. Th* vator flow-rat« ratio ia 

dofinod aai wator flow rato/propollaat flow rato. Rodaotiona of 

op to 12 db iv tbo ooiao loyol woro oboorrod is tho 1800-2400 opa 

band for oonditiona in tbo fur fiold witb a wator flow-rait ratio 

of 3.S3/1, Tbio octaw« band oonworta to a Stronbal anabor of 0.046, 

wbiob lioo within ib« poak of goaoraliaod data fro« prowionaly 

rtportoi tooto. Tho Stronbal anabor • f   | , wboro f ia tbo 

aoan gooaotrie froqaoaoy of a part>iniar oottwo band, d ia tho 

roekot oxit diaaotor ia foot» and U tho rookot oxhauat aoaa wolooity 

ia foot/aoooad. 

. 
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INTBODUCTIOX 

Tb« propoaod ««rite of larg« boo«t«r reck«ti now und«r O»D- 

tlfUration for »pact ozplaratloo prosouti sorloui probloat for tho 

•tatle tooting of rookot onginoo.  Tho difficulty of trootporting 

thoot lorgo onginoo froa tho plaoo of Bonnfoetur« will roqulro that 
it 

•tntio toot oitoo bo built elooo to largo oontoro of population* 

Tho aoonotie onvironaent of «uch a oitnatian would be intolorablo 

if «oaouroo woro not takon to modify  tho tout ait««  Thooo aodi- 

fieatioaa ohould rooult in a ohanga in dirootirity of tho »oouotio 

fiold and a roduotion in tho aeouotio powor at tho eouroo. 

Tho prooont toat wao intondod to bo oxploratory in naturo and 

to indieato whothor tho diroot injootion of wator into a flaao 

buekot would bo an offioiont and practical aoant of noioo roduotion. 
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fh%  ■•d«l ronk«t tngia«! tt»«d ia this ittt bad an azit diaaatar 

af 1.8 Inchaa* Tha waight flaw af prafallaati par aafiaa was 0.76 

paanda par taaandf and tha jai airaaa ^owar wai approziaatalj 

3.4 x  10 waits (Rafareaea l). Twa aagiaa oparatian wa» atad at all 

tisai dtiriag tha tatt. 

Tha flaaa buakat wai dttlgaad and dawalaptd by tha Thoraad/itavi^a 

Laharat«ry af Gaatral Djaawiet/Conwair (Rafartnaa 2)« A ikatah af 

the flaaa haakat ia ahowa la Flgora 1. Tha watar injtotion s/ttaa 

wat datigaad ta siBalatt grarity flaw «war a aat of four woiro, 

Flgnra S ohowi an awarall wiaw af tha toot aita daring a typioal run« 

Tha aiarophoaoo woro ooworod with thin plaatla baga ta protoot thoa 

againat watar daaago whoa not aaad for data taking.  Thie phato 

ahawa tha laeatian af aiaraphaaa aaabor S and will oarra to ahaw tha 

alattar of hard oarfaaa raflaatoro that oavtaad tha oaattoring of 

data far thio aioraphana laoatiaa* ▲ la^ga aotal box waa ooaatraatad 

ta aot aa a watar raoarroir, and tha watar flaw rata wao than wariad 

by ahanging tha viatic hoad abowo tho woir« Figaro 3 ohowo a toot 

onginoor propariag to enlibrata tha water flow rate. V&tor flow-rate 

ratiea of 1.0§ 1.6, 8.0, 5.0, S.33, 6.0, and 6.0 were tooted a« 

well ao tha dry tonditioa. Free field uoaenroaonto were aleo takaa 

ta find the effeoto of the flare baoket on both the noar and far 

field attanaation. 
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ACOUSTIC MIUSimiliKWTS 

A block dlagran of tht aooustieal ln«trunent*tion is ahovB in 

Figur« 4a« A ikateh of tbo aiorophono looatlona appoart a« Figur« 5* 

A photograph of tho tost oquipusnt installation appoars as Figur« 6« 

A basio uierophone, pro-auplifior and power supply is ropoatod for 

oaeh ohauttoK Tho Altoo ooBd«ns«r uiorophonoo voro laboratory cai- 

ibratod pri«r to tho toot using a Wostorn Bloetrio 640 AA Biorophon« 

as a roforonoo standard.  Tho Oonoral Radio portable oalibrator was 

usod both boforo and aftor oaoh dmy of tooting in tho fiold. 

Ths taps r«oord«r output was fod through tho analysis sy^toa 

shown in Figur« 4b.  Bl«otronio oalibration signals plaeod onto tho 

tapo at tho tiao of data rooording war« fod through tho aaalyoio 

ays to« and usod as roforonoo lowols. All «aund prooouro 1OTO1S# 

(SPL's) ar« woll within ths linear rango of tho viorophonos«  Tho 

Aapsx aodol 001-2 tapo rooordor is a two-ehannol ■aehino«  Booauso 

run tiaos woro liaitod to 10 to 15 second«, tho tost oonditlon« had 

to bo ropoatod thro« tiis«s to gathor data fro« all ■iorophonoa* 

Initial tosts showod tho data to bo ropoatablo to within £ 1 db oo 

this aothod of data oollootion io boliewod to yiold oonsistont 

rosults« 

♦  Sound prossuro lowol (SPL) in decibel« is oqual to 20 lo| 

whoro P is ths ms sound prossuro being soasurod and p   ^* 

is tho roforonoo prossuro of 0,0002 dyn»/oB • 

i 
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♦ 
▼itual obitrratioo of tht wtttr tpray patttrc whtn tht fl*»t 

buoktt vao in operation indlcattd that it would not bt poaaiblt 

to placo tho ■Icrophooei in all neet^tary locations tt probo tht 

aoouatie fitld and dttomioo tht atemtio povtr.  Uiorophoot nuabtr 1 

«tt atTtd tt to alttrnatt Itoatloo during thit atrltt tf firingt tt 

prtTont nay ptioibility of daaagt fro» wattr blaoi.  Fignrto 7 and 8 

wtrt taktn in ttqntntt during tht tptratitn of tht flaat bucket, 

Fignrt 7 wat takoo Jntt btftrt tho gatoa wtrt pulled with thi flaat 

buok.ot oporatiog dry«  ^ovparo tht rtlatiTtly ttablt tnrfatt of tht 

wator rottrrolr in thit figure with tht highly turbulent tnrfaot at 

shown in Figure 8 afttr tht gatts wtrt pulled.  It apptara that tht 

wattr and rocket ozhaust wtrt nixing in tht arta of tht weir.  Thit 

■ixing prtotss is rathtr unsteady and night atoount for tht turbulence 

Apparently tht high wtlotity efflux fron tht flane buoktt oauatd 

wattr tt bt atpirattd frtn tht wattr rtttrwoir. 

Analytit tf tht data fron nierophont nnnbtr 5 showsd a con- 

siderable amount of ttatttr«  This niorophons was then testsd and 

fo^ad tt bs in good working order.  This soatttr is bsliswsd to bs 

a rttult tf pttr field tonditiont sinos thtrt wtrt nany poasiblo 

attuttit rtfltttort locattd ntar tht nicrophontt as prtwitutly 

■tntiontd« Uicrtphont nunbtr 3 was kept as a spars9 and ths data 

will nst bs prtttnttd in this report. 

Although no direct eonpariaona of total powtr rtduotiont art 

ptttiblt« the pretent rtiults should giws indioAtitnt of tht ps- 

tentltlr, off«  d by dirtot wattr injtetlon into tht flant buoktt. 

I  • 
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A rtctnt p*p«r by Colt, Ingland and Powell (R«f«r«nct 5) 

diteusiti iho tff«et of Tarlaui «xhaaot blaii dtfloctor« on tho 

aocuttie eharaettriitioi of a •»all rocktt tngint«  Thty •batrrtd »^ 

tbat although tht «•• of flaao dofloetora loworod tho aeouotio powor 

in tho far flold, highor sound prooonro IOTOIS woro ohoonrod in tho 

noar fiold olooo to tho roekot* Thio would bo oxplainod by a ehnngo 

in loeatioa of tho offoetiTo oound oouroo and fiio now aeonotie fiold 

eauood by tho altorod flow pattorn. 

figuro 9 haa boon takon froa Roloroneo 3 and la includod to 

indieato tho oxpootod roduotion in acoustic powor through tho uoo 

of thio typo of flaao doflootor. A ooapariaob of roonlto for both 

froo-fitld and dry flaao buckot eonfigurationo ia shown in Fignro 10* 

Microphono nuabor 2 io woll within tho noar fiold of tho roekot 

ongino and ohowa tho aarkod dopondonoo of SPL on diatanoo in that 

rogiao. All of tho opoctra prooontod in thia figuro display a 

aarkod poak in tho 1200-1400 ops band« Thia ia in good agrooacnt 

with tho gonorallsod d. ta prooontod in Roforonoo 4 wh»n tho froquonoy 

is proaontod in non-diaonsioaal fora as a Strouhal nuabor. Tht Strouhal 

nuabor • f  d  fr whoro f ia tho aoan gooaotrio froquonoy of 

a particular octavo band9 d ia tho roekot oxit diaaotor in foot» and 

U tho roekot ozhauat aoan Tolooity in foot/sooond» 

Figures 11 to 16 present octavo band SPL*e for all field lo« 

eationa where good data was obtained.  Figure 11a ahowe that rt- 

duotiena in the order of 12 db in the noar field are poeaiblo with 

a water flow->rato ratio of only 2,0/1.  It io intereeting to note 

that inoreaaing tho water flow-rate ratio to 6.5/1 did not yield 

any further noiao reductions in this ootawe band. A aiailar trend 

io oeen for aiorophone nuabor 5 (radial distanee 40 feet) although 
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**• •ptiBu» wattr fl«w-rfttt ratio ftr this •otav* band hsi thifttd 

U  5.58/1 (St« Figur« 14b).  Not* that for oonditiona in tho for fitld, 

at loootf inoroooing tho wotor flow poot tho optiaoa oondition rotnltod 

in an i .eroooo io SPL.  Thio cffoot voo nor« ootioooblo in tho 1200* 

8400 opo bond whoro pookiag in tho data «ao oboorrod boforo.  Thio 

oaao iafomation io prooontod in anothor for» ia Figaro 16 to 20 

whoro SPL'o fro« warioao aicropheno locationo aro plottod ao a 

faaetion of wator flow-rato ratio. Both oborall and octaro band 

data aro prooontod. 

A  oorioo of olooo*ap photograpbo of flaao bucket porforaanoo 

wao takon daring tho toot and aro prooontod in Figuroo 21 through 

14«  Thooo photograpbo ohow dry oporotion and wator flowo of 1.0/lv 

2.0/l and t.0/le ro poetiwol^.  Thooo yoae olooo»np ooonco nay bo 

•000 in a ohort fila aooi of thooo tooto (Eoforooeo 8). w 

Fignrt 88 will OO?TO ao tho firot of a oot of 5 ouwaary ploto. 

Oworall aomad prooonro lowolo aro plottfd ao a funetior. of wator 

flow-rato ratio fcr aiBrophonoo 1, 8» 4 and 8.  Thio figuro thowo 

that difforont wator flow ratoo will prowo optiana for T.iriouo    ^ 

diotancoo nndor eoneidor«tion.  Thio oaao Infonoation io prooontod 

in Figaro 86 plottod ao a funovion of radial diotanoo froa tho flaao 

hookot. Noto that donbling tho diotanco froa tho aierophono rooultod 

ia a 6 db drop of ooaad prooouro lorol.  Thio would bo indicotiro of 

far fiold loeationo.  Mierophono naabor 2 (at a diotanco of 6 foot 

fro« tho flaao bnekot oxhanot) and aierophono naabor 8 (at a dintanoo 

of 40 foot) woro located on tho eaao ray froa tho flaao backet. 

llie*-ophono naabor 4'wao loeatod well below ito ideal location (if it 

wore to bo on thio oaae ray) and the dota refieoto the aon-anifom 

aooaotie field. 

Figaro 27 ohowo the oeund prooouro lorol rolatiTO to dry operation 

for a naabor of difforont wator flowo.  Thio inforaatlen io prooontod 
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At a function of tht dlBeotlonloia froqutaoj p»ra»«t«ri (Strcuhal 

auabtr).  Data fro« largo rockot onginoi (Roforonco 4) thow a ptak 

la tht iound prttsnrt ItTtl tpoctru« for Stroohal nuabtrt tf 0.02 

to 0.04.  Pigurt 27 indleattt a rtdaotitn tf approslaattlj 10 db 

in tht aoitt ItTtl for thit rangt of frtqutnoitt« 

Tbd basic thttry of Lighthill (Rtftrtnott 6 and 7) prtdieta tht 

tonnd povor of tarbultnt jtto to Tory at 

&c7 

9. • «tan dtntity of tho Jot 

Q ■ «tan dtnaitj of frtt ttrtaa 

d ■ dl&Mtt«r of tht noitlt 

\J ■ «tan Ttl^eity of tho jot 

C0« aoan tpiti  tf tonad in tho froo ttrtaa 

Thit thoorttioal rttult dott ntt aooount for high tpttd fltwt vhtrt 

tht tnrbultnt Jtt bootatt tuptnonit« 

Data prtttnttd by Powoll (Roforonco 8) indieatot that tht 

ozptntnt tf Ttlooity it roducod froa a Taluo of 8 for low opoodt 

flow to a walno of 5 for leaportonio tpttdt.  Tht prtttnrt aaplitudt 

in tht ntar fitld tf rocket txha«Sflt btooaot great enough to oantt 

non-linoar offoett thoroby invalidating tho elattical aooutti« thtory« 

Bzporinetntal data indioattt that tht efficiency of noitt pro- 

duction of a turbulent jot Tariet at tht fifth powor of tho jot Wach 

nuabortU/cf  However, thit rtlation could not bt txptottd tt htld 

for largt eealt rocket onglntt, for at a Maoh nnabtr of tiz, all of 

tho kinotie onorgy of tho jot would bo converted into aoouttio energy. 
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fh*  4atA iadlcattt that this tffieitney «pproaehos a Taint of 1%  of 

th« Bookaaioal powar of tbo jot for largo oagiaoo« A ooaploto tho- 

orttioal oiplaaation of thooo oapirioal oboorTatlono ii not aTailablo 

at thia tin«. HowoTor9 it Bight ho povoihlo to aako uoToral oboor- 

Tati^oa about tho oxporiaont boing roportod upon in thio report. 

Tho rodnotion in noioo IOTOI dno to diroot Injection of wator 

into tho flan« bucket naj bo ozaainod in relation to change« in tho 

proportioo of tho flow« A t Amfer of thomal enorgy botwoon tho 

oihanot gaooo and tho wator otroaa oanooo «tea« to bo genoratod with 

tho r-ooultant lowering of tho gao tonporaturo and change in donoitjr 

of tho oxhauot atroan«  Turbulent nixing will oocnr botwoon tho gaa 

otroaa and tho wator which in turn lowora tho Jen Tolooitj conoidorabljr. 

Tho flaao bocket act« ao a diffnaor whloh in turn loworo tho exit 

Telocity of the «tveas. EowoTorf thio tend« to inoroaoo tho offootiTO 

oxit aroa of tho jot otroaa. 

There also io tho poooibility of a opootral change in th« rocket 

noioo aa a fnnotion of wator flow.  Thio would arise froa tho change 

in offootiTO jot Telocity and ita offoot on tho noioo gonorating 

■eehanion.  Prowiouo oxporinonto (Reference 9) indioato tho opoetra 

to bo flatter for lower «peed«.  Oetaw« band data presented in thio 

report io not adequate to detomine whether such a ohango took plaeo. 

Additional narrow-baod data rodnotion would bo required to detomine 

tho p<ak froquoney proeent in the oound opeotrua. 

Density and toaporaturo offooto on the offieionoy of jot noioo 

production are otill in queotion.  Reforonooo 7, 99 and 11 indioato 

that thooo offooto are oaall when eoaparod to the turbulent preoour« 

fluetuationo of tho jot aixing procooe.  Lighthill (Reference 6) 

•hew«, hewoTort that a aaxiaua Talue of 6 db aight be expected for 

Tory hot joto.  Thio result io a theoretical one in which the effects 

of both toaporaturo and deooity Tariation are related to the 
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adlabfttie prttiurt ehangt.  Tht hot £*■ ttaporotar« is rtflaetod ia 

ft looftl aeon Tolooity of oouad« Thlo inoroaood noloo ohnwld occur 

In tho highor octort bondi. Lighthill notoo thot the eosbaotion 

prooooo itoolf ihould not bo ovorlookod oo o contributor to tho 

totol noloo of tho rockot ongino* 

Tho roooon for on optlann wotor flov-roto rotio for for floli 

noloo rodnotlon lo not clearly undorotood at thlo tlao«  Tho uao of 

o gravity hood In tho wotor rooorrolr would indlooto that o finite 

■Izlng rate would occur between tho rockot ozbouot and tho eoollng 

wotor«  It night bo pooolblo that when tho wotor flow rote ozooodod 

thlo optlwuw woluo, tho nixing proeooo woo not ollowed to proceed 

to oonpletloa and exooioiYo turbulenoo occurred ot tho weir.  This 

turbulonoo lo on adriltlonol noloo ooureo In Itoolf.  Tho increaaod 

rooorrolr hood and water flow in tho flaw« buokot oould aet oo on 

oeouotlo reflector, thuo causing highor neor*flold oound prooouro 

lorolfl in tho highor froquoncloo and rooult In poioiblo eoabuotlon 

inotoblllty of tho rocket ongiuoo« 

Ao o final ohoek on tho flame bucket porforaoneo, tho ongineo 

were otortod while tho bucket wao eoaplotoly flooded«  Thlo woo 

done to otaulato failure of tho weir ey«teo.  Tbo buokoi cleared 

itoolf of excooo wotor, ond normal oporotlon wao then oboorwod«  There 

woro no aoouotle Beoaurowonto token, howewer, beoouoo the water oproy 

pottern wao unknown and damage to the mierophaneo wao feored if 

loft uncovered. 
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r 
cowcumiom AND BgcoionnroATioiB 

Thif t«tt va« «iploriitory in natart and was dont to dtttrain« 

vhtthar r««Httie radoeiiani in noii« l«Ttli would bo aehiowod bj 

diroot «ator injeetion with tho float buoktt.  Tho rotulto obtainod 

•how proaito for both soar and far fiold noia« rodnoticn.  Tbo floao 

bnokot porforaod woll during tho ontiro oories of toato. Tho gatoa 

oporatod oaoothly and no hot-apota woro obaorrod on tho buekat aftor 

an/ of tha taata« 

Tha axplanation of an optiaun wator flow-rato ratio for far fiold 

noiaa radnction ia not poaaibla at this tioo.  The ■ochaniaa of noiaa 

rodnatian ia aaaplax and aan only ba dancribad by aipariaontal roaulta. 

It ia raooaaondad that thaaa atudlaa ba axtanded to prowido 

additional inforaation noooaaary for eonatruotion of fnll-aoalo flaao 

buoktta.  Furthar data raduotian will ba raquirad on data takan during 

tha praaant aariaa af taata to dataraina tha axttnt of any ahift in 

noiaa apaatma at a function of watar flow-rata ratio. 

Tho wator roaarroir ahauld ba anlargad and tha weir ayataa ro- 

daaign(»d«  Tha praaant annfiguration allowa asoaaa watar to ba 

aaplrated inta tha flaae bueket during the run which oauaea tha watar 

lawel to drop in tho roaorroir.  Thia in turn eauaea a drop in water 

flow-rate ratio during the run. 

The aoouatio field ahonld be probed to dotoralne the aoouatio 

power of the rocket engine->flaao bucket oonbination. 

Additional large-acale teata are nereaaary to teat the Validity 

of Strouhal type coaling lawa for rocket noiaa.  Lighthill (Reference 7) 

obaarwod that the additional noiaa due to high tOMper.tture flow occura 

10 
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7 N®T.   IfÖl 

^ 

la th« higher fruqntneiet.  Tht pr«t«at ie»t« showtd that th« aoit« 

dut to th« turhultnt jot ooeurrtd ia th« ■»■• oetar« h«nd.  It 1« 

pofiibl« that largtr a«al« «agio«« alght ahow a broad«r band typ« «f 

noia« r«daeti«B «la«« th« fr«qa«Bei«B «f th« turbal«at flow aela« 

would appaar ia a lower ootaT« baad« 

Far fiald aoia« reduction atadio« ar« concerned with energy 

present ia th« lower oetaT« bauda (20-75, 76-150 and 150-300 op«). 

Data gathered ia this te^t indicate th« greataat potential to oeoar 

ia this rang« «f fr«qu«Bci«« for th« larg« «oals dooster rooketa 

currently being designed.  Uowerer, a word of caution is suggested 

ia uaiag a siapl« Str«ahal typ« of «ealiag law to «ztrapolat« data 

uatil furth«r investigated. ». 

11 
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FIGURE 3  Meaeurement of Reservoir Static Head 
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FIGUnE  7     Flamp   Ihickpt   Operating   Dry 
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PIGUNE 8  Flame Bucket Operating with Water Flo» 
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