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coztrollod. In roeomt yoors cophesin oo boon 1odd in nefntoine
inz cuitoblo tonporatiro ol Puidity by cireccafitioning Sho
opoed; Uning Sho vochoniecl oyston of nireconditioning.

As 40 cocoon vith al) gyoicns vharo om attooplto to
£oTOPCo nntur, oireconditioning oyotoas olso produee coptaln
unfooirailo offoets, Tho caot frpertent of Chooo 4o ¢hy noloo
gomarciod by cdreconddtiondng oyolcoo, [ofco profacoo dolotorfovns
offcato on officiomey, vith tho pooudl Shoet tho civontosos gedesd
by clreconditioning 4o offood by tho noinoo thot oo pomorciod.
Looovopg 0050 oro ueyo o2 acns by vhileh Shoco padoco oo Boph
of ropsaanido 1ovolo oo thob Shoy donot produco ory 411 offccto.

Critorio for mOAtO l0Wlo hovo boom ovalued 4 Go
Tooty Dosed o oztonplvo ofudics on mownal nmon toingo cubjoetod
Go vrricus hizh lovol moicog. Doccd on thoco ¢pitorfia €20 oo
Cooisn oo pipecanditiondng oyoten thot predecos & oot soovdé
tor R0 avan clocunotanton.

$his dipsortotion €oplo vith tho sovorol copoets of
ooring, £0ico pouvedn, 22Eco potho, nodow epitordo, vibepation
foodotion ond tho ratheds by vhich pofco combyrol 4o offooicd,

{0 o Sypiedl oneoplo cobodyins tho peineiplos
oz=mo2etsd dn o oorlior ehnptors, o peollion of moico poluabicn
in 3 ddee=conditioning oyoton oopving o £ofsly loppd oiscd libsery
bep boon discroced,
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ond dncorporniing cfaquato noino control mocoumes 4o O Dinle
plemning o3 (ooign of o ofrueturo,

Tha contpol of poundy o palno, &n bukldingo hoo bBoceoo
o moeopoity o a groat ontont by the odvont of olr condifioning,
Infoor counds thal ot ono Cioo vonld go wmoticod, boooaoo of o
nodos ¢hot onfiored tho dudlding WUueoush opon vindorn and 4oog,
a0y 4o o pource of diotarbapzo to oueupoantt in ca othowvrico quiot
Ceots

reat aldor Buflddngo voro buidt with on oyo only Serend
gubotontiol comtprationy Shoraddl Snsulotion vep not o HRUSO Conw
piderotion aw woro thornally inoulated vinden ond oaley doows,
Ceoling teoory Dleuorn, £or3y GORROSOOEC £SO noiccs o ol ocle
eiofo vith o esoling oystod, dut previous $o (ho org of noico COQe
trol vo ignarod thoo end voro happy o bo confortchlo,.

Uhon ontdro building wEo olr eonditionsd, Uindcwo
toro conled, thosnol fnehlabtisn notoricls voro uscd cnfl catoido
oponin?s wore soclod o provont tho 4nfillention of wmmtcapored
cde. Those prectices ovo oloo roesc-oadod in gommd control. [o
deedt thio olindnntad tho cminido modocs évo to poopio in o
oleootog tho tecffic nolooy nofso duo o Jots cxd copoplores,
ord pinopcas othop typos of oxtorior noicos. But oslong vith
hio moiso Guo o the clr conditicadng cquiproat, 180008 boeod
godtn pignificonts

Peoplo got omacyed Gzo to £on mogno, #abtlo of WUn
SCIERo000s0, oplooh of vokor in coaling txvors nd thy vibrakiono
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1.3 LERODUCTION g

Pooplo do woet Liko noice. By dafimition, 48 4o
"OLJANEDD® comyds I% noy 4ulorforo with spocsh eonmunication on
Jcto or 4n lofruro cotivdlics, &n cortoin roopests 46 noy affcot
tohewdour, 48 ory produco o tonporoEy hocwing loss, 24 &F tho
nofico Yovol 4o high onounh, 4% noy cowoe pammont dcaeno Lo
bonzinge

Dodco control 40g Shopofors, o natice of comsddezclo
cocfal cnd ccopimfe dnpeTtonso. TRis heo boeeny dncrocodnlly Gsio
in pocont yoops. In consoqransd 4 hop Bensht Sopothor inlivie
Capdg of vidoly vorying veochions tho choro g vital intopoot 4n
Lty problc g ceowoticn} omqlroorsg phyodcints, clcetriond
onzinorny €osigrees of ndliGesy ognin=h; coronmtlosdl onzlsncen,
cochonfeod ongincorsy ofs coxditdcndng cod vont@lalion :mmcm
busldopgecobitoetn, oily plonmen, peblic hockth offieicln,
buodesss ozooutivos, lc’.;’ém ol caponoction OXports,

Uraafeatarors of Roneo hold mplirmoos omo contoly

20 Chab o quiotor pradet ooy Antworcod polel. 0£E3e0 nopds
Gorn oro longning Shol tho sodnetion of oméc mics ooy soondl

&n Xots poroead oligwd ondy poooitly, inmsrocond officionsy. Sob
onginn nesPeotuEors 9404 46 moeooocsy §o budld ongino %00t €030
vdth coaplen psonctienl CPoofeont o fncare ogainot pooolbiliCy of
coaplofinto o logol cation £ron noighdsaring posidonto. Apchitooto
cro topiadng to ceoldes Gho miod for catfelpating maloo problco
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cnd dncorpornting claquato ndico conteal oconros 4o tho booje
plomning oa2 Gooign of o otruedaro,

Tho control of geumd,y ¢ noiso; in bnildingn heo Boetso
o noeopsity o o gront ontont Dy Sho pdvont of oir eonditiondng,
Infoor counds that ot ony timo vould go unnoticod; Lnemoo of o
notos Thal ontored tho duglding thyrough opsn vindoon and doowd,
nxr 40 o ooureo of dinturdbapzo to cseuponts 4n on othopico guint
CP0Be

eat oldop Builddnge varo built vith on gyo only tomed
pabotaatial comtruntiony thorodd Snsulation wep MOS o FRUCO Cone
psidczatica aze voro thoraolly inoulntod vindoew ond oaley deors.
Cealing touop, BLCOPo, £000, COORROSOORS £SO ROACOS w0 old oooe
ciglo vith a esoling cyston, but previocus to Cho orp of nmoico 0one
trol vo ignovod thom emd voro happy Vo ba coafortohlo,.

Uben ontdso bufldinio togo ofr confitiomed, vindeus
Tor0 cocled, thosnel dncnlatfsn ootoricls wore used cnd outoido
oponinie voro ooclod $o provont tho Anfiliention of wntcanored
oirs Theoe precticos opo oloo roescronded in comd control, [o
deodd o dlininnted tho cetnido modnco oo to pooplo i tho
olrootoy tho tecffic nolooy nolso Guo Yo Jots ool ooroplomes,
ond pEoopcas othop typos of oxtorior nodccsn. Bub ploag vith
hio noiso uo to tho cir conditioning cguipsncat, 400039 boerzo
(ST pignifiecnss

egplo got gmmoyod Guo Co £fon modno, pobllo of o
CCIpRos0020s oplooh of wobor in eodling tovorp ol tho vibzobiom
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o %0 o nochonedl oguirzont Arotallod. UAED % vACO coplitoe
tions of oir conditdoning 4n pioeop like Polovichon cad brood
eooting otudSes, caditopiunm, comeort holls, hospitols end ofthern,
moing eontrol bBoemo vory oipnifieant,

| - iho oin of nolso eontpol is not to oliuingte oll nolso
but to produco a bolanead moioo onvironmwnt, Gomorolly, nolno
chould ba roduccd only $o tho ontont nicded to olley morndl cetivily
to progocd vith vopoonablo conforts Tho quicting of ra ol -
confidtioning cysten rmeh boley o lovol of noise cronted by noznol
eotivity 10 veatoful, mmm, cxeonatvo gquioting 46 ofton
dotrimntal ogaco 4t voducos cooustiesl dnolatian of & coen

fren emathopy sco boakzround aodso eoavaroation o othop
(dotrcoting noioco dn cAfccont crons by OVOR-RLGENg tho0 woCkoR
ooamds oxd somdsping thon inmAfblo or undntolligihle. [roguontly
ﬂw ouly coonsticdl priveey found in laego infustricl offico

Bpceo, drofting peoto, porchesfng dopotacats, ote., remalis foen
tho madling offoeto of tho cabicnt poiso, Honeo €ho oot of
noloa sofuction 40 dickotod by Lo uco of tho opoco gad tho
c2Sivily goinz on ond thio dopondo upon tho nofop €ritorion.

Horss noiso confral 40 nob ¢ho oo o8 noico rofucticn,.

Tho oot potiofestory colutics of o nolse coaleol
peadion in ireimaitionin oyntoms pogquircs tho sloso ceopration
o2 tio goohitoot, ady corditiondng oapinoor anfl i cocusticad
oRZARTITs

1.2 YO8 HRARIUG IBCEAVISH g
Doino hoo no oooning for o &oofrion, Ioneo, £07 o
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@ ¢ tho mochaiedd ogairmont 4notollcds UAEh tho vide cppliccs
tdons of ofr conditiontas &n piceos Mo Rolovicioa tod brocd o
cooting otudfen, ciddtopiors, coneort hollo, hospitcls and ofhard,
moino eontepol Baeme vory slonifiemnds

- Tho oin of nolro eontpol is not to olininnto oll modso
bat €0 produco o bolancad nodoo cuviroraont, Cordrally, nolso
chould ba pofvecd only So tha oxtont nocded to ollar porncl oastivity
to progoct vith ronsenablo coaforts Tho quioting of o iy -
confitiening cyaton rreh baley ho lovol of nolice crented by netnol
cabivity 10 vootcful. Porthornono, omeossivo quicting 4o oftch
doteimontal ofnco 4% soducos rsoudbicol solabicn 0f 020 coon
groy enathory, 0o Dralirround nofso nols coatvoroation cad otkor
adnterenting noioco 4in cAiccont avens by ovoperiding thooo vockor
6oamis ond vonloring thod imcmditlo or unfotolligible. [ivquentdy
tho only cooustdcol peivecy foumnd in loego infuctricl offieo
oproo, drofting sosao, postheosing dopaetacntc, ote., rpecalis foen
8ho nadiring offceto of tho cidiont nalso. Doneo o micumt of
nolos soduation 0 djchotod by Ll uoo of tho opeec gud tho
civily goins o ond thio dopondn upon tUho noloo ¢pitorion.

Horsa nodso control 40 mot the no oo noico poductiog.

Tha oot ocdiofeatory polutics of o nolso coateol
prodion in airedrdfticning oyolcn soguises tho elozo ecoporchion
| o2 o coanitoos, ofr eaclitiontng cagior ond WO cocnoticd
oRZAnXIT,

1.2 BIT EDARIDG IBCIATISY g
foico hoo ao ooming foF o dnfum, Ioaco, for o
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St uelipolanding of nay JEoUACIo o 09icd ¢, 00
kncoioloe of o cochmisn of hooping 1o Lolpfel. Eho o 40 o
blolcadecl dotoctor of scundy o ‘Mien!. roehicmdcn thot oo Do
infuzcd by oo intonco o pourd. In $ho fallcving pasco o ke
of hoorins cochonion ond Shy offcets of noioo ¢a honeing ore {O%e
critods

o hogring cochonien ghoum 40 ¢Fes0 coetion 4n PAgel.1y
oon bo diviced dnto theoo poetap tho cofornal ooy $ho nddo orp
enf o Saeor oor. Rho oxtormal oo connlo8o of on omteranl OPROLe
dngo, colicd $ho pinan, ol € oz cowil, vhich 40 eloced ab tho
fonor ond by o eos dpm, $ho DAAdS oor coatnlmo tinwo tiry
Bomp 62 Crcdoles thich Sroraft vidbrotiong £ra tho o drun (o
$ho Sy oro. Thorno Ponss e 4ho hiomor, amril, tmd oiirip=
emntituls o Iovor rmachericn (hot coccuntegton tho vikeoltios of tho
drm €9 tho mootrems of R0 ovel windsy, vhich fo tho onlyones €0
o Sy ocze 8ines tho oval wirdor do ondy chout oo (uoatioth
o 1000 © B9 o Gmmy, o prosouse of the vibraifons coormnte
catod Chrough thy ovel vindor $o $ho liguid in Gho 4nmor oor o
drgporcefe Lo o cotion of o niddlo ooe o $aot of o offielont
neghondedl teeacfornop, coupling vibrations in U cop to %o 1icnéd
in tho dntornrd oP,  Tho dmoop oo hioo Cuo diotinet fumstiomn g
(1) tho nedntonanro of Bedy oquilibepivn, coesdlishsd by Sho
vostibulep porticn of Gbo ooz, vhieh §s nofs up prineipally of imco
CCielralor comnlog mofd (2) $ho porcoptlon of oound, thieh 4o

~oaomiiohed by tho ecochlon ond &0 oooealctsd Oporatts,

o cochlon 45 o 1iquid - £3llcd opirgl eondl, oabe
divided glons its lonsth into $wo ecanlin by o bony oteoeturn ol
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Fig. 1.1 Crosssectional drowing of the hecring mechanism. (Courtesy
Western Electric Co.)
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o Coud coobeanw. Zho onf of exo of Coco ecanls 4o clescdl by
o ovol vindoy. I¢ ip Shrongh Shio vindow ¢hot tho vibrations
e? W ooofelos 40 troamittod to tho 11quid in tho cchilon.
Scacitive morvo ondings, socoadatod wvith tiny hole 6ollg in o thied
eonal, oo onuitod by Cho vibrotion ot up 4n ¢ho eechloéy lignig
ezl thoy oand inpuloos o o bhenin by the way of thoe mrws Libows.
It 40 bolfoved thot tho Pato ab vhich tho Sotal mriboy of oo
parvons fopalcos oo cormndeatad to U brodn dotominos thn
lendmoos. Thio gato doponis on tho mumbopr cad cotivity (palody
poto) of the morvo ontlinge obisalatcds It incrocsos with tho sound
pogourg of Uho wvave otedking tho oop. TRO piteh of tho gound
oonnation 4o fotornincd prineipnlly Dy Cho locotionc? Sk moEvo
cdinge that ore ooot 0z2ited by tho poconcab vidration of vorisuo
scofiono of tho bootlor coabremoy houtier, of lar pitsh tho £pce
guonsy of orrivel of Ok mopvens inpuloos of tho broin oy bo o
chio? doternincat. Qonol ¢uolity 4o éxtaminsd daorgoly by tho
cmbopy losoliony md cnbont of tho ozeitcd mwvo ondingo c=d 4o
ceaplogly ponllod to tho vooo fomo cnd tho prosocuro of tho soard
vy gtricking tho ocoe,

1.3 CoBIeIRY o7 e oantel 4a

4 ocard uero oot hovo o cortodn oindoys voled of prescure
in c2dor o bo boeord Dy o €OCorwor. ThEo valeo e pgolooicd
Cacorworno, tho hovo geed hoaring, vho 00 Leoing tho coareo of plond
peazrcoaivo voves cd liotoning with bolh ocegy 40 cddilcd 82 nlipfe
0 cadiblo thyeohald fov o fpoo £0dde 30 20 ohoun dn Gho oo
B X of Pige 348, DEOguomay 40 indieotcd ploag tho herioonid,

\@ poronifionds 4citeatn tho mmbops 4 ¢ho 140t of
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ity md Cho pRoscmen 2o of (00 TR pRogsenoito porad uoro
thot in Joot Dosoly c20dblo 40 dcflloctod cleag fho wortiedd ozig,
% 4o oloce Loy Uy £8garo Mnt v comnitivity of borring varion
Caoracanly fo osunds of ALCPoRont FroGuorsios. Torfmialoly oo
£0 root ponngtive fn Gho froquomsy rongs thab 4o nesd Lopootmd Soo
tho Satolligibility of opoceh sownds. 5420, im the ovolution of
Qo opaceh ond ounde wago dovolqnd lotor than 0 congo of hooring
4% nppocws ot opooch md cusie havo dovolopsd 4o guch o anmop
© %0 1o wll capted to the sonsitivity charcetorioties of B oz

4n obzorvor in o Creo plemo propeossive ugwo vill motdco
thoty, ¢o ko proscuro of the vovo 20 imarocsed, the rosaltin: cormd
byeoos Xeuder o loadop unSil 8% ottalno o lowel of waich o
cornd ¢en 0 £01% (o cort of Cinaling comptisn) o0 vall oo boowd.
ohdo lovol 40 opilod ﬁhﬂg_‘iﬁum@elﬁ of £foolinge AbS this theooheld

P
e st T e T

-%¥ GOCorvar omporicnect o nised coasntita of soand, fooling, ol
poine PFige 1.2 shovn that, aniilo (ho ninfcim cadiblc {hwoghaeld,
tho throghold o fooliag vories rolobivoly 1400 vith £roquensye
Tho oininey cpadblo $hecohold pusvo, 49 onteapcloied of both ondo,
vdl) inGoorocet o throobold of fooling eurto ot toa poiatn thich
Gloriins the leuwer omd uppor frequonty 1308¢0 of Cadibiliky,
acooly,; of cboat 20 eyelon for the lowor 3andt ond of chout 20,0080
oyclop Lor tao uppair 14mdt. Thomo o0 o oworco voluwos fop
7oy popscas vith goodl Backinmge TR0 WDEOP Lpogroncy limdtso, olomm
Ul (09 comndtivity £oo 00 hishor Lroqeamnicn, COoordly (2050ctos
ULtH Lo22000inT 0.

Tho Hi1iky of ho cor o dAifforontiato cadki cheanos
of cound pRoscurn of froqroncdr 3o of Anportonns 4n 80 hopeing o
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gpcoch ond aodcs Anythin: ot dnteforos with this Cfenolion of
ho opz sondors tho unicrotezobility of opooch oF owdie noso
@eeicult, 16 4o, thopeforo, of intopcot %o inguivo obout tho oowd
copability 4n thio senpoot. Tho mindrrs popcopiidlo incwement of
gound=propoure lovel of o pawe tono vopions vith bodh prossure ol
Seoquonzy, bul, Lor lowls proabsy ¢hom rhout &40 db pbovo tho
throohold of mdibility cnd for froquynsico dotucen 200 and 700
eyelog, tho pininrs por coptible inexcoent i prossure lovol varics
£rea ono quortey to Chrco cuortors of o docibols Tho manllont
poreoptiblo chonzo in frogooncy that thoe oor e dotcet 1o €ifforcat
for ﬁxi‘f‘émm prosouro lovols o frequwoneion, tat, fo@ pape tacco
oare than 40 db chovo throohald ol Cor foguonsicn gronthor
£00 gyelog, 4C L0 of cxioz ¢f 0.8 por cont £or pencipol
(loering with om ccw) 1ictoaing vith on ocoar-phemd, R0 vorlation
of tho frequoney of a gsand osapco in o Posl producss o noxkod
veelotion dn tho peocuro QfoCribntisn vithin €y poca. Thoroforo,
ca ¢hoorvor eo dotoet o canller shemso dn tho froguensy of o
" ooupeo 40 g Food then &n opon alv.

.M& BAR RESPOIDD 10 S0UDS ALD DICIBRIS pe

Tho InConsily of sound 4o rocowrod in tho cdmolulo
valuo of veli®Rs pop o@uaro ¢ oF im tho nozo Dosic units of oxgn
[P poemd POT Ofs o A Dooom@sont of dntomity dn thooo fomw
3o vory 14ttlo So us 0inso vo oo fnbopostod in &0 phyolidlcszlenl
o ot phyodecd copoet of comls Gbors dnm Ao £201¢ 50 oico
fndoraotod dn tho [yolclezicod copoet of cound cnd $o (hic ond
&y doeibol codlo hos boon oot upe

2ho oo 40 obilntod by ocanf coconding o
obap - Pockoop 17 vhich n8cton, 4n offcot, Chat tho Fobpaxic of
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tho men ook (20 Al b comsony opptmn) vorios on o legopdlis
of tho dntonnity « thot s, a noto of 10 updle of poop 40 10 4o
icador thon moto of 1 wallt, DU 0 sound of 100unito 4o only CD ¢4coo
loador, vhilo & note of 100D malits 40 30 t40oo londor then tho 1
it tono. ‘ |

Tho undt uocd to omproso (his wobio of powoy lovolo 40
tho dogibok, Dothcnntienlly tho dooibol (ah) nay bo omwopesd o3 3~

@ = 30 2055p millm

Py
Por oxeplo, 42 Py = 1000 cod P, o 100,
ahszazegm-"’ﬁ«u = 10

In this anoo mlativo mEorn wope uoed ofl tho
onpyoosion 40 b would poon littlo unloss wo hotw a roforcned
Potess

‘ ~ Tho pofoponed pIvor Ues cot up by Sooting nooy
thousonlo of young pooplo vith gosd hoceing ond datormining a‘k
vhot intonoity o 2000 eps moto voo mdiblo. Fhic ool voo dotcre
inod %o bo 1 5 30™%° untto porog, o, Thio loval &0 torond
0 44 rnd oll @ lovols cro in 2obio So Shio lovol. Thopoforo,
taon o 1owl 40 quotod R 20 €y 40 moono tint Sho dntomsity o
1000 t370n grootor thon Sho cofoptod doro dovol.

o ronp of ocuind dnbonsitics cncoamtored in proetico
40 oo vogy geRont <« $ho potio of pany 0f thy hisdood 4nloanitics
(o cmrnlo, S0 oot dntcnndty of o oot 4o cdould 16D wodio
po? 0g. @) cocouped to (o folatest Antonoity thot O mropeso |

org oon baoe coso Go chaad m/mo‘m o B.Ow g 3w that &8
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veald bo onlpenoly cdvard cd craborooio So work vith funt oot
&nonoily in wotlo por oguomn continolor. Poz Chis Poponony 20 &0
vory coxonfont o pololo oo powops on o 1ogcritinie cealo,
vheh 40 ko doofbol peolas This oncbios ond o hanfile ouch o
trenondown ponge of valuco wory convordontly.

L. ISIDIOGICAL AUD POYCEILOGICAL BIPECI0 07 DD (7)i-

Tloiro 20 dofimd ¢ urreated oound, Unloubtodly o
emdden violont moleo ouch £ oo oxplosion eenseo dohonzo 4o @
Pabo erd popularity of neod nts md 0 o groonb chock $o tho
vhole rorvons oyndca.  But onch pafcco oo not procomt 4n o
oireonditioning cyslcns I8 0 fode Coaooud thal o pomnistoat
porics of noisos, ovon though lono {ntomno thon on onplosion,
ot hove oo coernliabive offoab, probably tho fisob sympies of
ozeospive and poroiotont moico io o vielomt Bopdercho. It dice
Surbo tho slaep;‘ conecntvation cnd oougos fatiguos Thoe noot
dizoct phyniSozicol offcot of moino Io upoy €O oce, Cud LCOpezeRy
or ovon pemmcxat doofmoon ooy scould, prolonged omposure o noicd
doy oftor day, Oayy in on offico, cortnoinly preducca o atorcdy
dotopiopntion of hoaring, Uhon tenporary d20f0ss 410 oUCnR,
the hroping $aso 4o uonolly gooatop in tho higor fmm&éﬁ
(2000 « {000 opo) oven Cthourh tho profainen® ondegy 4o 430 moloo
40 &n tho leuor LEoqEonoy popicn.

Years

A peat docd of abiontica hao beoa pold &0 poconl.o
o poyedolozient copact of o offvet of pofco, omd dlthough ¢ho
gcotor Anvolved 4m Cho macn ocetica ¢o noico oo Aigfgicndt ¢o
£30000, 4% oo boom ohem 4 0D eooos Ut onesosivo modeo
cdvorscly offeeto tho ocutpet of valiors cnd dnoeocsos tho 14obidity
o oppoz. FhAo L0 prabobly tho reoui$ of dioteeotion coused Dy
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tho nodoe thdch bringo cdaut lealt of eoacoatration,thoush o
coabribatory coane of tho dooroccod outnub cad 4dacecoso in OPFOD,
noy b tho offoet of poick on tho hoglth of the woriweo. In oo
crsoo rolfof hos boon oblninmod Dy givy o ehooshent trootoomt ¢o
the eoiling of the roloy rosty, dut in io evancetion tho eoolts
sions of H.J« Sobins and Yilooa oo fomoptont. AfCor o corios of
frwvootigotions thoy roportcd im 1043, thot roliof hoo bocn obiodie
od by oboorbonts in oo opoeno oven vhors lomdmaos poduetions vrpo
sogligiblo, ond they mede purpostiens poloting to tho phoncsormaa
of povorboration anf to that thoy colled tho Sopmociiss offcet?
vhich odght be vosy holpful. Thoy comcluded thob rovorborabicn
i ropordnd o irpitcnt Dacamcd A% proloags o alpondy Gile
gnpoaohlo pound ond 610 Docorse &t 4n0Pfors vith comvoroaticn.
oy sugroot thot rovorboration boeonss o3 inpoztcat Looter viom:
tho moicos consiot of diotinotive frpoeto, o that th oldiiticn
cf sowesioration to tho oloofy modes of polasy noshines 40 o220

ho inportarco of tho Popcocding offooth walch 4o
{sepihed o the tondoncy of soend 4n rorsboromt Pers to rooain
ot o ocmo lowl, oF to deroaso slovly vith 4ncrocto 4n GRotenso
220y tho Doareo, 1400 In $ho £eot that 4% ofasos o otidr nedcoo
to intorforo vzﬁh o oporctar o oxcunmmt G0 ooy (B0 polio oof
Oty ppliracon. A9 £ o5 o oyoplss of otrodn £ £obiaes
Cuo ¢o 290 ofo eoneoPnody o ooeapcat vIAL Do offceted OoEd
by othop wmyeaicd pafcos then o soued (oqy rmofe) o Goats Lo
Poce ovon thonzh tho lattory Uaing eloocst to hin, cols vp hichop
Jovslo at tho oom,. | |
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In brief, nolse esuses fatigwe and frritatiom,
interfores with the speech communication, snnoysnce and in sone
csses, wvhere thers i3 continuous exposure to high level noisss,
temporary or sven psrmanent hearing loss,
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AZR-COIDITIONEIG QO¥GERISe

2.1 IMRODUCIION =

Mg gonditioning 4n o sioiZomous somirol of
Ceoporoturer, heaidity, pardty oad dlotribation of alp fn o
0 0pCeo. TolepeGoyo ecfort olr conditionlng io oo lomjor
econsidorod o lumpy, bul o ncooosity. In &ndusterios cloo pire
eoafiitioning o lozgoly cloptide

In loborolsriosy, 1t providos eoafortoblo confiitionn
for the ogcenpomio oo that thodr wvork and nocsurenonts will bo
provioo. It ooy eoodot nodicnl and blologiegt porsoamol 4n
otudying tho offoets of Sonporature and Mmidity oa living
thinoe In toxdiics ond printing induoteion, conteal of hoidaty
boing osogntinly noedssitotos ofy eonditioning. Prceislon prrto
rogquire conmiitiomd omeoo no that thoy oo nofntainsd in good
confiitions Afr confiitioning 4o loepoly cdoptod im oteol nome
Eretaroy phomosoubicds, pactogrophic profucts ond othor infuolipe
fope

Coofext nircasditiondng 10 roplicd 4in pooidoncss,
sogbonponto, 0F0ieon, catonedilon, pollucy oart, oirplando ond
i o lezge vredoty of bpocon. R0 occupants £ood exmfortodlog
£abiges v4ll bo loosomd, thodr officioney 4o dnapccead.

A nopeso con o cirveonditionng oitkor by o eonteol
oyoten o2 by o codf contoinod undts Yho topo, conbten}, oppliod
to on oiy con@itioning oyoloa fnplion that thy ogquiriont puch o



.
Lomop cofloy £31%ovn, anf thofe omicBomomio oo dosipnod Lop
ascably in tho f40ld rothor them in tho footory an o waif. AD
tho eontedl oyston usunlly oopvos gowopal difforont Food, o
Opceat, individual contyols oo roquirved for ocgh POl

2.2 UDATURES OF COIEAAL SYSRHE ge

Tho control oyotens ope gomeally loeoted 4n o
Daromonts ond only oao opporadtus sopvos all tho rooas, Such
oysteno oro uouadlly conmsoted by ducts to all tho rocus, and
profepebly hovo oghoust fano that oay offoct emipiels sovel
tad Glopnl of oy dosivcd propoRtion of o ple.

gontrnl nivecanditioning oyoicoo oo COpwod By hoating
o sefeipornting oguipsant vhieh tny do locatod o sonn @iotonco
£zen tho ddeecunply opporalus, anfl vhidh OOy U OFV0 ON9 OF moro
contrnl ciresupply oyoican. |

Pige 41 ohowo n ypical FO@ poand conbtend oystca.
Sk pofrigoront eircait, vhleh intlodes the FofPigorcat etaprencos
contonic?, ovapdralor and cotling toror, 40 not dhome

Ccutlosr ode ontorn Lean o fntdlo leaveo proforcbly on
that pido of 0o buldlading lonut oxposcd Lo polor hoaty ond not
eleco o Gy proand op Cunt gobhorins veof. Sho poturn oly dnod
oz comnzotion eames £fran tha potura 4P £ ¥ polurn oip onf
Gatocr off esancotioas o0 oo wweaged thot thoro 4o oxmploto
Ddmng o Uho Cuo ¢o nininico o poooidlity of otrabifiecation
theagh €2 ogaipoomte AIL tho ofr possop theough £i3tors vhoso
0o odr 80 clormods TR0 QRoowsd ofe pascoo $o Sho oguiptont

thich ehctgen 480 Comporoturo ond Mraidity. Ezespl in voRy woEn
clinaton odting op Scomoring coilo oxe reqaiscd $o v -
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o oxtoring outdeor alr €0 o teoporoters cbow Lecosing, tho
Pont boing ouppliod by moans of otog o hotwtintops Cooling
¢oilo peovido tho nocossary somiblc cooling aafd dobnrmidification,
The eoilo noy bo ehilicd by divect ompausion of tho Fofrigerent
vithin tho tubot, of by o pump efrculotod 1iguid sueh no votor o7
brimy. The cooling ond Gohemidiffiotion cow bo obtoinad by hoving
0 oprey chenbor end theso chomld bo follewod by olimdnators to
vonowo dyoploto of vator AL ony,

Por humidification Ln 4Ary mooklor, vator oppays o0
usod oithor ooporatoly oo ochem or eonbined vith ¢bo ceoling
coflo, Thom vo havo o Lo, drdvcn by tn oloetric moboz, ©0
Frp o coxfiitiansd oir fo difforont opneos, Rohonting codds
utilgsing stoy op hot valor pchoot tho afr it voen wonther for
conbral purposos of Deing thy adr %o ito finnl Lonmrpotu in
e0ld vogthop, |

Fho oyoten doopor providsd comdyels o ooowmb of
ole oatoping tho duoct boforo tha quat bypemebas off. [oforo
¢ho alr 1o sufpliod into tho corditionsd opexo thoro moy Bo o
fomry eheobor (ra alr cosportoont nointolned wmdop pRosoUR,
ond commcotod to cno oF mopcdistdibuting duets). Agoln tmothop
dcpor eolled diffusor dcpor 1o provided to control tho volexm
o2 odr ontoring o Opoede Pindlly tho cxxditiorsd oiy cntors
o opozo theouph tho ddffusors lesmod oithor in tho ualls op
ir coilingo. Tho vitiatod ofr 4o drom Dok %o tho copditioning
oquimont through the rotura ode duct. Thio ccn bo dono by tho
pcso oupply £on 46 888 puction propsure 40 puffietont or olo o
goparato £om hoo 4o Do apods
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N8 TIABNW <LOTINAYL QU5IED] ge
Hy dffemat {ypos of eontenl adreconditicaing oyolco.
vath 2o millo of voicza doslinms havo boen dovoloped £or oulife
pom buildimgo, suth o3 cf94co building, hotols ond nespteals.
Tho pringoy objecet in uiin: Uhwao oyotons 4o So oovy oposo by
Foduetion of dret pizos or by ontiraly olininoting dueto. Thoco
antts oo gomorolly plocod Doneoth tho vindovn., Thoro 20 throo
gorgion wnd tory gmmhl. oystoas 0o dogseribed Doloy g

2,33 Induction Convoetsrt se

| Induetion econveotars, Fig. 2.2, copley ncosics that
peaduco & high wlocity odr jot. Tho hish volecdly Joto of priawsy
olr dnfuco o flov of ale fran $he rooa Whmuch coflo looafad in
tho oceondory oivectrom ond oupplicd wity chiilod valtop &n omxop
oo vith hot wokor in vinlor, Tho chillod votor semovas o largo
portion of tho conoitdo hoot in owrop 24 tho hot vntor ocupplics
tho sonaible hoot 1oco £n vintop. 0 zoquived £flor of princey
ofr Lo pgrootly wofinect duo Co tho goot that o rovtdonof o
conoiblo logd 4o corricd by (Mo oocozloyy o8 olsccs O4nch tho
prinory ofs quontity is oooll wory hich volesitics com In nofine
todmnd En mc‘ ouply dezts vithstd pogiving Lo pooP in oZeons
Zor o convontiondl oyston. Tho prinovy ofe 10 troctied 4n tho
usual nenop S0 poceh tho roquived Gowr pofut ond o ourfoco o2
opzay GoRddifios noy do wocds Tho peinary olr qroantity 4o
ouggiodcat for vontilcdiea pappecos o frequeatly comsinio of
catisoly cutdao? olse

£,3,2 Alloplr hrheVoloeily Syslcan ge
Mlenir high o7olosity oyotors avo alreconditioning
oystean 4n wvhitch duot volesitices cal otatic progouscs oo gush
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tho% opocicl control md cocastic wootront 40 roguircd for pROpOR
inGreduction of o gonditionced afy 48To tho opoeo 'Ba b copvofle

Thoso gyotenis oo of ofthcy oo Guet or Cunl-Guod
Lypane |

In tho singlosdnet oystony Cho oupdy tonpozrotuso 40
ecotobliched ond voriobions &n the ot oxo conponsoled by
ﬁimtﬂﬁng tho cdp pupply veluo.

Pual=duet oyateas dolivor tho ontiro air tupply $o
cold rmd vosn odp oupply fueloy £yo0 vhich 40 1o dintributod to
oir nising volvos, (o cochanice) Qovico tRad copveo GO
propection cAr Prca cold cir Gnat ond vern ofr Gzet Snto o ce=ien
oatlot op Cuet) o7 cocaotierl Somingtion dovieco (oo pir ddce
teidbution unld ocanfoting of o dr valvo, ceoantical nbtomaction
¢hrobop, ond 1 ofe outlot),

Tho pronortion of ¢old oy omd vora olr io thornoe
oltcbicolly conteallod,

23,3 Pon ond Coil Unitos=-

fnothor typo of roon convopter wood in conmsotian
vith contrdl cealinn an? hoaling plonts 4o knom co ¢ho faa ozl
endd uait, '

2ho enito, 1o induetien umito, o locoted cpownd
fo porighory of o Mailding, wouclly unioe windoup, ord o8O
oqippod wvith fomo cad o vatop-typo hoobting-cooling coils Shoy
roanlly oo oir for vontilotion divootly £vod outdoozn, i
havo o moxel deapor for cAfustiog o quontity of ol vithin
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cortoin 1inits. Bobt vctor oupplicd during o hooBing cocsoen
froguontly 40 voriod in sccordanco vith ontdesy Lonporatudoe
gold votor for use durinz cooling cocoon should Do cupplicdl ab o
£ivcdt tomporaturo 1o onough $o provido tho propor coounl of
Colnmidification, ‘

84 CUVAPORATIVD CODLIIG 2=

In clinatos thoro on tho hottoot days, tho outdoor
vot dulb doproision is polntdvoly gronty 4¢ nay bo poscibio o
roplesy noghenienl sofeinozaltiony or othor ccoling doarens cad Use
thy cvaporotivo eooling offoct. |

2,5 KCICOLITG g»
Uhea cufficion@dy cold wator fron volls op sirord
1o ovalledlo, n scring in pofrigoration noy bo obtoimd By tho
us0, in locntion chond of dobunidifiop, of prowooling colls
throash vhich cold wotor $o alrevliotod. This reculie in dourocco
in 1024 ecrricd by tho dohwniaifdor ond vofpigoration plmt.

2,0 SCIP-COTZARLD VTS ge

| Thoro units oo gomrally of coallor erpreity them
tho conberl oystcan., The refrigorating ecaprocoor dloag vith &bo
Dator, evalcanor, Matmg oid eobling codly cad S0 fon forr
circulotion of olr oro housed in o ochoot cobnl ecaing vith oaplo
Ipan £rrweo and peoovablo ponals $o give aceonn So tho Afferont
porioe - Qomseally ho dnsido of € ¢coing 40 1insd vith poand
Caeebing notoridoy “

4 Poms aip ooaditionos 40 0lso o oolfecontain-d unit,
Thin 40 o fratory nodo onersed acceably dosimad pricorily oo o
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wdt fop counting 4n o vinder o throudh o voll, for £xo0
¢olivony of ecaditionsd aly to oy onolesuro ord vitheab ducto
for eaxfitionsd plr oupply oF soburns I dncludco o peinoey
sourey of vofrigorotion cad dohrtdificatica ond Cooan fop
oirenlcting cad clocning oiey o nry dloo Snclude coomo fop
. vontilclnge bocing, oF porfostdng othep fumotions, In
oco undto the conponcnto ovo oo dosdgned Chot WD nofso
pomrotion 1o low onvghs
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GOHMICTS OF I[DESD AUD QUISEN  APFRARDAL,

Sk  ZHRNODICREON go |

In oy oiregondiCloning syonton, %o coaprrabs
ponerolo oo woll oo eonondt o nsloo. Fhoto Shob gonorals
pafco £50 the Sousan of rodcs oad honss vo cusd hmey Sho obowo
of ocgh eaapoaont da tho fatad modco oo voll oo thoir moioo
opeotoy pocabing (o ecoxlitionsd opreos Thio fnformiotion 40
medosery o Getormies o propar nodoo comledd COCTUECD.

8.2 pCUETIC TOANITOSE0T PELS ge i

40« 341 ohovp o Cypiedk oipeconditioning oyobon,
c¢ ooupro, cntduding (o pofeigoront cooproosor, notsr, DpUOy
Chroinp, cosling Sovop ofice T shoteh oo chows tho diffosont
polia by vhich o nolco ey B3 toonooitiod Lo (ho conditiomd
CDCLS

PGh g S0 o thin comrolo olob W opreon oboave ol
bolcy eho ogipont rern, Thoos oloio, clthewd pobicfootesy
stmaetueclly, o incfogqante £Ren (ho viow point of providinn
nuffieicat Cegremlosion 1oso Ro prevont (o olr Doeno tommoe
migaden 02D madco o €20 opooen abovo mid Dolor tho oqudpoat
B0,

Poth B e 40 thpough tho portition copopating tho cgatpoant
roca om0 cdfodning offico. Ascdn o hovo o ocand boepiop
et 45 nolt @l Loz tho Job,

Poi™ € 1= popticlly cheon oosnfoto of o doar in 0 portition



o %) o
oopereting Sho oguiroont pooa frcn o of¥ico.

Prih D 3= chown Sho dircefion conmd nry SO0 cvor tho pertition
cad dooe thrcugh the coswationl cofling dato tho offico.

Poth T s Indicaton hoy goond nay bo crrpicd throach o duel ook
end Sheoush (ho vallo of 0 duet cod owoponded cooanlienl €oilion
0 tho Posy holave THAS ecn ocour Grcagh tho pupsly deot oo vl
oo tho roturn pdp dwot,

Poth I g3 Sheoo 80 oot coon ﬁuﬁh’ of 40y threaszh tho oupply
et voX: cad out of ¢ myply grillo,

Potly @ ge indioricoo ¢ poopod of oound theeash o gotuen ody
duet voslt caalnot Cao 3¢y of ndr ond ont of Chio potarn ofy ilddo.

Poth B g dp € octand tpormittod theoush (o owpply dest £
U cAjodning poon vhoro thopo noy BO o noits omarcs. Fhis hoppons
vhon digfercat opraod 2o comaatsd S0 o ecooa oupply €Goet,

In eddition thoro ooy bo asinos terammittod to €82 opoco
frax outoido doen $o tho Secffie, onteiedios, cdzepoft rad otc,

Boneo v ¢ca oup the prinnry oolod souren in o
adrecunfiitioning oyobea coecading o tho paineipal toy, in Uhich
tho noico £ooy hicon ocosecsn pocshoes thn gocupicd Opood,

3o Dadoo Upcneoftiod Tthesarh o dlcng Gt ¢
) Dochoien) omipiont nofcs ouch o fomd, nolors,
COIPDCOICTD O8Ce
D} Colf mofco £ran ofe motion ond trbulorso vithin Sho
icteibntion oyste,
g) Gecop toll Opon o pos 0 pnotbop,
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4d) Toino md vibention froacilitted Shwour duot wallo,

B Deico Seanondtled Chrough buflding otruntuso reoulfing fron g
n) licehins vibeotions, o
b) Trensrdssion through ualls, coilings oto. £res
fochoniesl oquiment or othor zowis.

3. oino tranm%ﬁad& Lran pouresn oxtornol o tho baflding.

Tho calf mofso fneludos tho moloo gonorated by
gritlos, prosourc Fogulcbing vhlwoo, Gipors, turning weos, bonds,
beanches end ote,

8.3 PAll [DIGE g=
Beforo poing into dotails choult Lon noico, wo chold
brlefly disenss tho typos of £omm,

| in tho broed sonne, fans oo genorolly wadorctosd Lo
bo afivenoving dovicso waing o contrifugel oF andol flor typo of
ode propuloion, Ufng or lobo 4ypes of displosocoat bloyero,y
Goually, ore omeluded fpen tho fan eotogory cad ofo Yory pasoly
uood in ol conditioning vorks

S.34 TIPS OF P {(11) -

Pem noy bo divided ints two gonowdl dlonsifications,
contrifopel and anicl (000 Lig. 3.8) » 1o conteifnndl fomo tho
fior Cheough tho impoller 19 ossontinily rodiolly cutyesd feay
on oin of polotion; conlrifupel Lowco ecacos o £l cad coupoocofon
of tho nmfiﬁg onzlasod in ®ho potor. In oeicl {lav Pors tho Fle
Ao ooocatioily &n an omial dizoction. Ocecsfionndly o codhinnkion
of amicd ond eonteifnnnl cotfons 4o ucad, vhich 4o roforsod %o o
o oizod £167 fene  Amicl £lou fmo thob oporsto cgalnn® 134430

[PUPICEETT G- VO N SRR U USSRV SV P DU DRURE W — . — e m e R
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poforeed o oo propsllor Lomn. Thoy o0 ucod ohicfiy oz oot
onfl gizendating porpssats

(o) Conteifugol EalSi-blcfo Pong se ,,

- Shoro oo theoe gonordl typoo of comtrifusgdd meliiicfo
fanty o ddvicion that Coponds upon vhathor tho $ip of tho £ Dledo
CUEwD fnto & gy fex o winol polbation o uhothsp 40 40 poficd
{oce Pige 3.9)

1, Porvordeciuved Dicdo fomo diroct tho nde 4nto
@ho 2o coroll vith o wloeeily ppoatop than Yo $ip spood. Tho
Wedo chepo md woleeity dlopco oo o in PLge S.9(0)s Pow
& pivon copecity and pRooruzo, this oporatss of o lovop opood end
ozenpios onolloy opeeo then £os of $ho othor Dlcdo typo. GonoTow
Ny, tho ofr voloeity cod tusbalones oo highor in this Sypo of fon
er8 ¢ho nofso fran Shio soures 1o groator,

2. Dztned ectpved Weodo foun dischaipe the olr
beoltwoard 0o that ito obaoluto volezity 4o loss ¢han ¢1p opecd,
tho bicdo chepo maf woloedly dicorc cro ohkoun 4n Pige 3.3(D)e
Per o givon poto of oiwfloyw preosure, tho opoot- 4o nmoorly
Grieo thot of o Convard earvod fene Thin 1o cuictor thon o
foroord carved £on.

3¢ DeAlol-Dlefo fono dicchorno tho oir indo tho
corodld vith g voleadty ostbotentiolly cgaodl So tho tip spocfl. SR
Diclo obhopo o wlocdty dingrcd 20 thoum n o Figed«3(Cle
Goppldly the t4p of ¢ho blcde 4o godidl, tho loofing o fmor olno
Badnz curtod voll Lesvond to poot the oir vith nindmrn shosh 1030,
Tho modoo fron o volle@osignad £on of thic typo 1ios ocacviore
batueon that of the Losromd ond bootvord eurved $7p00e



(%) Azicl Ploy Powo ge
Aniplsflor Coan coo divided into $vo elooncs, emo typo

uitﬁ inlot or diccharpo vomos collod vonoenydicd fong o ano
vithont oueh vomis cnllicd tuﬁa o8} fons. ALl ool Clov £omio

inpret somo opin to tho alr videh possos theough theny thoe cirmt
 of opin doponding lorgoly upoa o prossuzo Cor which thoy o
dosippods Thott Land pompally opowcto of highor npccﬂn thm
conteifugal fomo. In opito of this, vhon crrofully dooiged, thoie
oino charoctordoties oo eopecilo to 2ho oot of Othor Lyposs

3.3,2 NDODYNINTZC BOURCES (2 VPAD TDISE pe

In wﬂw o cbSain o undorntionding of £oa moico A€ 4o
mmx {0 malyss tho pound pomoratod imto 4to prineipal cwmponnaltog
thono oo in genoraly ol procont, clthough in vorying proportions,

1. LifT Hotdo te

" ghin 1o oIncelatod vith tho eipculofien cronnd oot
blofo of tho dopollor md Shopofcmo, with OB 1400 ond with Ow
nefss in »zom prosouro reeot tho iopollop, TEO thooay 40 G0 RO
Geutin (12) tho solobod o Ceress coplicd to tho ofe by tho hlefoo
of ra ofreroft propollow o o Oyoicy of cooustic dipoloc, MO
ocndlyoio 10 in torng of tho coapoamts of tho forco, o Borgeo
ooino? o Hhpast nolcoty, Dmt o eeodindd torn cuch o TALEC dArOY
potmn noRo oppvonzinto 4n £on vesth FALY nofoo 10 ca ioovitodlo
coeenpoicond o (o voF: Gozd oa tha ole by o drgollop, of 40
o priceipol soupeo of thot peet of tho pofco vhich heo o mm-
s oo gitehg

2. Dioplescoont Dofoo ge
$ho axigin of thilo compomont 1ico &n $ho oreossity



o e

paoapne oF fon Diclos hoving £indto thicktmoccon, A0 0 ofe
poocpos throagh 0o inpollor 4% 40 foresd coifo Lo givo opeed 8o
tho thiclmoso of the dlody o poogy roamiting on tho dcchoepe
oido. pcountienlly, diopiceccont noino eon bo popcsonded b7 o
oysten of odaplo goavean, oo dosewidad by pontng (43) «

3. nobotlondd Toioo g

, | Rotational mﬂ.cc,, ceonoaly colled Dlofo modcs, 40
beoie i:a 1l fypao of £ons. m:ay 4~y o Bledo poopoo o givon
point, tho ofr of thet potnt Focofvos on dnoulco. $ho sopotitica
roto of this dnpaloo « Sho Dlcodo passing Spoguoney o Gtorninss
tho funicwontol oo of ¢hio typo of 2oino.

Tho Srtonnily of ¢ho Medy aico md Yo polativo
otecnsth of tho verdons besnoalen cso dotornined Uy tho ohopo of
S pdp topmioo (34). Coubling ¢ho momdor of Moo of o fon
ésublas tho froguomey of tho fanicontal, Newovor, 4%s offoet 40
sorchnt nore icportont then hat @ Conoldor oo olcoound of oo
82 o 36k o2 o propollor fome Dech 00 o BloSo peacos his
Pons tho nfe Uil roesiv o fopaloo o5 indicolod 4n £4gs Be4o',
Thio inpalco toy b pooolvod by Pouslor canlyois into o ntocdy
ceoneaont vhich givoo pico o tho dosired e flu:ig 4 o oogica
el asleflloting coaporrts Theso (Rogeoneian opo dntogenl oultdnlos
of tho drpaloo feegrondys SMro osellloting cawgmnls cpo thy
gcarcas of blodo molico ond eeandot nab only of Sho Lfuxdcontdd
focgrensy et o loopo mboy of Dovnoales. R omofthoe bicho io
£2204 o tho ozo-bledor £omp ll of Yo 034 hoseaden of Wo ozte
bicfio £oa vill bo coneolicd, tad tho ctrorsth of tho cvon bovouados
il o doudlod,
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Ecuotor tho copeodly of U fon heo dlso boon dmezorsl,
oz Uho ocan eopceily and 273 o scicvhat cacller olco £oa ngy bo
oubotituted. Tho not roovlt o hnt oll of tho 624 hoenonden of
tho pingle biedo gro olininoted omd O capiitads of feoquoncy
of the owon heshonlen oo ogsontinlly unchonged, oo mdiontod
&0 Pigs Be5.0 )¢ In gonopol, for symooteieslly opesod hlpdon,
tho fusirontol froquoncy 4o Gotormdncd by (o produet of tho
- mmboy of blefos oad rro.  Ineroooing S awabor of blodoo vill
podaco thy nmibor of cxdiblo hersoaien, buby, nsowning coasbont eos
poefly ond ppm, the stronglh of tho peanindng tomos will o
ooooatiolly uncheascd. Donco this w111 daeroéz:: thy ot rofce
tioanl-noins « the om ¢ €00 ocard pavors boing poddatod of ocsh
of tho digeroto froguonsico, Dounbling tho mwmbor of bleodes
doeronson tho potationol ooico chout 3 db.

gho thsvo oboorvabioms doe opply o comteifugcl
fono hgwing fov Mlcdos, Hovovsey o mobor of Mlofos of o contels
‘fugal fra 80 govormnd by optimmy ofefloy Govdgn, md tho nodco
gomezatica docrondos, But clighily, for nopo Shan (o oplicys
mmbop of bledon,

5 cheovd growsd a pEepallor £ra noy corvo o roduco
nolioo comnidorchly 4C 4¢ 2o voridn; proporly. Booovess 40 o
ficy brocko doun ovep pot of tho chreeady ho nofno ooy Boexs
condidaenbly worgo Chen fop o Bachrerdnd eonds

I oooo of conteifunol £ome, 4F tho oapoll clocerncd
introonos Fopidly, $ho noise of tho Dlefo pooping Crogwmey AnePOCacs,
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e Vezion [BI00 ge
(o) Qomrotion by DLoAot 3w

o blcdes oo o pajor ammafmmﬂm&m‘ Uhon
a Ma:!a noves theough the oir a mssn?n gecdiont io B:xﬂ.t up
oepess tho btledo in tho diroetion of ito thichnoso, I Sho odp
fioy mort %o tho bledo 40 olocdy, oF lcinayy tho fronsure groe
4ioat 10 osoouCiolly cenolmb vory 1ittlo noloo woralis.
Horovopg vith on fecorpcotly dopignad blclo profile, tho fier ooy
- topeeato fren tho gomon ofdo of tho blcedo, Shuo piving sico $o
fothor 1orge oddios. [woovory this point of coporction 1o
voriodlio, fonwoy tho peoocuro pobiorn a8 oddy fornabics Lluctants
ropldly oné ecyso eornidopeblo noise. Aloo Voa Kestien Voricos vill
b olnéd fen tho Cratling cdgo of the blodo oineo thio odpp £O08 Dovmo
o fintto thickrono, ERoso worticos oo ohod cdltornntoly £ron
oprosito oldeo of tho bledo, Sineo thoy oro Poada dn ofoo ond
poiat of volosso focn 0o blodo, o dPosfebond madno spoetiun RConlto,
oy gnind fans tho nadso duo Co coch Vortlieoo ircroacoo vith tho
thichnoos of the terdling cfine. Por esnteifogd Cow, this 30
roo cealy 42 the ale cooplotoly £illo ¢ho opeeo Botooon Cho Dledos.
Algo for amdal fons, vortor modoo inovorros shorply vhon the ody
- f2o7 &0 coeh thot tho cddfeo pooling £roa ono bBloty oo pisuch Iy
ths Lolloring Dlcfon. Thin offeet ooy by oininirsd by @ nes o
cagved tonlling ofneo oo Caninnd that ooot of o Vorlless oo
ohod of tho s of tho Moles.

ia conteifugel Lono ot hoving oisfoileochapod bledon,
Torticos con 1o epoated ot thy inlot of thh blcds,
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(b) pfpestroon Turbmlonso ge
toloo noy cdoo bo gomrpoted in o ode oo 20001K,

Zor cnreplo in o ninlog somn vhoro ¢ho air oteors cafors Folobivoly
otill ndrs Sineo volaeldly gyodionts onat ondst 4n the ndning
rogiony Torticos il crino. Tho styongthy oicop, ond wotiaa of
thooo Vortdcos ora o fuetion of tho voloeity £40ld 3n tho nindng
somye In pomornl, P vorticon grey, doeqy, oad nowo in ¢ Ponden
frohiony thmo giving pico to o bandsbend noioo speot;cle An
obvious woy of soducing ilo noloo 10 to avoid hish rolotive
voloedtion, vhon pocoiblo, in oueh niniag onad,

| Poriopn o topo comizollcblo goureo of turbalont moloo
‘o thnt duo o ebotractdons in Cho oy otwocy, oithor ob 4alol
oz cafloly Tin proconso of gy chapp odget o bomdo vRll oraco
fnorocsod tarbalomo cnd Mel00. ARoe, tho ploecsont of hoot
erehangers 000 mor oithor 9 fon datco o orimot w1l pogull
4n 2roponcod RAS0, '

8, Intoggorones Dodso ge
Pororfad oo of dofinito piteh ooy Wo ponopatced in
fono vhon thy vetco £vea thy dnpollop blefios inpiono on o obe
structioneoush ¢ o bedly lezotod or chapod enteoff in 0 contede
fuprl foa or vhaa Cho weln Rohird m obotzuoction 1o eut Ly ouceo=
28w dnpellor Blodes ¢ in o onicd Qlor op propollor £on vith
obztc op notor oupperbing berehots vhich rpo bafily chepad cnd
a3 ¢loco o o inpollor. Intopfopons nofoo hoo 0 0rnd
Leogrongy chorcstariotios no pototion noico tot doop not chow ouch
nodhed dipoctionnl offcots unioop tho oftobionosy obotsuctionn oo



.

pogulcsly opeoof pound $ho nuio. In ool €low £omo AITCol Dolies
tlen £ron tho docaliosd poscowrs “palsoticas ney By ouppleooniod
by palooo of dntonos veoton noise duo o tho mesontary drockdem
of alr Lloy ovor tho (fCcetod blrdod.

Peetionnr ccFon of indopforones noloo crict in onldle
fler fons vith upotrecs oF dovnnteors guido voaneo. The ofopdy foves
on ooth impollopr vann 40 nodnlotod 0f o £EOQUDRCY covRoDponiing
to tho mmbor of padds vmg and tho rosultcent dntorforones 4
potntion noino sontoins fumdeoantol ond hesmeale frogquensice ogand
ta tho movolutions por ocgend mnitipliod by tho muabor of innollcr
biclen, tho wembop of (mido venco, thoies oun ond tholy QifConaeno0.
If eanlroepoboting dnpsllomitoro plesed elodn onough topothor o
0o dnterfoponcs noing, Proderntel sod hamnoade £rogrondics vorld
ba procont oospospending o aoth bleds gamibor vith own oM
@fforcnes tomd. In cddition intorfopondo pablopns rovadviny
- Eod WMo refo vould como lov froguoney hunting offocto 1€ ¢ho
inrolioy opncde vore Ridhily roaqual.

8+343 [E2T=AINODXINNIEC £OTBCUS O DA 1OIBE ¢=

Thoro oro covored courcos of noloo that opo not
otricidy dus €2 tho covodynraden of tho fon &%00df. Ag Lop 0
peasiblo the €ra buildor dncovposotes tho boot owretld dooirm
fo cop theoo naicos o o oindmm. S0 of thooo ooy 0 4o 0o
<riving cquipsant vhich ooy of ooy not bo fuspichod vith tho £en
PrOpaTe |

$. Pon Uobplonel ge .
¢his noy bo o copiaen coureo of nodco, Uodnlmeod
okt in o oomplloto wibenlion oaco por povolubion, IL Oho £
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25 pinddly pownbed an oupporto thot oio goof ssund podictoro,
reo feoquonely Conoo iy bo pafiiobed officiontly ond Bo Qfficuit
L0 SUDIEOND. |

Por quioctonl opspation, vibrotion foolstion oounts
ghould Bo uocd (8ca Chepbor VI, ) oo voll oo flexidlo ecanoetionn
¢y tho Quet ﬁﬂfﬁq

2» Booring 0450 ze

Geod boopings oF0 DOt meceolly a courco of objoctione
chic adoo. Uoll lubricatold cloow bogrinzo 20 ofoctint quiotop
than boll o2 roller boosings. In largor nnito vkopo €00 £on modso
A0 highow, antifrioticn Locvings 2o Guito 00Li0Leoliory.

3. GBtroetupcd RooencEed pe

A vito poazn of frocuenaics i prooont in nont fon
rRodcos. If tho ororgy 40 o given Dond io hich ond eorprosponds
to tho antercsd froquonty of oo popt of ¢ho fon (gonorelly £int
poslo) tho rooulling modrc ooy bo podfictod officiontly. pddod
bpesings eon Do uvoad to palco the noturcl froquongy of tho poet
oz drpdng noborial ooy B0 arpddod Co 1C in oxdor £ rollnen o
Dotoo Felfoticd, |

4. lotor Dolso ge _

liodco of nr.gz:::iim orldn oy Lo pedictod by tho £om AR
o 40p01ier o nountod dépcstly ca o ooter chefle In 020 of
goterd vith buiit in £ous Lov 030ling, corcdynctic nofoo fren
tho fon noy b0 oppeceichic. Fowxo comiforctisn chould Do givon
£ tho @oign of notor cooling £t
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S. Coupiinsp and BolEo =
Gonorolly thooo do not emiributo nueh Lo Cm noled,
Por amp;iégn bottor aliproate noy pofluco tho oquedic. In eopo
of chain and strafshtespuregonr drives the nolos moy bo quite
loepe ond ohould b avolded 4f possiblo, ‘Puncw Lor drivo
Should Fun truo and woll balaneods

Phooo nolocen oo of cnoll nogaitudo o9 eapored to
tho porodyncuic noinc, Thooo aro Doost poduedd o o ointry by
tho propor eholeo of oquipniniy good dooipn oad nounting.

.30 GUPRET 07 AT PARATISTORS OO TUISD VO FEIPOTIALCS gw
sovepdl ofmifiernt attcopts to uocourd fon moicd

a2d polate 3¢ to fan opoppting chewoetopioties havo bocn ropaptcd

Qn thy litoraturc,

In 2 aticopt to Copivo ca copiricol roloticaship
£z ¢ cvorcll psoor lovo} for fano ia Sopns of (o hoooo peoop
ol Oy mobor of bledus of the Loy Polotroy ond Yosler (18) mooe
parcd tho oo eharpeterioties € b fouog 3 vene o)l od 2
conteifugol, one of vhich hed Lomad curved blofes ond thoe
oloP bacltward m’:m blcdosy Tho toot oy condaoted at covordd
gpcedn. Thoy areived at on copisdeg) foroula for ths ovoprold
povop lovwel of the fon culpat,

FUL = 320, o 17,7 Joggg (47) 35 logygepe @D
504 Xﬂﬂm vkt w..»m(ﬁol)

thsee BP o Hozoopswar doljvorod to the Loa polor by
0 & Duibor of £ca Medos,
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Bogeml and Mo oosoefnlno {316) roccused thy valuns

07 potad povor ool for combpifupdl oad voncemal fong. Tho

£ra naico urn goported oo ovorall Peor lowel podiotod £raa B0
£ca footord of ofoply tho socund pevonuroe love) oxictfang of oo
diotoneo. Thoe ooioo ves aloo cnnlyocd on thn oetato band brofo.

This eontribution veo quits pignificont In Sovorcd
os 3o .
1. 8inco tho regoootic povor lovel of b noioo ooureo
1o infopondiont of o diotomeo f $ho oboopvor £ren (ho soures o2
subotenSiclly indoponlcat of o cothed of ocsnrecont, tho intees
duction of cooustie poop lovol to doserily fon ndico nczoo pessibio

et of mocsuRcmSHts Ovon vhen oodo vith phypically

difforont orrongoronts fren 6ao lobarotosy to caothor,

2., Tho w0 of j:man* lowol for tho dosipnation of
£ofr notoo oloo cllovo O ropld oad oinplo eplenlotion of ooz
proosupo Iovol o o liotororio poottion vzothor ho o mop €
oF in o rocneto losction commoetsd only by oivconditiominz Guetos
(E20 nothed of colewlabing Shis Lo Goscribod n 5631)

s AL on oolovo Dend onolynieopnolcd opoaten,
o oot 4o oblainsd inlo W opoetnol qualily of Lon molco
vaich onnblos tho ceeneical dosipnof rosuntiond eootaont of
20400 econtral.

2o ogaahios 3.1 40 o lonror nood 4n $to origindX
formy XU Doo un@oegens oovopcl unpublichnd vorloticnan viadch
Sorotues c2Aitinnct aiczealoriotics af thy foa ooed oo thook



- o

Carootory Dlado G4 opoody otsy 4n oo obteaX €0 £2% Sho Docotsed
dabo pao clocoly. Tho ogurbien boco nryiéldy feon o prrotiord
ptonf padnd r2d froquontly osald ot Do wied in ontircly booocn
1l of tho infomation Fo@iscd Uoo ot pocdily cvolleodio o U
ortincoPs

Conteifonal Loon Ot 1.0 to €D hp voro tooted by
Depoechy Ropornes qad Allea (17) Co Corivo o pomordd oguedlion
for oo naico goropation. L0 horoo pomoy ves chooon oo Cho npdn
oporcling chcprotopiotic oincs thio 1o zocdily cvollchlo oo &0
peoplatos By of €90 nolor Grigeing o £ome Sho cwopoll poor
Ao00d von monosaecd cad PRobtod oondmt bp o 200 el RM
follcued tho 1oz,

PIL = 200 ¢ 10 log(EP) @b so 20”0 vabin.
= m&m‘&.ﬁ)

%ho opodiem obony vao oo ploticd,. 2o spoeting plopos off -
ot =5 ab pov oobaty ot o 2oy of lovels im oceh bapds o
choat o 4 . |

out oo gupvon damt indicots thet cll £ of
0o $E08 00 ocudlly nodoy, owch i not tho aoso. Fhowo 80 o
poasiblo opmoed of ¢ 4 6D in tho ovenoil o o Qarthor pesoillo

opond 62 ¢ Q@b 2n @0 opoelnn ovol of fedividudl catow
Dazfn polobico So Sho cocoered voluods

$Ro woo of toler Np for coleulobing L£ea £olco Lcelo
oo oRitieissd, oinmen 0o nolos 40 goratinog svorepabod in oxdoR
to c701d pacofdlo evorlerding. Thio 40 ospoolclly &meo 4n tho
eree of £omn vaAth foronmdl onsved Molode
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$ho fozn of tho oguation van cdloo oriticisod, oiroo £0
did not nelndo g toi cecoulbing for oproting prosoero 09
roquirod by they sound 1o for Poano fotomlatod by ReDlicdiosa (10).

Hith e fnorcancd Armportonco of hisgh prossuro oyoton,
involving proosuscs of 10 in. of vobor or moro, the guostien of |
proosupe tom Booorw oignificant. $ho soquircd oguotion {19)
bslowr opplios vhon tho oporotion proscure diffors significontly
froa 1 inch of unbor,

B o 1@@1@1%%513)@19303@ P ta &>

29 107 Ut veverenrencaelD)
Fepo P 3o tho cocourcd prosouro hoof coroso $ho fon in dnckad
of wotor. Simeso this ngu&ticn 10 inSondod for U oo only vhon
tho fen 40 opovating nooy oo officloasy, cithor oliabic op
total prodsure nay bo uccdy, tho differoncy 41l o only a
greotien of o doeibol, Tho pouor lowl fn occh ostovo bead
rolatiw Co tho ovorsll pewor Jovel 10 chom &n £4g. 9.0 for
vontidoting Long of tuo Lypcd. Tho chofod csoes 4n bobh grofin
givo tho onpocted voriation duo o vorions shopos of Wy £
blcies onf othor dotodlo. Tho ewwdll poror lovol 4o eolenlcied
wWing Dgs 2e3s

Tho toota emducted by poly (20) choy thed o goand
opooten fop andel £1cy £ea8 opo 0indleR to Chob chom 4n Pine3.7
Tho opocten GAfforn tmeh oo 30 ppoetva olovm &0 Pigs B.0. BB
veedohion 40 euito lopgo 4n Sho lowor Eroqrimedos, This 80 des
%o $ho fost that e (008 of Doly woro £roo £401d tooto. Ko,
tho ond poficetia lodo 4n tho duot 40 o fncivded . I Chis o



I
Geon 4nto comatdaprdion (hom tho opeteo chem by dettod lino Lo
obodrsd md nov tho tuo opoeteEn rro olneat fdontienle

Tho ovoppl) oound lowol norcurenonts how preduecd
oo wogy voluchlo pooult, Uhon abtontion 0 confinod to £
or $o o serios of geomizicnlly oiniler fons, osoo vory sinmplo
nofoo wolutiont am I oboorvode Fhoso opo cdilled tho somd lop
for fom pintlar o tho othor fan 1o,

5.5.6 0OUOD LAY FOR PAT3 (10,21) 1=

Tho ol psuce lowvol of o sorlos o« hmelogeus fong
ven found to be o function of fon 5izoy, opod, Gopccily aé peooouso
2 ghevn &n tho eolrows 1choled seoal lom Lor fond Tobhlo B3,
ThO coppeoptilding foa 1o oo dloo givon %0 onchlo $ho onginooy
60 ovaluato tho othor verioblos. Thoso ey oro dntondod €0 b
coplicd € tho overcll oomd powor lovol, bl noy , vith lingtes
Bicxs Lo conliod Yo ool Do onnlyoio. Thoco Minitstiono o0
ceanopned peincrily vith tho blefo Sroquoney. Octavo boml cmclyodo
gcdo uadop the conditicns of ¢hoso Ccabo shov thob 8o pock counmd
pop o 40 &ho ostavo Denfl dn vhich o Medo Lrogomy oceurss
If tho foo opesd i ehangod to ouoh on ozbont thot tho Wofo
roqeonsy S0 ohiPted %o o AiPforont oobovo Dende, 4t 1o moccosory
to 0670 WO pork pourd poter to SALS ot in the frogueney
OLO0tITI, l |

FThoro 1o7o hovo Boca famd 8o hodd Loz econgeifagel
oxd i fond evor oporating pongos naonolly oneountorzd in
cexorainl and fodugbricl woo. Propollor fonus hovo egrecd vith
tho cfosoncntiensd 1oy or om oworeld oomd pesor lowd beofs, bab
havo cham semo ovinticn 6 on ostovs baod powse 1ovol beods.
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| thy gound 1o Lo £o5 ooy B0 w2l 40 o2 eolovlobfcs
foz oguivalont polato of otins Brxv enly cmd, oineo tho Poa
couzdl psor lowol 4o not conntent Cor cll pointo of raing on (0
porforomed carvo, 4t 4o pecoconry o doftornidng osomd povor AcTod
ot tho point of rating of vhich U Lo 4o So bo wood.

A doablo vidth €on 4o ossontially Suvo £ond of tho oew0
oioo, opood and ooand povor lowoly thoroforo, 4t oompd povor loved
vill B2 10 dogq (2) or 3 & grontor thon tho oollop 020
Likcica, thy oonnd povor of o rmdti-stono £on 40 1020 then thob
of o odnglo otaje £o3 of tho oo eopcelly ad pRoncuro,. ¥huoy
8f o vinglo otoe fon 1o 00 &y the ooapd poovp lovel of ¢ 0lZ e
otaro foo So give ho O ofr o prosouro o mmamw) &

0 lcsw (1/0) © 7.0 = 18,0 = «7.0 or 7.0 &b loos {Leo §)s

3,3, PAT (DISE CAOACIEIISTICS ¢»

| then o have o siniloy goootedc ohogo thoy Bolong
to o oinilo, of vhol 20 colicd o heologoun corica. Curvap of
tho posfernanco chopnotoricdics, proscuro, officiomey, olG., oF
sozh o gopien hovo sinilor chopao vhon plottcd ogeinnt foa copee
eity, Thooo curvon eap Yo cmbinod by tho uoo of dimonnlonlono
coordingtos ouch oo protoubs coofficiont, V¥ o ond £l gooffice
fonty, {J , dofinod by tho oguotizan Je0 24 3.0

‘ -‘Emf‘
mzi;z.oi’. wloatty  ~ g ‘
¢ = AT ity C s (3.5)

vinpo P oo ¢ho peoosuso hood ozpeco O £oo 4n Axshoo
oFf k0P
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D &0 S Con tinol antor dichotor 2o £%;

7 &g tho fon tioel opead dn PO,

V 4o ¢ho outlot diochorgo volssily o o/A

¢ 20 tho volurs diochoppne in G

A o the onflot oeon of O fon oponing in fi;z.

Yhon the ompopicontel vincs of W 4 40 plottod
agodnot @, vo god o ofnglo cnsvo £ 4n Ti0.3.8(19). A ot
of curvos ocuch oo Cheoo applios mol oaly to ono fon ot vordowo
opaodo but o all Lano of o hmalaj;;qns corion oithin cleso
1in3to,

ool point of oporption doforninad by o valuo e 0
oboeioon of Pir.3.8 3o o polnt of rating, 4C 40 o polrt of opcrees
~ tion of thich {ho eopecity of o £o3 10 o glvon feeztiond (o
fyeo disghorgo copesitye At o given point of soling tho pecestmo
dowolopofl vill by g £400d Lroetlon of U bloghed poosuro, 24
thy officionsy of oporabion vill o g coxmlot for Al L£2o ¢f o
henedogmo sorios and fo2 oll opcods within tho novoal onopnting
Poe of cech fone In €025, £8 o gliven point of Pofing « L odd

tho oporoting chorectoriotifes of n hexslogons cerios will D
propoptionnl cecording o tho fon 1o

Novriting tho cound X7 5, w0 hawo
©x
R o FJZ,O & 1&@32‘} (QP‘J) m(aaG)

vhore BB o tobdl ctornll oeand paye¥ ob oaooa polad of roting
Ry, o coabent (@b) of tho pivon patad of Foting,
§ = e volu docheepo, GOl
P o Ototic proomro, in, of vnlon,
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' L0 @eatily R, f0 oclled (0 opoeific cound
poooz dovole 20 4o dofinod oo tho oound povoy lovol peelunecd
by o (hypothotieal) ncabor of tho soplos vhich vhon oporating of
o givon point of foting hioo o copecily & 1 GAl ob o stotic prooouso
of 1 in., of vetor, This is oindley to tho tozn opoeifie shocd (18)
07 a fon which chapoetorisos fang and is o £immd mentity e o
givon point of raWtng of o 1ike sovilos of fono yogovdions of &5
giso ond oprod, Tho owoenll sound porvy lovol of cay rochop of
the soxies of fons ot oy oposd or polnt of roting can b3 FOPRCe
oontod by $0o Dge 3.6y 4f tho copesity, opornting peocouro, r2d
opeeific cound povor lovol ot tho point of oporation cpo hnovm,
Tho opzeific scund poror lovel coleulalct from 4o mogsurod
GRrdl Riky 45 givon B Pize 3.8 plodted fn dbo ogofaot £loy
cooffiedont (10 ), prras thic curvs 4% Ao coca Shot tho lemnd volwo
of gpoeific gound povor lovel occurs &b Uy hoct dn tho prosouro
choroetoriodiic, 1.0 nocP tho podol of nexinen fon officicney.
Portunetd y, $% hopponn to bo gonornlly teuo hot tho odndom
coeunt of neloo i gororated moar tho point of memimm offieonay.

This point i bottor understood 42 wo plot spocifie
oound poop lowol oafl the gtatic effieiomy eoninot Sho apoelfic
opoods  Spoeilic opsod 1o Gofincd oo tha opeod of vhich o
(hypothoticel) fom dischorpes L GAU aoodmot o prosgure of 1 fn.
of vator, toticnatieolly, |

&
5, = 04
(8.7)
/) ,
B

thore 1T e fca potony U0,
Q = Aly £lov, OGN
B o gtofio proooura, 4ney 0f Unlor,



e obotic offlcionsy cozve w4l Do o Lmorted ¥
2l tho ppoedfic cound peop lowl cwyo vill By ¥ chapod.
Agedng of $ho nomdrmm ototie oﬁf&eﬁcm@ Lho opoedlico ocound
poror 48 n odnirea,

Uith ouch plo%s oo thono, vo eox roctily coleulald
tho ovorall pouoy lowol of o pivom point of pobdicg ol thomn
tho cttovs band opootfn LU Pifs Jebs

3.4 DDIGE PROD SlALL COIGRIPGAAL AT ge

40 fntopooting coprocsh Go tha foa nolco pechics hien
beon muggeoted by goldorn ond findde; (22). 8%uéy oa doublo snlot
eontpifagod o5 hooing o oinslo Losvexd curved blcolo dosign
o maﬂ%ﬂ in coavoatfional oesoll Daucinno, ved eorrpdod cnt Lo
ronturo thy mofso powor Fedicted £ron foa diocharpe o0 o fumeticn
of colovoedml, fom dlcotor, fon vidbhy opcod, bond copd £Fley fo
fann npto 67 dloontor mad 7° vilioe ‘.

It ves Qound thal Sho otarall povor lovol hed o lipocy
polo onchip vith tho stotdo proscure ot ohut off, (ho paproator
bodn: tho copoet rotic. At ohut oZf, oll tho Luao vhieh hied @0
oo eopoct potio rediotod tho ocuo nofno ot iy ocw otabie
~ PRADOTRO.

?hn ovorall poor lovol ven plobied vith s dictor
of ¥ thool of tho widih oa’_ £on oo vordablos of £500 QLCORCEC.
Ry voriction ves limce, Jimo hn ploto tovo lozcdtyic 4
tho feob thot 2o dota £AM10 ca otrnighS Linoo doplico ek
- polro peToP 4o peoposriioact Co gooo povop of Chn dicoolop of
vidih, o nogattude of ho pooR bodry dotomdned by tRo clopo.
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TEI00 CecougcTRs fmdicato thot £on nodso 40 ooporchilo

into too pooto, 0n0 coscoioked vith tho hoof dovdlozsd {(frem D
oound proor vo oot off oot ) oad (B otlnr povasintod vith
S fcy (feen tho sound pooop w0 dicator oF vidth ot firoo
dischmegeYs Tho formor io eollod tho hoed nofso ond fho lattor
40 collod tho flov moiso, The folicuiny rolabiors wvomo dopived
by tho olopo of o cuvwhy

o (3:8)

gy o G
. &L
vhoro €y 4o @ eowtml of propordiocndlity
20,0 2 10" gor theso porbiouler £oz5 4B PORCECACO 2%
I = SColic bocd in in, of volors
L =& gopoet potdo {width /digiotor).
(P} figy °© Co 35 .
L D
#7hve ko Co 1o cuallor camiont of pauperiicndlity Lop thoco
emp (22) = Gu2 3 30720
Q © dischoepo 4a 7l
P = Diceotopr of fray inchod.

(3.0)

At o cozfition botweom obnt off i froo dischospo 4
tho peestical oesd,
(R ot

a 7 PR Ry e 15:10)

Ty egletdntod voluwoo ozeoo wilin of o o @b vith
&0 nonoured valuss ool of (ho podnt of ramior officlonsy & 2.5 (D

PEs3 fon 7o wo hawo §
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Bred vepios oo (83:@&)2
Dischoyrpo variod oo optods
Thopofozo wo havog
Hoedl ROdnG (‘ﬂmﬂ)ﬁ'
8
ond  Rler nolso £ {8pocd)

Tho dopondeneo of £1¢v noino on the £1£%h povor of tho
air flov con bo covrolatod with the faet thot vortoz moloo doponds
on tho 5th onf Gth pouce of tho polabive wolooity botveon oy
ofr otrocy and en oboteslo of vaich vortieos aro famed., Doop
oimt off hogsd noiso dedinatos ol noce £roo dlschargo £lor modso
dezinates. |

S,s SELECTION OF LAY [DISE PAlS =

Uoing ouch o plot on Pig. 8.9, it 4o pooodblo
Yo chooso, £ron & hoaologeas gorlon, tho fon olso ond opocd fow
nintrmn noioo cutpat. s, £ren tho nimdmn 4a tho gpooific
ocoanfl curvd, tho quiotont point of poting o0 Gotominod, thio
dotornims o voluo of ¥ tad ¢ vhich con Bo usod 4n cquotions
ead togothor vith tho soquircd voled of prosourc oid eopocity ¢o
dotornine tho optimm valmdn of piszo cad opoode

Proa tho *Hofso from small conteifugal fanst
Yo obsorvo that flov noiso doersnses vith in incpoaning Gicotor
ond copoet patio (Bq. 3.0) « Tho sopset sotio io limitod to oo
nazimrs valus for copefynoaie goosonn, Por o givon hond, tho
hoed nodoco is dotornimd only by tho aspoet pabio md 40 cnoellond
for this given aspoct ratie (Cq. 3.8). Rofucticzmsin floy noloo
obtoincd by incromsing thoe fan digmotor, evo offoetive in podueing



o ) o

Chy Sotal mofce only 4 o £lor molon is approeinbls coapored
% tho hoed nolod,

Tho dicwoter of €m for vhich the hand nofso junt
doainotos tho totol mofce 4o, thom, tho optimum diesotor. It
turns out thot thy optirmn fon op ratos et the eximm offictonay
point on tho flov survo noor tho ko, .

Boneog

1, o lorge oopoed potio shounld bo opocificd,

2, Tho optimm dicwotor shoild B0 Found oithor thraaph
thoe woo of £ p&;m cqmlionn o by firding thel
fon of lozge copoet eabio o vhich tho opoeificd
haed ot Govr oceur nocy thoa pofnt of oomintn
cffieioncy,

It L0 cpporent thot o lopnt nodso vhich 4o posoible
in o popbiculer vontildcding oysten 4o dotorminod only by (ko otatfe
reosouro,s  84in6o tho mosco oty B nelo Anfofingtcly ooall by
incrorning ho €on nizos Tho Cooirpobility of hooping Sho ptadlc
oed ¢ o dndom 40 noe ay:vmnﬁ fraa noice connidorntions,

Tho nindoe nofsco 1o plao dopondont on the Cypo of Lo
T opbimm eabinntion® corodynciie ond ceoustic dooipn for o
£en loeding Co tho quiotost oourding catpud noico appoars fo bo
e hoving tho boot eoobdination of mrorous cholleT, Lofurrlecnevod
Dlcfoo cad (v levoot B4p opoo€ o9 40 coredyncaieally ond poestio
anlly peasiblc. Tho beelwnrd earvod blrdo £on c38ts 1000 BOico,
bat doliveso loon odr tmléas oporptod ot o highor tip opocd thom
tho forueed curvod bledo, Tho coapoaitoecurvature (SOVOLOC CUPTO)



e {3 o
blefo €on nordts otedy an Boing o poosible ocatidato for tho
lomst moloy bledo profilo.

3.6 COOLING TOUER [DISE ge

Cooling Sovrors, although gomsrally losatod outdoorsy
gonoro nolso vmch oey bo tmiasm beernoo £% noy ontor tho
bullding through vindous oF noy cronte o comunity o noighbenps
hood nsjso problots Rosults of noosurononts (23) oa nony evoling
tovors renzing from sonll froctionsl horoso porer sisos to ovor
80 hp unito aro oumeRincd 4n oguation vhich differs only olighily
fron oquation.

Ovorecll FJL o 105 ¢ 10 log hp db wo 102 catto
sesensnrsnss (Se11)
Tha outpat noiso opoctya ere siomilar Co thodo fop
coatrifuzal fens oxeopt that thoy £al) vith o slop of opprozie
natoly 3 db imstocd of 6 db Jectovo.

3.7 COIFIESPR [DISE ge

Tho cooprossor nged in tho gofz'igorat&on cireuit 4o
not o najor noise sourco, Sinco the conditiomod oir doon nod
cono im digcet contact with tho coaprossor. Bub thio ooy coaotie
tutos o major moise sourco in tho equipmont room ond tho viders
tioas may bo transforred o ale through the ducto.

The notor eenprossor coscably 1o uvoually posiliontly
nomntod on tho foundation, Homeo o ninimy of o foreds of
unbolenco aro tronooittod %o tho cutside. Thoe ecprossors oo
gomrally oquipod with oshemost intezo mufflers = vhich ean bo
asgumed to bo ootiofectoryd Houovor, thoro otill reasins o nofor
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coaees of 2:0e 00 CLopROIsIP VAICID (Cilton,  VORD
noico is mochoniool in noduro ond ecn bo nindndccd Ly propor doodon
of 4l valtoo cnd voles oprinds Sho volvo pofoo posossocd otEaag
heroonies « 2 ¢ o nope of ths hepconden clneot davopichly hop
o froguency ©op Vhot of ond of tho osonanson of o Ocvily
vithin tho comprooser houning. Honeo, otanding voves oro S0t mpA
inoifo tho epniag ool oo tromradtted fhrough tho oholl,

Covity sosenanzo con bo ecatrollod by dasredveing cound
sboorption fnto tho cevity. ThoSo rntoriclo dntredvesd os £41ltop
~ in tho 1iquid or gao linoo, Corvwo Lo rolueo oovity scoancmeo (14).

8.8 CONSE GRICRAION I BISGD e

‘ 45 5 hegh veloelty oir pesoos throuzh hoss eepeaonts
{czd for that nnttor ovor any projoction falo “tho ofr gtroc®),
oroh §n Surn 008vT0 08 om individucl noiso gonseotor, duo princeily
to ofr turbuloneo and vertoz ohofding, Ac o Fooalf, o coaddtica
in Quat ﬁyuﬁc:: ooy B0 poocched viopo R nofso porarptisn lovdd of
thy cocopononts bogins %o omecod tho cttopuated coand Jowed Sren
S fons ULth hich volesity syotcn bosaning coro provalont,
howovor, no&co gomoration of tho empomoats tact bo haovm o
prodict cocupatoly tho onpootod lovelo in tho dueto, ond ul%ﬁnntols'

dn tho cceupicd spasde "

Th> nodco gonorntion levols, for occh oetavo band hoo
boon otudind oo o functicn of wolocity for vomod olboun(25). En
gomornl, tho opoetrua oypoors to b0 brocid=bord i naturo (Ozeoph
for poo paro tomog) cnd £oll of intonnily 4dn tho hipghop Croqome

cfon, Sindlce %o tho grillo noise, tho mofso gomdention in tho
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hirkor froquoneico dnerornon £oro popidly oo tho wolocdty Smororscse

Tho noino gonoratien Yowol shovod o Dorkod incronno
4n tho lovey frogquoncics ith on mmo in cibcr pico Lo W
o veloeily. This ic shem 4n Pige 306

Por vemad elben of tho oo oizo but of dirforont cnrile,
tho nofsc gonovntioslovol in tho lov mmd nidefpoquencics rowpe A8
rbout tho semo for o givon alr voloeily. '

Tho offoet of dcsp:m!; rotio on nolso ponaratod 4o chom
in Fig. 3.10. T3 incrorso in tho pomoratod lowcd im v iowcr
fmm&r..B ao tho c‘:;pset gabio dnororsos onpoors 89 bo 4alluorscd
noze by tho dinomsfions of tin olboy ond ¢oanceliing dvch thea by
tho turning vamos theasolveo. Again o lopge volir> borndod by
tho duet Ualls for tho 24 = 6 (&1) coction vould prodoto tho
ozeitation of noxo lower {Poquency mofon, Tho Polotivoly conobtoal
igvol dn Cha oid froqrmey roange vith chea in tho papoet potio
ic ovident, Thoro is olight rioo 4in tho gonovatod lovol im Cho
hi-hcp frogeoncy bonds vith imeropso dn aopect patio. Tho ponoedl
lovolo goaain i'airiy conctont ovor thy 1o and mid-Croquoney
Pan20Ss

Tho noios genopation in olbovo io oignifieccnt only
in high toleoeily oir conditioning systca. In the ordinesy oyoteao
tho voloeitios intho duets poldes go bayond chont 3609 fpme Hoosd
tho roino gonoentod 4n Olbounds vory lov ccapeped to £on RHA00
ond honco anglocted,.:

3,0 UILIn 0180 :=
grillos oro tho oponinzo through thich tho colditiczed
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olp cnbosD o opecce D nofso oourco osenss ob tho Oeillo Goo S0
obstructions cauzoed ¢o tho flov of air by the fims in tho grillo,
Thio 40 o fopoatand wmécc- Docence 1% 40 locatod oysnd tho poind
vhoro troatnont of Gunt ez hovwo ony offoet.

3.0¢ (1)  Voloeity Dopondonco te
Ths molso gomoratod ob catlot getllos 4o otroasly
volocity dopondont. Pige S.11 chovs tho gomnd lowls mone ¢ho
gerille foeo for throo typoo of grillcs wo. grille foeo volozity.
The vide anglo grille C vhich gives a lcvgo oprocd (voriéiedd
vonep) gonorates tho moot andoo. Gville B (o homoyembd typo)de
vith a saallor appocd ic 10go noicy. 4nd gpillo A{porforatod
motal) vith littlo oprocd, io otill gam:*. Thooo eurvwos tORo
teloon G £, fean grillos hoving o £o20 cron of 0.5 oge £E.{(20)
. Tho cound lovolo vore Gotormined woinz tho A voighting not worls,
ho grﬂlel noiso por .08, of rPillc esre oD for oech ocelovl
bend bz a linoor varictlon vith tho legarithn of tho grillo froo
voleaity (34). Exprossed oothenatically,
BPFL, = o0log10 Vo ¢D (3.12)
viere o ond b oo eonoficate dopondont upoa tho typo of geillo
ol oetovo Dend of intorent,

SPLy © SPL, ¢ 0log .ﬁ..?.. e (3413)
H

vhaoro BPLG = opillo noi0c coosurold onporinontally,

10 logyg %2 = goproction to bo cypliod to odindn
grillo nofoo por oyft. of ece cFOC,

by © como con of grillo, Pt
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o clopr of thooo cuwved dnesonso in tho hiphor
extovo boado, fadicating thoroby thot ot bighor froquoneics,
grillo noive dneSoosos ot o more papid roto vith incrorsing
volecify. Tho nanboy of £ins por {nch in o grille hes g conoie
éopnblo offect on tho noioo spoetrs. A grillo vith cmnllor
mrabor of £4ino por ineh hove Sredeninomes of noiso in tho
loror frogquoneye Dands, end vith groator mmbor of £ind por inch,
tho prodaainnnce of nofoo chifts to Mpoe fsogquoney bonds, In
othor words grillos with proator ototie prosoura leso, contnln
grontor coouotie onoppy in tho hipghor Crogquoncy bando.

a;e-(a) Lvon REfaets e

If tho Lceo volaoity of a geillo 10 hold coastond, tho
totol pound povor rediated inerocsos in proportion to tho oo
of tho grillc. Rach tino &89 geillo croo 40 doublod, tho sound
lovel in thoe rooa inevopsos 3 db, Thic bohavicnr 4o ¢ho sCouwdl
of tho imeohoront noturo of tho multiplieity of tusbulcnt Coureos.
If tho volomn of oir ouppifod by o grillo 1o hold conofant mé
ths oson of tho grillo chonzed, tho souand lovol chones naskoly.
Fig. 3,12 ghows tho cound lovel wrous geille avon fop throo diffe
orent volume fiown,

Ialesplicity of Grillos g

If noro thon ony prillo supplics of oxhrapts Sho ol
in g roon, tho pound lovol in tho rooa vill bo proportional fo tho
ceoastic povoy podiatod by dil tho grillos in oporction. Tho
coleulation of tho noisco lovoX vhon tho nolso lovel of occh of tho
geillon 4o hmoom poquiros opocicl ealculation op Sho chort in
Pige 4o3 com Bo wood,.
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Hence the best cosbination for producing s low
loudnsss rating of grille noise, 1s a smd ler number of fins per
unit and a low static pressure loss. The velocities are to be
¥ept low, but this is governad by the availability of space.

3,10 NOISE TRARSMISSION THROUGH DUCT WALIS 1=

The transaission of noise through duct walls
varies greatly with fraquency and with duet size, shape and
matarial. The trensuission loss (TL) of duet side valls cannot
be realily predicted at single frequencies but T1 estimstes can
be made for actave bands of noise. At high frequencies (i.s.
those for vhich the duct panel dimensions are larger than a wave
length) the 7L of the duct wall mey be assumed to spproach the field
noss iaw {27) glthough there msy ba vide departures from these
values, PFor lower frequencies the TL is controlled by stiffness
and is therefore, greatly influenced by any bracing mbora..

The sound pover level of the noise passing thraigh
the wall outward to the surpounding space may be estimated from
the followsing approximatec equation (27).

Pily, = Pilp = TL + 10 log,, _%';_, e (3:14)

vhere Pily = sound povsr level of noise transmitted through
duct walls in any atave frequency band,
PLp = sound power level transmitted along the inside
of duct at the begimning of section of duct
considered (in ths same octave band)
B, = total srea of duet wall for section considered,ftZ
. Cross-sectional srea of duct, £t

>
]
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In oo vhoro 10 Xop 811 oeprocchon op lowpor
thea tho ¥L of ths duet vpll this ggm@ammeim no loagor 40 valsd,
tingo e Rilm eowmot czeced tho Rulp thich veo origlionily
dmnido tho duet. Por puch o condition, o rogoonnblo anprenination
0 to nomumo thot Bl fo 3 4b lops thim Fifly 5 &#00p holf tho
vound 4o Crpaomitted theouph duet valdlo,

Sinfler eoxlB0srationd apply fop troaoodosion £y o
oo into o duet, tut horo tho pound proscure level inoido tho
Qust (SPLg)is colenletes £ran tho cownd proosuro lovol omioting

- ougsido tho duet wall fﬂ?&b}. Thor Cho sound powop lovel of W0
rosulting cound in tho Guet 40 aclenlotod £ ¢ho gPLg § (29

SPL, © GPL, = 2L o 10 log.(d o iﬁﬁ ) eoome (3.15)

"L = Sroatnicofon 100 of dust cido wall, b
4 © duet eroon ocetdcanl crop, £62

8, = Duct vall oron OZposod to mofoo, P87
0 = wo(iq*zﬂ)
2¢ g
o 28t By
20 ¢ &

o phoopption coofficiont of duck wnllo,
o ofvcetive ablorphtica coofficiont.
R = 0f€ caontity caclogous to *Rooa conotonmlly

Tho choorpticn eoofficicat  Lor tho dvet vnll 0 nedo
©p of rn cboorption Guo to eny teoacoisciond oound botk into som.
The part of @ ¢o lining con bo found for tho cecusticdl
chopeetoristien of o ootertal. Tho past of 4w o teonciisodon
io oinply cotd a3, (?W)‘?_, It 29 uoually nogligiblo for 1amod
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Gueto oneopt of 1oy fPoguoncios, but 1% 40 pot mogligitio for
unlinod duets vhon 8, 4o lorgo eoopowed vith 2A. Uroopping Sho
cutoido of o duot vith thomol nmmlotion inercesen tho cbloEplicn
ot lor froquonoioss Por large duetsy veopping bay prodeco cn of
0.1 in tho lovoot two eoctovo bmado but produeos nogligidlo choaro
ot higkor froguoncicos.

Tho sound purop lovol ontoring o duot ond trovolling
in ooeh @iroction clong tho duet £rom ¢ oxpocod opog 4o coapated
£raa tho séx.i by cddinz 20 10330 A. ©his ooction of duet 40 thed
treabod op o 2oiso goures heving thy coleulated poror lovole Tho
noiooeporor lovel &n cosh cotovo Drad of his soured oon bo cdd~d
to other noisos ot this point om o posuor loval bosis whoa both
noioes oo of a ronded moturo. Ioover, 12 Sho tromsmitted moico
i3 cpoogh or othor intolligible noico, 4€ mot Lo hendled gopepatoly
a8 o eross talk problcy oa tho boois of priveey md opocch ntollie
pibility,

Usn dusts ¢rovol porollol to omh' oflnr in clogo
praxicity, o $n o duct eheso, nolso noy pono £vea ono duek to 0
othor through tho duet wnlln. This typo of modse teansfor Doy
Bo partdenlorly copicrs viopo laoge Guets thnt copvo vory quiot
£2agsy such o3 on oMitordny o broclecsting ctedlo, pooo mozt to
ducto corving lobdlon c2 othor modny o3,

3,11 DWIUSCR [DISB ge

f0ido fren tho dnfemation furaichsd by qiffurop
newafecturers, o thoir usorn, an oound lovols gonopoBod by cip
diffucorg, fov othor date aro availaodle. Roesnily, howavop, o0
toat soowlio ca covaral Sypoo of eoilinz adr diffusors hevo yiocldod



¢ w 30 »

o oobisCratory corrolalices of €ho dound pomoratimy chczcotoriotios
of thago doviecs (20)s Sha dolap eovordng collin: &iffusoro
roaging $o gizo feon 4 to 18 fnchon mel dlesotor, chov that
tho ovorald) gound povns lowel (£yra 75 Lo 10,000 apo} em o
found within £ 2 &b by tho oguation.
Iy © 1005, &g, + 60 108y Tpe = 2 4b
mcsmuncucme( 341G)

vhoroy
L, = ovorgll sonni powor lovol in tho oovon

ootrgo bmmds fron 75 o 30,000 epo, deedkdls o
10~13 vasts,

Boyn © nindoEa £lou opoa for the odr pansing thpovh
tho diffuser, osquora fools Por undomnod €loy
tho ninicon oron vill noroally octur dm tho
aifpucor ek, thoro for dompod flor it will

cocuy ab tho dcopor position (800 Pig. 3.15).
Vg © Donimes ode voloeity (Q/GD Anqgnl)s £8 POF CCe

Por coiling 4ifCuooen of conostypo conotruction uncd
in conjunstioa with doflocting vamoo and o donpory g, 3.13
peogonto the opproximate octave band speetsun olativo to tho
ovopall PYL oo givon by tho above oquations, Tho curves of
Pige 3,15 ngroo vithin opprouingtoly 3 db of the octavo band
data collcetof on £-12- ond 18ein, noch dicator ceiling diffusorc.
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| A critorion §o dofinod oo o otenford of Judging.
foiso control eritorin providos otondards for fudging tho
efieoptobility of noice lowolo updor voritac ¢onditions opd
for varicus ppplications of opneo. |

¢he eritoria ootobliichos o pucoptedlo moise!.
10@923 for tho apoco Boing quioted. Tho purpodo of qﬁs.oting ooy
Bo to p?cae e&m eixvirancan‘a ¢avourchlo %o theso coeupging
them, {n conecort hdlls Caowournblo to the listenins of maoie,
in bad voous for eafortoblo oloopy cwd oo forth,

Cele In rost molso problcas tho mogsuronont of nolao 4o
cogontiol in providing informotion vhich till oid fn tho dotose
nination of nropor noioo eontrol ropowron. Tho opocific naiso
Boasurenonts vill vary frou problen to probled. 'Bovover, rogardlost
of vhol noasurononts arc rocdod (o2 oy e only Bo dotosminod

by considoration of tho spocifie problea), 40 &s dnportzat that
thoy con bo obtatned for ths oimplo rooson thot cloquoto noloo
coﬁtzol tootures cannot bo sonsibly offoeted unloss infomnation
thoat tho nojso to b conteolled 40 cvalloblo.

Tho bosde moice oP peund mocsuring Enotruront
oad ¢ho omo moot caxmonly ucad 4o tha sound lovol cotor, Docoge
tinlly, 4t connloto of o nicroihond, o calibrated attomotors
on oloetrbucrplifior, cnd on indicating notor (Fige Cel)e

Tho sound vovon oteiking the nloropheno oro
. iyl batets Y

PR A . Y ”_ W A SR e Ma o oa L Beam B oY



? Iierophons

Colibrted APpLAfior
Attomuator |

)

Inﬂicatin@
[otor,

Pige 44ks sgggﬁgggl héooggrfiasrm of o
| t£hoso olostrierl oipnnls oro goplificd cnd fod! to
on dndsecting notor vhich 15 colibrotod in ceibols, To cound
lovol motor rocding 48 aa indiecation of Cho tobol sound prosourd
lcwal in dcoibols Po 0,0002 Qymos por oQe ey in tho frogacney
reacd £van 20 to 10,000 cn, Thoco inmstpemonts insludo en
cloctronic voichting motrorts vhich doecmphnsises eoptoln LrogRonoy
portionn of noigoe Thoro ase throo voishting or E’méucrxey PCOPOZBO
chrrestoristies providod dn tho instrront (35). Fhoso cro ode
toinosd by voighting metuorks doofgnnbed adb AyBp ond Cs Thoy PO
oloo roforpod to o5 ©40 dbv, "70-4b" anmd £lab rospoctivalys
Roopensos Ay B o € epolontivoly dicepininate enainnt lov and
‘high feoquonsics in cecordoneo vith cortodn ogualelondnoos coatours
07 Pige 4e8s Osdincrily, A mot vork is uood for cound lovolo Bolay
§3 @by B mot vork botiroon 55 ond 85 dby, ond € motuvoss foz Iovolo
ghovo 85 gbe Por cctcvo bond onolysis tho € op flat ceclo 4o
need vhoro tho sooponte vdll froguoneios 40 tho 0.

Althoush tho ooumd Xovol ootor 49 ra uscful inptruizont,
4% o 1anited n that 40 pivas only o single rocding ecvoring tho



.
SEOETRCy Feasd of T3 €0 30,000 eps. Thio rocling o endlod Gin
Bowornid rocfilnge Thio rocdiag givod mo clup Co I fROgEney Gice
ritatioa of 3o moist. CGooplon comeds ol ooicos C3p=0lly eamtodn
fxogueney eoaporonts of corordd o pll Sroquonnics wilhin Chis prar.
in cAlition, tho coludd distribution of tho pound prospuro with
sonpooty  Sroguoncy Gigfors for differcnt nOI0O DOUDCID

7o odtnin S0 froguoncy Chonlysin, omd OOployo ¢
fastouont Inova oo o froqeoney aaclycor. 7horo ofo covorcl Licls of
oxlyoern avoiliic, cieh oo tho oslavo bod canlyror, Cho $hird -
cobots bond prolycor, off covorol Synos of novrovebo:i aaclysors. he
ecbowa bea gaclycor @ividas o fsoquoasy roage of £D o 10,000 epo
into oight froominsy borlo, Sho hipd oflctd Dond 35 enmnesad of 84
baafls fn Shis 2.7ty 2 £ porTer bond canlyeor qllers feo pocflinge in
G eeSporitivoly ooeror Soqussey bead contarcd o oy o.seificd £rogions
cy over $Lo Cniiro LIOQUORLY Poasts it o STogucary oodycor In tidoe
gpropd use todny 4o tIv oeloe bond caplycor. It 40 oMbl in 0
nojority of copRiciisns uinrd eoabinon vilselon!l el 23 €20 Lornis
N2 eodtodn nolcs probicos or v o nos0 dolalded Anforurtion io
fogaired,y 20 o0y o mocessary o eopioy oo of ko cndlycsro contioned
ohova, or £oso opelolised ol

In Mne .8 oo plottad Sro noico opecton oo pocd
on £ octovy Lend onolysor. Thuse opooton ot coomnico of Sypdod
modoss wich ono night cozourndor in prroticse Oroetaws A fo poolfenle
actly 1o feegoney dn notog Shat 40 o A% oo 805 héoreot ostovo
bord Jovals 4o 800 lov Sfromeeany Uonios In coubeont, ssoobteon D Do
its bighost beodl ovole dn Sho bisk froquoncy bonlo. S0ed U0 cpoeten
hooa Boon ohoran Lo $hio onoomlo ooy $hty sopsosent onbisly
Aagfosont DInT of pollots Opceteoy O oisch ¢ pogscacut
a 9roce® of a d8neol Oty ol
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opoctoun B tho Yhiop® of o conproncod aly jot.

Yhat woald ths sound lovol notor recd for oach of
thoso W50 nolsos? To dotovnins this At 4o nocosooyy to caleuloto
tho ovordll lovols for spoctya™s A and Be Tho overcll 45 obtofmod
by odding logovitimieally ¢ho lovols in oceh of tho setave bandn,
The cdding prescos eom bo fiorfozmod oesily by uoo of V4G 443s
Por inotonco, far spestvuma, tho lowls 4n tho 1ot two bunds
57 ond 59 &by cdd to givo G) dbs Tho nozt fvo lovor bondnlevols,
G2 cnd 06 dby £0Col 67,5 db  Adding troso two totols roonlts
in & lovol of €3,5 db for tho uppor Lour ootsvo bonds ond sohn,

Corrying this esleulotion to soaplotion, wo £ind thot
thy ovorsll or Spoetrus 4 4 84 db. 4 similor enleulation would
fovodl that tho ovornll for oyoetiun B 4o oloo 84 db., Thoroforo,
although thoso two nolsen diffor cudidly, hovo oot bond opeoten
in diroct 'aoxremnt %o ono mothop, omd vould probably Poquire wory
difgoront noioo controd cocouren, tho cound lovol nator op ovorcil
Pociing foz occh would omaetly bo tho scwos I¢ ohould bo eloos
theny ot thio point, that ons ecn bo fonsoachly eortain thot o
noioo control otudy bosed on o fxoquoney onalyois,of thy moino
pourccs involved vill rooult in o mmeh more woll bolaoncod polution
thon ono utilising only oworall lovols,

4.3 ACCDFRABLE AND UNACCIPZABLE [DISES ge

Dofcos osoea S0 £all indo 4ve cabogeriooy thooo vhich,
boczuso of tholr chapestor, oro coeoptablo, ged thoso vhich oo
uncecoptablo, B oncuplos of tha forop o 3 $ho ruoblo of
ving in treco, tho pottor of roin on tho poofy, thy rumblo of
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@oteat trafficy thy blup of o iovpo nmbor of wicoo, cueh rs o
coneort miimee of intornisofon Uino, Ond inporteat oncplo of
oo “uncoeoptohlo” nofso 46 opcoch fntonding foto vhod 20 ootcnoidly
o private officoy hems or dormitoyy Pomie Othop onrples oo th
- po® of tho moichbouptt powor Icrmiower, tho thinmo of b
noighbours oir conditioning ecopsosoop, oo tho sound of tho
coipghbourts oghomot fone

O0ftony diffnoor moise crd odollor nrehealead oquzg::m%
sounds e oloosificd by She listomor oo Pcecoptoblo®s  In ouch
eases the diffusor nofao 40 usunliy blondod vith Adotan$ troffic
nolso oF offfco cobivity moico. Othce timcs, G Aiffusor mALCO
io dofinmitoly uncooopiohlo.

-Y:Ylmn noiges in o opeso ovo of oa “cecoptoblo®

chopetop, tho 1istomr 45 usually mot cicro of those oxioteucos
Annoyones £roa guch moicos 45 uoudily ooall unlonn thodsr 70l 4o
gEont onsagh o dntorfore vith ecoavorsotion of 4n Soo ugy £oped
thcasolwo upsn tho lictoroztn ottontica, Uhon m nnceeoptoblo
noino Antendos o opoco hoving a ¢ordolin lovel of wécﬁm nodnog
o pesulting onnoyoeeo 4o ofton dotornined not by tho lovel of
ths anascoptoble molsoy but rathor Dy ths napgnituic of thy
difforonze batuvoon o cocoptoblo and anceeaptoblo novico lovols,

- Tho cecoploblo ciowat of oir comdtiondng modso vordeo
greatly doponiinz apon tho wioo of tho npm cad tha pooplo
¢icupying 8. thaoles 4 wory lov modoo lovol con bo tolopciod
v2op0 maode or opeoch 40 Co bo poproduedd, to avoid hoving the
© 1o4co obUsefo into Sho Gyncnie pongo of wﬁ.c?-u Tho soquircaonto
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arg only slichtly los:r; onegting viroro tusie 49 to bo ployod 1ivog
0o in mditoriums, chuechoty nuoie Focns ond heoe 18ving xouod.
Spcoch Coonunicatiom Spooch cormnieotion 1z ot 4aportont
roquirenent of nost roos uson. Bub, the background noiso lowol
thich con bo tolornted vordcs greatly uith differont appliections.
8inro peooplo ozo difforont, oo oingle nethod of eating nofoe will
suit all. Age of tho lintonsr cnd his occupational and nosdienl
hiotory offoet his horring. Flustuations 4n hoaring can bo
Snflucnecd by 1otk of aloop, poychologlenl stato, cad tho éageoo of
pooontary clowtnange Thon f00, tho guality of noise is mm inpeds
tant foctor in conoymed. Disecordont piteh combinagtions soumd
unplocoont mocrly to cll oorde Pupthoraore, tho neoking offoet

of tho bochnpound or cxbiont nofco and tho nothod of listoning aloo
affoot thy coast of onaoyiney folt by tho sorns '

’ Obvicunly, 00t oll €hose feostors ean bo ropoured

crfl procontcd oo o olinglo figuro annsycneo ratins. Sovoeol
Rcplo hove mefo dovontinabions anf havwo proposcd eriteric boood
upon $ho ovaluntion of aifforont proportios of sound including
loudnoos lovol, opoced intopforonce end armoyences Borancek hoo
propontad Wo rolated eritors, vhich b hos eallod ™olne eritorin®
(10), Thooo erpitoria coobino a opeoch eowmmunieption eritorin ond
o dcudmoss lovel ceritorion, oy ooch of thon vill by diocvsacd
40 ho folleing pagos 4n dotails

4.4 IATDIDSS 00 LOUDILSS IVEL CRITEAIA 3e

During tho pant two doecfos govorol mathods havo apporred
i tho litoraturo for caloulating tho lcudnaooof counds dipcetly
fray thoir oound proosupo opoctra, In Choir clnssiedl vork on
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loudinos, Plotedor ond fumsos (C3) dovoloped a oolloeg of gplowlice
tica sudtablo for doformining tho loadnoss of cooploz Soooo L9003
tho groguoncy spoatruie Tho loudn2so of o csatinmsus opcsimes
mioe ooy bo galenlated by tho praeccdare dovolapcd by PRotoior o=t
Iunsca. Boed of those ootheds i saitahlo Lop tho popticalor Iind
of noioo for vhieh it veo dovolopody @4 onch 29 gsecoraat
eDorssd to uste

In onzicocping opplicaticas o oioplo obfuetive jpeeciase
for dotemining tho lovfmess of oy typd of moiso vith roaszacslo
- ateupocy 40 ©F grocth valmoe 3ovordl yoaws c3o ta abicapt ves nedd
in Chioc dircotion by L.L.BorumoK: mad AF3 Fotoroea (37) boocd oo
tho oapily vorlo of Plctehrz cat [lanoon cad o ouggestlica contnlesd
in o popor by Churehor ol G433 (33).

4,4.1 Tgaivelent tons oothod =

The nethed puisootod by Dorzec: (22) 1o vopy eoboecec?
ginso A% noods opocdal £i1%oro for oond canlysis. Oinco (0 cotowo
bend analycis of nolse 19 wocdily czaflcdle, $ho mothod of ociowlcs
$inz ths loudnons level was noddgicd by Tyocop and [nks (£2).

Por thio o londnsso choet o neSo woo of, Tho leudmoso
¢hort with m‘bmﬁ of ogucal prosoure lovol ia cotcko boxln fo
ohevn 4n Pig. 4s4s Sho proosuro lovol conlours oro pletlod obf
10 @b indorvals, - The voriical grid coordinatcs oo loudnooo
valzos in copdos copcaed dn o logordtioic coolo. o eoatrouxo
of cguol prossuro lovol voro doriv d fron the Cmrehor <ldng cqual
doadnoss contoars by £inding tho loudnogs lowal cerpcoponding 9
tho colectod voleos of lovel of ¢ho bomd ob tho ooon froquoncy of
occh bcalls Tho eosrooponding veluao of loudmoss lowol in phons:
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io plso cham on tho right of thy oo chopte

Tho proscduro SHr dotomtning the lowdnoso of cowrd by
uso of tho loudncss chert oo follows ge

1, looowo the 8PL in db in ooch ootovo boaxd frea 87.6
- 75 epo upto end {ncluvding 4500 « 2600 eps.

2, Plot tho obzorvod cotavy bond sound levels on o
colour fRoply otem in Pige 444 uoing tho prosouro lovol contooes
o Cotormino tho voptienl coordinatos £or coch oetave bond,

3. Usins the lcudmazs grid, vood off the leouduoss
voluag eosvesponding o ocoh point plottod,

4, A4 tho in2ividucl valuen of loudrmoos to obtain
tho dotal loudnoss in $omen. 1IF desirod, tho corposponding lovol
in phom O b obtainsd o3 tho right hand seclo,.

Thd chort 1n Pige 4.4s hos 2 cAditioanl fooburo vhich
in of great voluo to o cceouoticnl deoiofpre [olso molysis
plottod on sueh o cheet indicato tho distpibationd® “londncao®
on {ho mudio opeetrnma dn ca cooily undorptond geophiccl forme
Tho highsst polnt of tho groph fo tho lomdoot pointy o doninomt
froquonzy beefd 45 1dontificd ob o gloneo. In comdrroty Tho grovh
of tn octavo bend mafco cmalycis plottcd dn the convontioanl meanore
db vo froquoney « (039 not gomopnlly havo tho loudest froquansy b
#12 highoot point of tho greoshe Tho pieturc of loudneos dlotoibae
tlon with méh a graph 1o ololoedings

Freos ond 8onso eompared g=
Tho phon loadnops givon a trao ronk opdor pating o



P
goundn Mt it deon ot givd o e palative goting. 4R 4RCT0C00

in levdmos lovel of 10 phono tdght pom o tonfdld foopoesld fn
1cadmos oz it night corn olightly noro thon doabling of lendnsos,
dopanding upon vhothop Tha pound 40 in tho 1o lovol o Cho hidh
lowl rangds Pife 4. cloo choo tho polation Dotucon tho lsedmnos
end loudnoos lovol 4n phonn. Tho loudnops units aro acmod “sonno?
games oro oinplo units So dool vith boecuse thodr voluo i ouch
thot 20 gonoo cound 49 toico o3 loud o 10 oonog, mi & ponoo coand
ono holf o8 loud oo 10. |

LINTATION OF BQUIVALDOZ TOUC [IGTHOD ge

ho oetave bond oquivolont tomo rothod is cubjoot to
orror on cortsin typoo of moice vhich oo oo larzo to by mxdccted,.
If tho noldo hoo o emyponom® in Sho £ipot oetowd bandy, 40 lcudnoos
con vory oo rmeh on 100 poreont 4f tho froquonty of thio ceecpoaont
chempos £voa ox2 610 of o hand to thy othor, althoigh tho coORe
ting proccduzo chors no chonso in loudnoos fo@ thio froguoney chift.

Anothop source of orror begcnos mmﬂn{: vhon tho
£4rot Wwro or thyroo aetaovosednteribuls hoevily to tho loudnoos cad
tho ronnining octovep are mluﬁivaiy,%p@tm.. Undep thoepo
conditions tho total loudnons will bo ovorostimoted, on ths othor
hondy tho $otal loudnoss Uill bo urforeostimatod &€ tho loot
theco octavos contributo hoavily to tho loudnsss of tho moino and
tho othoy ostoves cxo of losgop importonso. In ouch cuses o
corroction io usuglly eppliof oF thy oquivalont noiso nothed io
uscd,

4,4,2 LQUIVALRIZ [DISE IBTHOD (41442) go
Anothor mothod of cooputing loudanos is besod upoa



e
cocourconto of tho Iendnoss of bends of 90ioo ond io duo Cp
gtcvons. (1Y Tho sopull of cueh mocsurencats axo plobtod du
Figs QB wnich sm loudmooo o0 o funstion of prosourc lovol
of ostapo bondo. TRy omapatotionsl procciuyo is avplicoblo €4
spaetrs thot axo ronoonnbly contiaoncap. Tho pposodesd 5 ¢ FElRCIDge

3. Tobnlaln b nound proocuyro lovols in Sho
voriown bonds.

2e Tind tho i1;dmono corpooponding %o occh bond
£rea Tins 4.5,

8e Tho 1032030 of tho bend hoving tho grootost oop
of oeaon 4o loft wnshanged 4n veluo cnd tho lowdnoos valuoo of
tho rooaining bands o0 multiplicd by o eorvoction Loolor of 0.0,

4« Tho totol londnoss of o hoisey tho sun of the
loufinons valuos of tho vepicno bond oultiplicd by thoir eorroetion
£co%0P,

Bappostod nothcaoticolly,

Sg b1 Smﬁﬁ‘ai 28 ‘?33) PR Tp———— ({‘:.1}

thoro 8 © totdl loadwns,
4.8 v fuhn loadroas of tho loudeot bmd.
%684 o 8wy of tho loudnsos of tho meapining boaoe

Thic nothed of cnlenloting lovdnoos by Stovonto
procciuss 40 univeroally occoptod oo tho obomdoed, Tho Intope
nntionnl Businono IMeshinos (IBD) of U.Se0sy hove publichod dota
tho leudnoos of vorlous aabtogoriso o« nochinss ond oquigneal ool



o0} o
tho enleulations of 30uiNCo0 afo bored oa thy 08ovont'o oothed,

Tho cpitopin boood e @0 dllisroblo icadnaso
voluoo ovo given 4n Soblc 4.3 for voriows opplientions of o
air conditionod opoce (49).

4.6 A = BOULD IBVBL 2

This 1o on approzinato oooouro of loudnoos. This
pecouring rmothed has ¢ho cdvantato of o4aplicdty oineo tho pe
oound levol 1o obtninod by o oiflo poeding on the sound loval
Totor. Sineco the p-secle woighting do-onphasicon thy lovw
fmqmom pertions of o nioo gpeelo), this catecticelly
ecaponpates for tho lowey oonoitivity of houn o to 1o
fmmnﬁy counds,

ror poonls heviag o brocd £soguoney Bpoctenn (oveh o
~ odr floy noino), on osbinato of loudnoss lovel ¢ za bo ebtoincd
fraa pesound lovol moroupcmonts by tho approminato oqation.

Loudnuss 1ovel in phond” o feSound lovel Sn db o 32 ¢ 2

Locoupcoents of the f-cound lovol eon aloo bo uood to osbinate
tho appromingto e dowok (soo later)y 1€ no ootawo bond anslyros
io avoiloblo (8).

flo Iowl in @b o f=aommd Jowol 0 db e G

pooign epitoria Daocd on o A-sound lovol 40 givon in gablo
.3 Loz differont npplicotions of tho spoec. Sho wio of thoso

valvos oro intondof only for Judpcnont of thy cecoptobllity of
the modno 4n tho oproeoe Por Cho puepesc of propopr oyotcen donipn



. |
ond Cor the aanlysio and posulis Clo use of Gound povar loood o2
oound prosguro lovcl en cn ootaw bond basio 45 drporabivo,

4.6 SPORCH IUREAVERCICE IZVEL (44,45) ge

On2 of thy nost sopicus consogquoncos of noioo io thod
it provonts un froa andoratonding vhot othee psc:pla‘ oro opying,
vhothop thoy oro tolking to uo diroetly or tolliing ovwor o tolophomn
oy pablie ~cddyoost 3 systons Tho undoystonding of opokon vords ip
dofinod ro intolligibility.

Intolligibility 4o o paychologieal factor md poycholos
gical techniquoo oro voguired o o3ooure 4%y bat a opcceh ecamnie
eation comningo of oqni on tvhieh nany physfe ol nopdurcnoms o
¢on b;}‘naﬁé.‘ Tho noioo loval that epn bo tolorabed vories FOolly
uith diffﬁront- opplientions, dopanding upon tho distoneo botweon
tho spogtor md tho listonor, tho ceouwsticcd charcotoriotics of
tho roon - and tho dogreo of facility of ea—mumjcation roguircd,

| The froquoncy eonne which io inportont bto spooch
intolligibilaty 1o approminatoly fray 300 to 6000 epo. \hon tho
Aorop ond of tho dynemic remro of tho opoceh pound drops Moloy $tho
boeltground lovoly tho intallipibilaty is doevoosod, end tho cacunt
of this docresso doponds upon tha portion of the dyncade ronge
vnich is poslted by the background moloo. Adddtlonallyy spooch
intcilinibility 4o 1inited by tho sustolnod Povesrboration of tho
opdetsben.comt valéS fran tho proecding oyllabdlose Tho offoet om
opaoch intollipibility 20 tho mogult of tho pdditien of beghkgroamd
n0450 and tho weimm povorbopent. ospoech poico. Coleulations of tho
rovorbopent goceh lovel bave beon aé@u for o mmbor of 0izes of
gocas vith tho opookor and l.mtam mor apponite ondn of the roga
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coacriing G0 (ho cothad of Bol¢ and fiocDonnid,

Pez somens of ofnpliedty, o rothod heo boon propocod
for cavineting canfms {olorchlo oiso lovols for oatisfoelany
opeoth Entallipibilicy &n vhich cesastiedl nooouves of o polso
oo 0cfo by nocas of octavo brod Filtors caff oound levol motor.

In thio prosedure tho reitimotic rvorage of the doeibel lwc-i
cvorall of tho moioo idn ocsh of the eotovo brads 600 o 1200 epo,

200 to 2400 eps g 2420 o (300 cps io found, Tho posulting mmabor
in Gocibols 40 o hoady Gdo o Cho inforforing offeot of the noloo
cn c3coch ot 4o ealled tho opooeh dnlorforonsy lovals

JACh tohlo ¢l ol Tine4ed ©O Doy arpivo ot Pritopicon
Curras giving tho oanimem pormiocsille noise lovals in ooy foquesey
Dol £o2 £3623 of Yopioun typos (48).

por cucanloy in o lopgo coocably hall wvith o poed
ppeoch gpeinforecaont systen, vo oo fro ‘i’c:blb 4,3 thet tho
85;%; crilozdion curvo chould bo rolcole@s. £ tho moico is
eonconteatod in o portion of tho froguoncy ronso, tho approprinto
00144 Curvo of Pig. 4. 43 uosd. If tho mosso lovolo prineipolly
dic moor tho oppropriato curvo in bonds botuoon 300 and 4800 epo,
thon, bocauso of tho ncoltlng of foctn, tho golso in tho Icvoot
theco froquoniey bands ooy bo highors, Pop ¢hio ersoy thy dooksd
carve A nay bo used 4n v dosigne In othor words, nopo adino
40 porndondblo ot lov f¥ogaoneion i€ Chope 10 high froquomsy
uooiing nodco thom 4f Choro 4o n—ocg
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RO = Al
Cec Ceibopin Lor maioo gonlsol.

Typo of soon S eritorion.
Coaazz® hillo 20 = 25
Brood coot otedlos 15 « 20
Lagzitinoto thootros 25
(500 coplogns onlification)

Lucle geoo 26
Aoocndly hello (eplificction) 25 » &0
Uehwl oo {no oplificction) 25
feaos {oleeping cioad) 25
Gonforonse pocs for 50 25
Coatoponee poc £6 20 o
ITovio thoebsos <0
Oeanitcdo b4
Crarebos €0
Coupt pomw b4
Eibrerion Rat)
8ooll privoto officy - <0
Rootemeento L%
Coliscuns for oporlo oaly 60
Bocpotoricd cfeicon (Lypins) 59
Peetordoo 9 = 38,
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4,7 COIICoD 8?88@0?1 g’:‘gg}ggigf AID IDUDIR3S GAXSLRIA FOR

Tho peral S0 of o oorlos of noino rotings nedo dy oZFico
vorkors (47,43) oro plottol agafnst SIL and LL in Pigo. ¢,7 cd 4,8,

- Pize 4.7 for ordoutive officos and onnll eonforoncs Fogis,

Pize 4.8 f‘g:r otonezraphic ond lergo ongincoring drofting romo
vROFQ DAY pooplo 0o coavorsing simaltcmoously. Tho oabicetivo
pating 414 not correloto no vall vith tho ovorcll cound pressuso
lovol oo @id ofthor £ho 8IL or IL, Thy corrclotion of €40 sube
jootive rotings ves pomrally tottor vith giL, %bo 1028 homd
ordinate of Tig. 4.7 shows ho Pobirg cenls used on tho quootione
nndeos givon to tho offico vorlors.Qn tho gvopaso Cho porsorncd
gn tho crocutive offlccs Woetht thot th moice showld not 0Zesod
o Pafing just helow "nadoraloly moloy® Af thoir verk ves mot O
cuffor, loro ihon holf of thoso uosticned noid thet 42 €20
£30¢3 Uom oo thon poldvadyusaioy, thoir ohility to Colophaao
ondl ceavorco veald bo offcetcd. ooely all of them sodd thot Choy
ucod tho tolophomy “efon® $o Pwory oftcn® (nl tholl thoy cenvorsod
fegton® vith cowroritern oo for ovay fran thaa oo O o 10 246, I
folicvo, thon, hot tho GIL 4n ozpeutivo officco chould mot omscod
chout {0 ¢d if eonvoroations ore %o bo considered e3 in & no@o
or 1loss pomal tane of volco ovor distancos upto 8 $o 10 £4,

In oooo officos tho subjoetivo vofings corrolatod
bottor vith the ecoaputed 11, thea vith ~oetured SILe Dzoalination
of ¢ho petevo bead opoctoa nesgurcd in thoso officon rovoalod
thot the leu fycgueacy rofso levolo wope higher volotivo Co tho
dcvcls in ko opaceh pongo then thoy wveope in efficos in vhich tho
subjcetivo Potings corrolcoled vell with bDoth tho SIL md D LL.



ol o
Uoxo the corvolotion tos good vith bobth LL ol 81%,

tho LL in phoms vzs 0ol pore than 22 units bigine thon ¢ho 81L in
@, Thomavor tho d1¢foponao botwon LL ord BIL boord substontially
geontor then 22 units, sogy 30 mmits, tho subjostivo cfing wao
hirhor thon would bo prodictod by the SIL aloas. In pfditicn,
vhon ¢he LL oiman tho SIL difforonce ozcccdod 80 unita, thorpo

vopo usually eonplaints, ovon vhen tho 81L cot €ho roguircoonts of
kaing dowor than £0 db,

For tho ronsons just given the cocopteble LI oo plotted
in Fig. 4.7 1¢ chout 22 unitn to tho vipght of 0IL. If ¢ho
difforoned botucon tha tvo cuevas ogecodod aboud 23 unilto, tho
noice lovol is likoly to bo found losp ooeoplohlo than would bo
pmdmmd by tbo 5IL dlono. Thoso studics, thovoforo, chouy thot
ﬂethar tho SI% mr tho LL olons 10 sufficient o charcetorice
tho critorton spaetrrg both ore maodod,

Tho curvos in Pigre 4.8 oro 1iko thoco of Pige Co7
ozcopt thn% the ratingo of the noigso wore ncdo in otenozraphie
pocla oF larpge drafting Lomn. Izi thoco ocxooss tho cvopome noico
usaally hap 811 of 60 ta 65 gb, A9 ve eon se_s,' tho porconml ony
that if tho BIL wore to exeeed cbout 65 @by (or the LL oxecod
ghout 77 phons) tholir vork would oulffor. An SIL of 55 @ pornito
thoa to convorso at distoneos of 3 to € Ve 4n o RO or losg
nomal Coms of volce, Tho dogroo to vhich £oisoc Antopforc vith
Colophoaing boors the oemo polaticn to 8IL 4n both fipguros,
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47«1 OCIAVE BulD QAITCNI00 LIVEAS g

Tig0e 47 ol .4,.!3 procont 011eLL critorio for o 5O
typoo of ofFico apeso. Dserise thore $s not in oxistoneo toduy ofther
on LL ooler or o SIL notor thot con bo rocd diroctly, ﬁ:m infonoe
t10m 1n PAge 4.7 ond 4,0 mst bo esnvortod 1nte eotavo buad lovels,
Loy vhich thern io a neaowringz maﬁaﬁw, ?ho posults _m givcn‘m'
Pige 4.0 ond 410, In Fige 47 tho compWted LL for ocsh curvo 4n
22 ontts highor than OfL. Tho ¢ (moioo critoria) mmbor cham
booido each curve oquals the 0fL. Tho adswrintion nodo in the cone
vorsion woo that e&m carvos clopo off nonotoniecilys Thio autonc=
$ically gozus that tho highost froquoney bond 400c 106 Carey o logge
portion of ¢he loudnons, o |

| The curvos of Pig. 4,9 cnd Pig. 4,10 oo eallod noisce
eritorion ewsves. IaTig. 4,10 on altormate £oily of carves 40
prosontod vhoRo I.L ;a groator then the BIL by &0 t.mﬁ:d. Tio PA°
in ICA 200 Yaltornate®. The MA curves are rees—onded oaly
thero a mnm'?emmwe dus to cosncaie factor 10 mICCO0LEY.

In o porticulor rocm tho oipht octovo bond lovels choudld
ot oxcosd tho valves ipdfeatod by tho TC o (CA enrwos celootod
“4n tho spocificotion for thot offico,

In choasins otmean the 1€ ond TCA fendlios of eurvos
tho quality of ths spreo boing quiotod omd the chavnetor of tho |
oy froquoney nsico chould bo comidored. Doth groaps of offico
porpommol profor o ooios gpoetran thot o shoped 1like tho IC eurvon
$40e 0N LL<BYL difforencs oqual o 22 unitoy and omporionso indie
catos thct nogliciblo inprovecont nod in porooanal confort ic
oehdoved by otill fuzthoy wodusing LI-OIL &iffogonet, A nojarity



o 00 -
of tho porsefinl objcels to n polso vaowe Godovo D3 lowls
‘ot tho 1oy fz'oqtcnd.os oreocd for o givon 0Il, tho vdluos given
by tho vczs mmn, cvon vhon tho OIL io lov opsagh gor voled
eormnication to o ootiofestory.

Tho two £oaflies s of uamﬂ in Pige 4.0 apd PLg,L.30 -
" poprosont, ﬁmmrara, tho lovor and apper indcs of tho LL=81L
dirferoneo thot 18 gonorelly cecopteblo Lo offico mbmol, In
veiting spocifications ofthor nn NC o CLEA mmbop {to tho nooroot
6 units) or thoe corrospsondiny sound poes~uro lcvol (to é&zf:: morost
db) in tho oight ostaws berlo cea by givone It 40 poooiblo, of

" courpos to intorpolote bolucen tho [0 and ICA curvho.

. Rocommondod 0ffico Critoris ge

| Boced o3 the peoults ond tin studios described cbowd
ond on obsorvatiamg nedo rocontly in otbor industeidl tm3ldings,
it 1o mémmsﬂoﬂ thot ¢he [IC ewwo for o popticulor offico cpaco
% £oloctod vAth tho ald of teRo 42 A9 v ototed a Cobatl
cbovoy, en LGA eurvo choldd Do cubstituted for an [C cumvo only inm
fnctoneos colling for ontrond ClcuUrCoys

4,7.2 APPLICATTION TO OTHIM ILTLRION SPACES g

Mthough o dotoelled study hes not boon nedo of thoe
Fonetiocn of pooplo €9 noioo 4n othor 0pCess, £dﬁ21y dopondoblo
conclusions can b dyem ffom gonorol oxporionto goaimd in ptudying
00350 conbpol problons gororcliod by Vomlilaling systcas end onbope
for courcoz. Omo mest Aloo rocogniso that leedl ciluntionn caf
loadl ottitudos offoct tho griticeirmoso of pooplo, thab cocnn
cdoguato in omz Yoacticn nay avole ccapicinio in coothor,. For
oxcanicy 4n o ¢onvontion vell vith o moor porfoct pound gysten,
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2rdlo e L1425 .
Reooonded noloo eritorio for offico ({3)

e carvo.  Cowadection onviecriont. Typiecl appliections.
6=20 o0  Vory guiet officostolophons use EBrvcutivo officop cod
ne=50 sobiofootory- puiteblo for lergo conforeneo poxs for )
eoaforonecs | &0 pooplos
[C=30 R0 ogaiot® officyy Dabinfostory for Privoto or condepriveto
1:C=38 goifogoncon ob o 16 £4. toblo, officco, rocoption
nornal voieo 30 Lo 30 £ty toloe officos o oicll oane
phony uco ootisfcetory. foroneo regns for 2O
paoplos.
C=35 to Satiosfectory for conferoncas ot [odivm sizod offices
T2 a G to 8 £8 trhlo, tolophons and infuotEial baoiroso
u-o gatlofeatory, nomcl voico  officos,
G to 12 g€,
[T={0 t0o - Bnliofeetory for comforomeos ab  Large onginsoring cnd
0C=50 4 to 5 £ toblonytolophons usy  dpafting romn otc,
cteasionnlly slightly diffieuld,
nornol voieo 3 to G £8, raiscd
voleo G to 12 £C. ,
[L=30 %o Unooblofcatory for conforoncos  Socroteicl arvos(Typing
C=G5, of noro thom 2 to 9 poopleytoloe caconnting croco(Bucds
7020 uso oligatly Qifficalt, neos nochimo)bluy prin
momaal voleo 1 to 2 £4; palsod  goos ofte.
ADTD voico 3 %0 6 £%.
1IC=55 ot poeozzondod for

“ory noloy® offico onvigorsiont

unantisfottory, tolophons uso oy typo of offico,

| aifficults
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o dookoor Doy ot ooy vith an ody eonfidtioning oyoton that 4o
6 to 10 &b nolsior in tho opooch bands tham ¢ha¢ roquised in o hall
vith o oodioeRo vound systods

ho grontoot voricbility in roquircmonts for nsico
contpol oxiote in heoos. Howko tho hobits and fomperoonto of pooplo
aro parcocants Breopt for tho nood to coaverso owy tho folophatde
vhich roquiroo only that thy SIL by lovor thea 60 = the aetivitios
in a hoae vory. In nony heoos tho noiso of childrony podios;
YV cnd cutside troffic cfoalo so much din that noioo ab onll of
80 phons voum prso urnoticcds In othor homas vhoro thore oo 2o
children or vhoro o wPitor oF o ochal:F ongooos 4n eFoabivs
thought, m LL moy mocd ¢o bo as 167 ao 40 phons $o peos umnticod.

Toblo 4.3 progonis the T or NCA curvas vhieh oro
balioved to provide cceoptoblo moiso lovolo for a vorioty of
intorior gpocos, Tho modso levols roforred o oro o bo cocourod
vith o perticular roea 4n quootion uacceupiod but with othop |
cetivitios insido ond outpids tho buidding prococding nomdly.

Por coaparigon vith tho NC curvos, tho sound lovol notor Aeseclo .
rordings in dbg, ecomputed fron tho appropriato IC cwrvwo av0 givon.
It ig not zogomnonded thot Ae-sedloc zoedings bo usod in gpogifice=

| The arehitoet or eongultant wvill hawo to use hio
om Judgenont in solocting a eurve for o particuler opseificatien



Fobio = 4,3
RAES OF DI3IGH GRITORIA POR AIR COTIDITIONING OYOTEN IDISE CONIROL.

FYPI 0f 500 3 Total loudson Asgound lovol 8[3:: lovol docmolnw
8 goms {43} doeibolo. |
R e e N
] D . { ﬁ
foftorinas and tadg Fnllge
ggﬁgg s gpoea gglpgga rtdon 9 0.0 1 1.8 28 29 3B 20 22 &5
oot hogeto | 1 .6 & 8 8 & 25 27
levde thoateoo 8
gl eutdaor caphithoatson .
Sur0 hallog,plosaterien B 1.6 a 3 35 i) a8 &0 32 )
9 C20lane0 0budied
Latdlon 3 4 6 @@ G & B & &
Cimgobon ond Gehoalos
Aczetuarion 1.0 1.7 3 25 0 35 £0 26 o
Libeerion 1.0 2.0 b} 25 L0 45 8 as 40
Gehcoln zad Gipno pegao 1.8 2.6 4 a5 4L 45 20 28 an
Laobopatorios a 4 - 8 40 45 £o 35 40 45
flcapatica ballo 2 4 g £0 e] &85 a5 20 &0
Conwidors o= hollo 2.5 1] o £0 80 65 38 45 50
Zitehsns 4 g 8] fic] &o 58 40 45 15:¢)
Jepdtndn ool Adrdens
Prival $dea 1.0 1.7 3 20 .36 Ko 25 30 a3
Oropating peea,mesls 1.5 2.0 4 3 ) -] 30 3 9
Oolls cad ecoridoro ¢ -
Leoozatordas ¢ 8 4 Q 20 {8 1) 36 £3 45
LOObios and wadting emo
Ucah woens cmd ¢0R0, 3 8 8 & & 85 20 4 &
A0y
Prlvats hezon (sural & gubnieban) 0.0 1.3 2 30 as 26 30 &5
s 8 thgg:;\—%((:%iygénmg ' 1.6 3 a 38 £0 45 o) 26 a4
Reatoapanta, Cofotopian, Louniod .«
Rostearanto. a 4 o &8 G0 as 0 45
Goctbadl loungos 2.8 & g {0 &0 85 RE 245 80
Taht ciubae 2.0 4 G <0 45 80 a5 240 40
Gofotordon 3 a 0 Lee] co 85 20 a5 [54]
ftorcs ool o
%gh}mégngtggzaa(ﬂpm? ﬂooro)g .3 4 ¢ w0 & Go 88 <0 4G
mgﬁ%gn&gugﬂoago gtmﬂ.a i‘loo-'s)g G g 25 9 o5 0 05 50
Supop Norizoto. 7 w0 45 &0 &5 40 46 &
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3 Fotol leménaso

§ A sound lowd

LT lowalk Caniboio

Q0 of £SA0. g gomea (49) 8 dueidoio
Lo favorasaliiidnh Ly UAvorago Loy - 000 oish
~§ dinoas JEa ] xinat ug?a@ Tess Wama
don 4nd
Coldnorio. 4 85 20 45 £o 30 £
Deriing clioyo,gynnaoieis 4 G a0 A3 g0 90 &) o
guiratng peslo 4 7 10 45 59 o M 0 55
Fecaoportation (Modlsbas,pleno).
P40t odloo offleo. a & 6. B/ & 30 95 0
700 f
R0 el s & 0 & 8 & 8 4 60
Dovodn
Infividual pesas o oultos. 3 a8 4 ') 40 45 30 as 49
D Mo § L8 3 6 3/ & & 30 3% 29
Iodis o covpicorald . v
Loohioo 9 N 4 4] 40 45 ED 35 {0 Lo
goraan 4 a g 48 ED £8 20 45 £
gaschons ond lomdopdon. 4 ? 0 ] 20 &3 &0 43 £0
[IeoCoaimean rRorna
Popcaentn offico. 3 8 0 43 o 243 40 &3 0o
Anscodily 34mes -
LG DCSL,E:C"VQO g 0 &9 &0 )] ¥{] 20 Co )
Fodries,ioavy aceklinory. 10 o0 20 Ca 70 £2 &3 G3 F3
Cefdeco g
po.&d goesn 00 a a8 28 4] 35 0 23 iy
Sonfogones PoI0 ) .7 2 80 as 40 a6 2 a3
Dreondivo 082400 1.0 2 o 35 40 28 39 an 49
purozvicor o2fico.d ar ; o o .
o adon oce ) 16 3 0 8 o S0 43
ooomel onen cf«:‘mcc:JO & - ) g
Bﬂ m qs Bac—a E 4 G \.g C.J 03 <2 Gg
Onllo o] ocerddoss 0.0 g » 40 ap &5 23 &3 38
Folmlotion & Ceagatalbion a g i a3 &6 as L5 5 co
Fahite Netiding g
Tahlgo dbeendon ] - ~ -
It‘tmo&ma,csnsvs 23010 ) 2 3 4 ao < @ 0 3 <0
PO:J{; Y96 Lot I8 8 ’ ) )
nored Donzdng oFoas, 2.0 4 4 &40 45 G0 as 20 &G
Loi':bfwso ) .
tUesh poewmis & Foldoto. - &0 58 40 a3 o
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boeczco of tho vido emmgo of obttitudss Ssumed nsdso cnd Boerano

of Iseol cupten amd pootabions in difforomt locctions. In

0020 ©oros loct of fumds for quioting ooy sogquire thot o eslealotod
#igk of ecaplaing bo toion, In othor, provioun omporfonmeo ncy
haovo eonditford pooplo onposed £o Cho noiso So ¢hat thoy ceo looo,
or avon mo¥o, ceitical of thoir noise onvircmont than Soblo @,3,
vonld prodiet. Just os in othor field invalviny hunon goactiono,
mmber on pogo 4o not along roploeo eopeful tnnlyodo of oach

noico problom and tho tetdng into cecount of Yowol &ifforoness.

LONTATIONS OF TADLD 4.3,

Rogordlogs ¢f tho rothed ueod for o c:zps'osnmg ity
tho propor dooizn eritosion for noiso Jovel o bo opooifiod for
cay poon in an air donditd ontd; building cuot e into coceant
tho follozing KeotoPs i
1. Tho cotivily o vhich thy rosn 40 Co bo urod,
oopociclly tho typo of opocoh ecruiication poguisod. Dxtronoons
ooands vith o 0C loval oo 1o oo 25 db nay bo dioturbing to o
porgon poated ot to feoor ¢f o lorpo roxn o Uotonding So o
opackop, odépcosing o group obf normol voicoc. On tho otlny hond,
diseaosions botucon Yo porpions of o distoneo of 3 €.y VAL
hordly zoquivoe raiding o« Cho voleo, oven 48 tho boekground nolso
hoo ga [ICA lovol oo hich oo 65 dbe
2. Tho typo and lowdl of beshprourd gound, othor thon
£raa tho oir conditioning oyotem, which oro nogonlly prosoat 4n
tho rom. Fhoco fncludo fntornol nofso (£rod offdes nschimn ofe)
¢o voll ¢o omtcynnl noiso (froa teoffie ote)s IS 4o mob oconoaicol
0 ootoblish tho dooipn cpitorion lowwr than ¢ho nopmal bockpesund
lovol,
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3. £ ontcmt o vhich ococh ol oting Aloteastics
corméo nay intendo €ron cdiceont goong. Anong olhor £oetozoy
this fovelven o dogreo of sound fcolatlon provldod Dy
buildiny conotruction. I8 40 rot roecwmorded thnl rip=condltione
inz noloo bo usod to nodl nofse eaning throash poorly bullt |
petitiom, Mowovor, o psonotic peivesy poovidod ovon Uy good
contraoticn deao dopord on o coptoin coount of noutpal dacle
geoand ocand in Sho mcoﬂ,irins M. If all ot doy ofunlo
oo omednedledy o olight coount of otordy, wids bond cound fea W0
olr ddobribution oystca 40 Lo bo proforpod, sotlnp canplotn

0ilonno,.

o0 rogd Cleoonifieations dnm Sonlo lcoply Glio into
cacornt o £Apot frotor lictod cho. IR Dechpound ond privesy
Lactoro, houover, hovo o bo ovalucted by tho cochitcet o cngleoce
£ orch 4nfviiacd coco. Pop Shio poroon, Goblo covmot 1ot
pimeific scecmendntiond, tut omly o brood Poo . . OfF €204gA
opdtezia lovoloe. Thio dodp rol cocon thal ooy lovol vithin Shat
roe vill o oquolly czeoptodlo. It nay bo omcotcd, hamower,
that ¢ propor lowly ostoblishsd oftor o Chawousgh anolynio of
ol footorsy ill 1io0 sooorham Botvoon ho fndicolod linits,
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0.1  ICERODUTTION ge

Praa tho otudy of tho provicun @20 chontcrs (Gaapor
9 and 4) o én:& ostingbo Uo cacunt of accustienl caorpy that cabors
0 ecnlitionsd opeso, Shic D13 Do tho owm Lotol of ¢ho modcos gome
orafed by tho 4fffepont gonrcoo. Popording tpea (o functicanl uco
of ¢ Spreo wo con coloet o ouitodio IE cuxve c2d fraa ¢hio Mo
cecopteblo nolso L oval 48 oach cotevo bed con By fotepnined. Tho
difforonee batrooa o aoaoralcd o3 0 ceeoptoblo lovolo of nofco,
nivoc; thn csan® of naioo FaGuetion rogu.vcd in oosh ottgve bole
Thip poductim of nHioco roquiroed cen B0 pffcetod 4a o mmbop of
vayo, for oncpde, Uy lining tho Caets wWoh cowtiosl noturidlo,
uging profobeidatod podics obtonmuntizs o2l so ¢y Tho 82800
scfieetion e cloo b2 offceted by onltchio cholico of Cho fon,
] ollby nochoniedl d3viecs.

0.2 %IR8 BYBTEI COICORE g=

Coloo esalrel, in gonorcl, 19 boodeplly o oystcn
pradica. In pgomordl thomo ago neay diffcroat etapoasato vhich ooy
Bo nerdpuloted o cchiow o poptioulcr omd rocull, Tho oyolco, vhich
&0 o ccobingtfon of dll tho conpozsmts, eontains theco najor |
poElo, tho soureo, tho poth anf o Foecivorss

Tho poured 4o that popt of tho gyotca dn vhdch ¢ho
vibrotory nochmical (noico) omopgy oziginotos. Tho inpoztont
pourcls in olr comditioming oyston opo Q‘mg ccﬁwmnax’g geillony
Qcanor or ALP£asors,



70 -

Yhn gound omopgy £r0 $ho couwco Upovelo thecugh tho
pothe Fhoro noy Do o o tiplicity of potho, Doth 45 oolid petructuro
od dn odre Goparally thio Ocltes tho forn of tho ofp diptpibution
‘Quets oo vello of thoe e in videh tho omipent 40 howscd.

M thivd cofor pood of o oyoica 40 Cho soeofror,.
Shio Doy bo o porcon Alotorbod An his oleoDg o coeeclony Coyicg -
to hoor dietobien, o Rcoburo 6@ caole cficoed, Tho dohovicar of
Ly poeoivor 1o inlcrenlly o olchictiond Cuoatily. T noeocsory
noleco contpol eon B0 offcatcd Uy cuitedly oedouicting o thyee
cxparnts of Uhy oyoicn,

| Pige 5.1 olouo ¢ ponpce, potlt ood goseiver. OO
nodso eanteol cocsarop 0o shava by drabnd lar-g,

5.3 DB1ICTINT O7 PATT "OIOD to

_ flent of tho oolcd pomorctod By 0o £om 40 tecmmnitted
o tho ode coxfiitioniny Cuet oo olip Doomy oalcos Thio dotornirso
thy cwount of somd onorpy vhich oventually coorpos fean o vorilcns
catiots 1ato tho ccouplod opreits

In proatic), 060 of tho coouolic onomgy 4o tecioe
nittod to tho cdjeecoat oltrestiuo By vey of rodiafilon of counf £rX
tho 4~poilor eonin: 02 oo vibrpotion of Loo mad oober coscadly. If
Qua goaoldopation &0 givea ob tho doodpn ofage o gonstrustic of
tho ploaty rem omd 0 catusd dantollatisa of U oguis—~caty Chom
o vibpations will mot cowpibtuto Lo auy oignificcat Cograo Lo
o moico of tha ciucﬁ vazk oyotca.

Lhoro Sopy Lo voys of modueeing o £on oofno
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trensoitted fo (ho duect wosk. Tho chodeo of £on vill povorplly
bo povormod by fogtors othor them Cho coowstde poguircaonto, BAG
3 £o2 oo pocodblo o £om vith nininmm noisco hes o Bo polcetcds
0 oothed of goduzinz mofn fron fan dicchorpe 10 Co £4G o siloreop
to tho feae Thoso undis oro avallcblo in poage of oloes Lo oudt o
verioly of foan. SRD oorfeolzocr iy nomunlly provido vith ccsh
pilcncer e Anfsmaotion odont the altcrnciiam chopretorpiotics
o2 ¢ vaile A typical porforcameo cusvo for ono of oo Lo
gficneces 40 23voa in Pige 82 » Dondho chtomuctia) valeos O
JAven 4o D0 form of conliram euvan, choting G vorldcBion vith
fooguezey, 0o voluog of attomnotiom in €9 aectcto bméo cpo thaco
s tw pootofe ooca fregaenny ob oceh of Gho ookt coScvo Binds.

Bed (RT5TZIILT P GISRCAJD DIGRUAE g

Zhio 4o ¢ ncturcd ottomnblon providsd by tho ot
vorz vithout cay cosustienl 1imin vhand 00 cvig. alo Uill bl &
Lo o olooldht duet portion, olboun, brenelns ool ¢l g flcoticn
1030.

ool OEINIGED ULLITTD DUCED g= /

o attomntion in obrodcht zoto & o fumetlion of
tho leagths, cico of duct cnd tho £roguensgy of osard. Tho cerliost
vorl: {"oo Az by UAItar cal 94nono (81). Thofe warl coasictid Cf
gooto 6n €15 oiocos of malined choot ootol Cucts, cmd ieepo (187 = 36W)
ad o capll (CF = G7) md thoy dotomdm 8 &y goonaetics potes of
attormatiza (Ab por Qoo lonzth) ol verdous frogooneics over 0
grontor poet of the c2dio = frogeaney Pangs. WX chrzoetorioties
obtolinsd ghered that da cortain Croguoney weegos boley 1,000 opgg
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both lorge ¢ cooll duets praaecd o fotr dogeeo of pitoruntion
(upts T @b / £5 £or tho ocll deot)s TROSO £ROGODSY PLICH LOFO
cubsoguently cooeciatzd uith conditions of pomol woscacned nndcr
vhich tho vibeoting duet volls eca Podicto goand povor in tho
rogion of tholp pcocact frogeonelos o tho ontslido opoeos, Than
chaerbing oaﬁmy ey tho szumd vavop in tho duet omd copnroatly
cousdng nownd pbtonuctinie

Tho vozl: of Gheddesh: ond Otho.o (52) for couora dueto
hes shoim that tho attomation im unlincd duots 4o indoopdont of
tho duet voll thdcimcoas obovo 800 ops, bot reachcs o oogimnm volmo
oot owor froquineios, é::ya.~nd:ln3 upsa Gio gcosomcnes £rogasosy of tho
dues'.; surfeedt. U230k dnaporsad duet sizo o jo oilomiciicn iAo
<o u lovor frogquw ney. Althouwzh the waell Chicinnoo &meronccs with
tho duet piso, tho added nos. of tho noldl ¢ ospeoiolly Cha
incroncod loagth of tho unfdoped ocurfoes £ram o Lo odge, cg:ses
tho mganmﬁ froquoney o docroasa,

Mith ducss of Aifforont aspoet roties, snatordl of
only oms pack attomnation valuo, pa gecurod in seupso duets, €00
puch polnts appoer (53). Tho poct in tho lovor frogrcney 4o
ovidonily duc ¢to tho posencmeo of the two loazor €2et purfoees,
hdlo ¢tho other m ecascd by the poponcst vibpation of tho choztor
pidos,2oblo 8.1 giwso tho mocoured attonuation vdluen por Loobl
longth of vordoun oiroc of uninoulaoted cnd unlinsg duets Ly ovtowo
‘bead enalyoide

In ponorcly it would coca that 4n nojordty of tho
the pystcn, vinroe tho duels of rum 80 £%+, or lopo, consioct of
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ncddr o lovgoe goetionny the molco attormntion proviisd by unlimed
oheat ootel duels 40 of such coall oegnitody thaty vithert offoeling
o ordor of ceeurnsyy 40 Doy o ooittod fran o cvcoluatica of o
noioo chernetoriotics of o Alre canditioning oyntod. |

o £le7 ottomaotion (Ab/LL) in otpnight umlined
ol undnouloted ads emditioning duet by setaw Dod caolynic {63)

Duct "PIOqROnCy DA =CPO ———
diremion 07.0 90 150 200 €00 12Ch 2420 4720 Uoli
inchog 78 G0 00 GO0 1200 2460 4000 ©C70 Lhichnsos in.

>

GEG 0,00 0,11 0,89 0. 0.13 0,25 0.25 C.553  0.002
1272 0.03 0,53 0,13 0,13 0,31 012 0,36 0.6 G001
10716 0,80 0.57 0.10 0,07 0,14 0.20 0,18 0,17  0.C34
Ci2® 0,20 0,10 0,206 Cal8 0.03 0o0 012 0,15 0L

GRAT 0,03 0.70 010 0453 003 0412 0.1% Cud 0,038

fH = 2loo onplios o 12 o O auet
D e nloo anplios Lo 24 = G duel.

5.4,2 ULLITD BIULS AT BLBOR 3=

In comsidcping tho ottommciion cheroelopinties o2
bongs and odbsuo, 4T 4o porhreno unfortuanto that o mooth ouitipdoeo
bond vhich &0 nowo coedptoblo oorofiynefeplly Choa 0 Sguoro CcoPmop
olbsyp, 10 o posTop Ocurd attonaatde of thy GUo.

Pi5e 8.3 (G4) ghovo o voleo of olionuatica ploticd
ogoinot cach ootovo bondfeoquoney Lo Cifforcont olzco of olbovey
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7atha €80 dnerocoo in olboy olzo Cho pock attomatica chifis €2 o
icor faogmoaey bond. Footo by Folobrup onf Uosler (18) oonfirn
tio geaorpl Srond of Chato curwoo prd cloo chor ¢hot tho lov
frogaoncy pock ogeurs af tho point vhemo Cho duct viath ogqutis
1olf tho vavo donzth. Fhis ougooss thot o mochanirn of nbtomne
aticn in this rogion of Srogeorsy 4o oindlor to thot Capepiled Loz
ptenight dueto,

i voriotions? otComntich of clbouo vith difforcont
crdcs hoo bocn otedicd (63) « Tho otftomantion Coerocseo vith
dzororse io olber caslo. Thio 40 obwiors odirmec Choro 40 1030
changs Por tho coand %o bo Feflceted oo G GAbs ciRo ad hopeo
tha vey ewvplure doerocseds v, Cho scdaetl @ of scunid ob
olhora £0 rmeh cponter G in otecinhh duets ol AL ohwald bo
ifeluded vhomwver opperozziots 40 Cho eoleuloticn of Guet vosh
attonnation,

5,4.3 AZBIJATION AY EQADNCTS ge

TEo obiommation provided by dust fumetions 4o nod
otrictly moico sodustion ot dlly, oncopt &n oo for oo bonfis md olbeo
vidch night ko favolved in ¢ndr construction vould profvso atiome
ation po disewocod cdovo. X6 4o cotunlly Guo $o o division of tho
coand cmzw i;?avélung ﬂm tho Guet batsocn Gro voricus bdeozgind
(G4 ). In dotosnimdng tho Ogeeo of ptfonaation ia this cosop 46 40
pomaeclly comesd ok the intonity of comnd (perop pov undt owoc)
45 W0 0o 4o i} éueta o thy demotroc 0ifo ¢f tho Junzticn oo
¢hot the pmpam:ﬁ 02 o Cotcl comd povor fod dnto cay ono dusd
o cquak & o polio of 4% ovoa to tho totol oroa oF tho beoach
d2ctse  Iko offcetivo obtcaunction S0 hen givon by tho ogaaiion
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ab g0 20°% uckto,
R . 5 1

vhope 4 = eposs cocbiondd oroo of bronch duct.

S 4 = Sotol cro-s ncotionnl oroa of bronch Gnets.

AGomantisn o = 10 1@310‘

I¢ 40 of cowroo, coowwmd ol Ghio ogoobiongs Juat
opplicablo Co lovols in pardicvlop frogoonoy boniy ¢o 4t 8o to
ovoroll uoloo.

2oblo 5,0 siveo th valuos of o \,.N.,..Ag"ﬁon Lop
Aifforpont valtoo of o rotio L T he
Zoblo 5.2

POTZ LSV L AR20TIARI0N AT DUCY DRATCLSL.

ity 8 —w‘} - g “*“g:m_ SRR ST
nntio 0 Attomanticn 0 fntio 9 Astsmmatica
pronch Guot cron  § @ 0 cecnoh awt cron ! b
sun of brozch orocdy §i of brcach CRCUsY
L 3 L.
1,0 0 0.25 G
0.8 3 0.20 "7
0.33 2 0.16 8
0.6 3 0,13 )
0.4 4 0030 10
0,52 5

G.8ed LUD LOPLOGRION LO33ES ge |

Thopo i6 mmothor uay inuvhich nais:xé noy bo goduecd An
tho Guet vach oyoten bofero 48 pocshop tho spreos Yo bo cir eandithdne
cle Uon 18 copdvco of Cho Guet torninations Seo of Uho pound

;



oePe
U1l b poflootod Deik toveRds tho fon. Fho Propoztion of coustic
poree €hot 0ill B0 goflocted dn thio vy s o fusetioa of Lroquonsy
ol outlot pico, od tho nommy Lo vhich tho dogeco of attomuntiong
oz cnd rofloction loos, verdoo uith porcootort 40 ohovn 4n
Pige 5.4 (84)e Too chopoatorioties havo boon dpcm, amo for tho
duot exlot Lonh vith o voll i tho othopn for o duot Sornines
Sin 4n £500 opneds IP con Do scon thot patlng nepe attzanobfen
40 produoccd by tho fasoor esmfignration thaa by tho lattor ozeopt
Lop noiso of vwery hish fsogoney or Lor oulloto oflorgo dinonion,
If tho duot 20 mt gguoro, tho voluo of L 40 mmm 07prOTie
notoly ogacl ¢80 VISLY . » Tho froguomey P 4o Sho poosotrie
cora frogonty of @ cetavwo bond, |

8.6 IRTTATION 07 LIIED DUCE URK gm

Tho oitomiction of sound in on unlimod duet o on
inoimifioont quoatity. Iovover, o considopablo yeduction in tho
mdeo boing teoacaittod along tho duet vork con bo obtnimd by
lining tho duet valls vith sound absorbing notorinl £ad nloo by tho
uco of configuwntions fnooriicd im tho duet Fum, Tho notwidd
wod for UMD parpeso chould bo ofthe of o pigld typo ordls tho
mitabily fooed oF contod flomidlo tupo, in ozdor to provont tholr
orosion by tho noving oir,

Thopo oo throo placon in on alr conditicaing oysten
vope Wfo form of sound attomiation ooy bo wed vith cdvantosoe
Tho £irpt 40 in tho natn duet vhich foodn tho bpomehes thot lond to
tho indivminl Pomc, Acousticol tpontoont in thio lesation 4o
oot offoetive in rodueing nofoe treacofttod clong tho duet £roo



o ) «
the ricat paom and fQapthorooro the attomotion obinimnd in g
pirzio trontod soction Dofoxo oy braach tcho 0ffn will B cffootivo
for tho vhole oyoton vhoro o o soasidoroblo mumbor of nttomatod
socticas vill bo roguircd to ceblevo the scooo dogeco of guicting
farthor domolipnra oftor oy Bolio offo. Docondly,y aeamts:wai
troatnont con B vy upoful 4o Cho £oodor duots juot pRocoding
tho pystoa catloto, vhopo 3¢ mob oaly pofucos tho popfGucd £ca
noloo butl diso oy oorodyncoic oafco pomratod dn tho CGuetl vosk.
~ Uhon uscd in guch pooitiond, 4T hap (o adl2d clventogo of sofueling
poand tromsnission clong tho duots £ean paan to pocn. Eho thipd
location uhors pooesticol Sxontoeat 4o ofton voluedlo 40 &n o
duet To tho Lont imlol frodiotoly tobind $ha froph odp i6bc:0.
In this pooition it obtomnotos 1w £oa poioo, vhieh 4o bodng
troamittod alonn the inlot Cuet td podiated 498> tho opoa alvy
ony ortilfo nofco vhich ngy bo tronmsnittod 4n ths povoroo dipcetion
into tho systoen throuzh tho frosh alr intalo and any noioo
trononittod aleng tho oturn olr duet frea o nloy pleac,

5,6.13 S0UID ABSOOPTIVE UATCRIALS ge

Tho sound choorptive matorianls hove tho chilicy
to chsarb o lepgo freetion of tho pdr bopno bownd vhdch snningos on
4%, ond 2to function 4o, pemdrpclly to roduco thy dntonsity of
zofloctcd ofr borno cound vithin mm orslesvro o Soumd cboozbops
ozewr An noay £o500, ond tho rpolatiw inportonco of tho fundcontol

phyoleck proportios vhich control wir porfornones is conovhint
o function of foine o

Tho sound gboozbont ﬁaﬁomcls more eamoly uoed 4n

L Hy
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paico pctuelicn c::plicammu oro in o fam of pazous ocafe-rigid
tilcos qz cofl blamto Co dosicmod for tmﬁdimem in £ront of ocfe
lceting bounicrics of roing, onclasurody Guets, d $Oa O
Thoso ootopiolo oro ovoilceblo in popy verdotfonds  Shoy ooy bo -
s8injlo porouo ncsﬁss‘e thoy noy b eovored with looco 1light voight
Coabeenos vhich eon o cowd frocly by tho inpinging scund vavoss
or thoy ooy bo ulod vith eolativoly irmobilo feelnzo, ooporato o
intopeal, part of tho orea of vhich io ozonod by slotoy holco,
or fioourcsy Go pomst £lov of olr in and out of $ho porcus Dody.
£ho ovownd cboorbing cuopoctorioties of thoaco €oaiifce notwr ials
Goxczd on o nribor of phyvledl proportico ouwch o {ho freotin of
tho volumo yonrocontcd by ceconsiblo ode opoed vitain Che nolorial,
eoilod 1o poresity, tho propoure roquisod to profico o opoedriod
£1cz o2 cir thousd o ngtordcl, o2 tho flcr rosistoaed, o
tho mchauical peopertiss, such ns (o woirhd, ncchanicnl Pooiotoneo,
el cudggrona of (ko vepdess ofsuptord olemonts of tho oatoricl
Lor 0 popticwdce cm‘aix:; vecle DBE20lly d0noztoamt o0 o
of gocmobtele pongtors nr._:z 3 tho thichospg- of o nobepidl,
o Copih of motepicl bolrcca Sho a2w 8Dred i poflcoeting boehing,
o thielnoo of omn fesdngn, o cizo oo opooins of porforotican
in §ho Leelnp, cald tho Zopth of Chodr pooatrelicn 4nto tho pomoas
bady of Cho oateridl. Sound choopption fa theso Lohtliar notoriclo
gee?s prircipally Boecrso U ooand vowo peaidvec £lo2 of afy
in and out of Mo rorows body cad give wy ovch of Shoip cnoRgy
4n ovoreoaing vicecus famcos, but 4n sen ferme o oingaificeat
ol of corpy HOsPPiien Geeurd,; [omoPally o8 1CT SEOqEca0ico,
&3 a peowil of frietionnl leones in theso noehondend cloncats of
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tho gbsorbor vhieh cro Sorecd o vibpato D tho 4cedloal ool vIvssa
sl ooonl cboording chopestoriotion orcualy opoglfic, ob o oo
of froguoncios onzanpassing o oudidlo pongoy 4a torns of Ui
freetion of Lnoidont oound caceny vhich 4o oalScrlols vildd clooEd
in o A4fYuopo coned €404 vbon oy oRe usod 4n 1300 paiehosde
000 oo o 00 cdlded frcvorioraiisa rax chooppiica e30fiicionto®
bhoving dicopsienlcess unfto, ocbins por oopers £330. Zomirclly,
tho valuo of chaerptioa coofficiont (L) of o glton froqrcacy 40
tha coctficiont gvornrod ovwr oll angice of ind¢éoics, IS hos bBooa
g cumon presuico to 14t o valuo of L p wovelly oo 150, ©83,
517y 2504, 0023 ond 4T3 cpeleo. Tho protomt doy tonfoney 4 to
ppeolfy of 1IN0, 050, £00, 1CCD, 070 c=f 2003 eyclcne [or orobical
TUDLOCCo, 2CCC Y0 oovics of froguonodco cun Bo woguRled Lo
fCcanioni, ,

“ohle €5 zivoe W chooEplica ecstiiolenl of o
CoR0 eooncly wool oauntics poiesids o ¢F T €7 nohen

- . ” “
DoPAIT0 QUSTCe

Poz roat p2odlcas im nodoe ecateal thic infomactica
i oufficiont for proaicting tho oeoustical offcoetsc ¢ a posticovionr
natorlal. HxOvop, oxmact troatnont of ocoo pradlens, cuch oo duel
cozduation, Ccencads noro fundcaontol 0:oelficclion of choerbont
ncloricis dn Corms of Chodr ceeantie inmpodoneo connonoa®s of o fune

etion of £roctoney cd mdle of fncldonel.

4 M parcas DRt hoo Pory 140G3e choopplicn ot
1o feequonedos, bab Sho choopplioa offdcioncy inssoctegirith Lrce
geomey €o a naints valve dotor g Uy Sho Shidmoss o=@ goocific
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physieal peopdrtics of th porans nalorial (000 A Pige 540)
Inerocsing tho thicaoss lovors tho Croguoney ot vhich pomicm
chooppiion ccouro (65) uvithout grootly offocting tio odgorptic
ot Mgh froquoncics (B Pige 5.5) For thin blankots of tho oxdop
of 1/2 4in. thicknaog or loos tho paximr cboosption oceurs o
oo high o frogquoney thot tio ovorogo choorpiion 4p incfoguoto ovoy
tho froquonsy sopicn inportont for nest poiso podwobion applicabionn.
Tho clditicn of o proporly desinmad porforated ﬁ’wm to a poroun
blonkot fopopto foponcnt propartics vhled incroccestho abaserpiion

- 4n thn Qopircd Croquoney rogion, but ot tho oxponao of abaezptlon
ot highor froquonnics  coprzo A ot AY, B z:r:ﬁ DY of Pin. 5,8),

Quiteo ofton on odp specc 1o 1oft doltucom Cao oboOPbing
pabordcl cad duet vcalls. In sueh casos, tho choosption ab €
icsor froquoneics 4o olightly ooro but ot nid oad high frogecroios,
it $0 ooorly G0 80 oo tho ono without emy adr gpeco (57)e it 40
ampostcaé to zoesgnico that offoctivo ohsozption of 1 gecgquoacios
inplics conoidoroblo bulk inm tho cound choozbor. Uith procticod
porforated foeingo cad porous £1llorn, poa:ing ¢ho choorption
chopoetorintics in thy Poy of 10D « 200 cpo poguiscs o coyvh of.
4 %o 8 in, bochind o feeings This coponticd bull (cnd s coacss
quont chippin- cost) 1o ono Eocdon vhy Antopral vndto for low
froquonzy absorpting oro not se provalent eamorelally, oo tho
himree nntertalo vhich cro onitablo for Dho coro frogquaontily
cacoambored nalose reduction problcaa.

5.,6.2 ARDUIATION IND BTRAICER LIITC) DUCTS g
Ducto Edpod vith porous notorial chor a lo?
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tyodeal peoportics of € porcs catericl (o0 A Fige 5.8)
Ineropsing the thicdiuoss lovors € froguoney ot vhich narminm
choorpiion ceours (65) vithout proatly offceting ¢ chsorptim
o Mgh froguoncics (B Pigs 5.5) TFor thin blagtots of o ovdop
of 1/2 in. thieknoon or loos tho manimm chaoorption oceurs ob
go high a froquoney that tho ovorane chaorption 4o incdoquato ovor
o froguoney roglon inportiat for post polico rodzotion typlicobicno,.
Tho ¢2dition of o proporly deoignad porforatod Lo2ing to a podous
blonkot 4oports poponcnt proportics vhded dneroccostho ahserpiion
 4n o Gooiscd froguoney rogion, but ot tho ompongo of chaorpblon
" ot bighop groguonaios { capeoo A ond Aty B mﬂ Bt of Pane G.5).

Quito ofton ga olr opeeo 1o 1oft botucom 3 obooebing
catoricl Guot volls. In oveh coo0oy tho cbooplicn at
dovor froquoneics 4o olightly nawee but ot nid oad dish frogeontlos,
1% $0 oocPly tho om0 o8 tho oao vithout ey cde gpoeo (57). IL 40
m;:om:anﬁ to roeognico Chat offcetivo absorplion of o Lrcgqucaeios
inplios connidercblo bulk' in tho sound choorbop. ULth practical
porforated faeings cad porous f£illors, poaiing tho chooppiion
choroetorinties 4n thy panm of 100 « 200 ops peguises o dosth of
4 to 8 in. bohind tho facings This ecsontial bullr (cnd 3 €3asCe
quont chippin- eoot) 18 on2 Focdon vhy intogral valta for lov
froquoney obsorpting oro mof oo proveleat ecomorelnlly, oo tho
thinmer nolepfals vhich cro suitablo for Dho coro yoquonily
cagecantored nylso roduction probleug,

§5.,6,2 ATOIUATION ZIT BTRAIGE? LITCO DUCTS ge
buets Binod vith poconn natorial chor a low
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Cohennetizn o 1oy od Rinh foogroredes oith 4 030 62 s prononncrd
 pla A Lol sl vaconi 8

Loy abtomuntion gt lov froquencicad 4o Exo S0 (o high
cesastice dnpadoace of lor frocuoneios. AY high frocaoneios vhom
tho vave lonsth 4o loco ¢them tho vidth of tho afy ppoce in 82 GI0T,
tho $ronovorce wowao wo royddly chaorod ot Sho bogimidng of tho
duct cad tho sounl propoznted clong o du-t ecmoiots nafnly o o
boy of aeidl vaves. FThis oo tonds Co treop in tho nlddic of
tfm duet ad fo nrfceted 14Gk3c by tho obisosbont vello.

Tha Gonoity of U pooow caloridl c2foeis SRy attorze
ation to o considopodlo oxteat, At dcv éaﬁﬁs‘.tma,, it 4o tepastisoion
Sloms tho 1iming ool noS oloms ¢ho ofp ponScoos Aok Cotorire €ho
porfornones.  I€ hos Boon forad (53) that dn bull spoeincas of
rack veal vithin tho Consity poyo of 6 Co 20 Iho nor cllsy (R0
abtomaation of sound in Ccolbelspor £o0t o az:mtaimatcly peopoztional
Lo tha domity. Kooring thoe aéf;omam:)a ot coo Conoily, Cho ottonue
atien vuim ot other deaoitino cob bo doride ublo Ju6 (G3)
gives tho pttomotion valeos foz a goek vool ooplo 6P donoity
10 Ibs./eft. ot Gifforont £rocucneios.

AZTCLUAZION YT BUIR ROCHKUOOL AR DIAVLNLIE FuDUDLICINS .

Peoguoney '
cpa 1c0 <30 400 €00 3C00 3200 G200
AGtomaction 24 31 20 &3 71 €2 g

db/Es.
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€ o duel 40 1imad on far oiCong Sho €olol oltcmacs
$i3n ooy bo obtalecd by oddiag, oeithnationlly, o attomnlicn
of Untoidontto tho ottomition of thottop ool Botled? of ¢
doct, A ogquoro duct 1incd on faap oides vill hevo Hoat tules
tho pthomaction of o duet limnd on ealy tuo opp0oiln oisan,

A% 1oy Sroguonsion  Dduet vwidth %1) b
{uovo Loanthia) < 0’1 b

Saldnoto opprosincting for obtoruntion (69) ngy do
usod for obralght fully 1incd ducts, Ocbino Foumd $hot attonuntion
of o lincd duet coald bo oxppco~cd o3 | |

W (M o 10,4 1”5 P p— )

A

vine [ o odico peluotion . iav /T8,
of © 0hooeplion coafficiont of tho lining ootoriod
P © coouctionlly lifnd porf-otop of Guety in
A = Croio goeticnel opon oog of duet, an°

Thio fornala veg dovolopc? Loz o sot of Cuelo
roaging £ 0 £ O 4.y €0 38 2 10 in. ond Lor &oos coctionnd
ration upto 2:l.” Using notoricls hoving < botucon 0.20 cnd 0.C0
@ froquonsy Po2o0 Boftocn 256 ops ond 2049 cpo. %his foroalan
Loowsos fpercrsinsdy incecwsats oo "i' inogonsosy 2 400 uso oot
Ba peatrioftcd Co cacll walooo of 7\"— (1o Sroguonecion).

in oltopnato forn of oquation for attomintion 4o (CP) -

AtSomantion o [ ,p ab/ee cwmcmesses { Ga3)
4

vixeo K 40 o emodbop vhich dopondis upoa tho abooaplion ecofficiont
of tho iininy ol io givon Dy Pige Be00




500,83 LIGCD DIEYII gm

2 gtlonnciion of osoond dn o bond Moxd vith
ceaanticak notorial & ouch noro thon that of o oo wlin-d bord.
A tho bomd mlliplo pofloetion of ¢ho comd waven 8ctwoo pleso
vhich iperapca tho odbtoanation, Vory 1ittlo dota oniol concozpoing
tho obtomaction, of bomds geoatcr of Jooo then £0% Seoo dcta
oo givon by Dogcrnk. (G1) od Brittoin (02) for bonds Joso haea
0P, o o porsh apnreminotien, o0 ooy LI0Es Who abtomantien
%o ko proporiiondd ©o o onglo. Por oncoplo, R clicmaliun ©f
o 30° ond ey Bo ontiacted to by caceidisd that of o CP tord.

‘Pine Go? {G4) pivon 0o volud of oticzzolion Lop
gguacRe copnor Donks vith (ol vows. Tho ifaing chould ozbond
povoral deet UGt Doyond o cormoR in Cho dircctien of gound
Crononldoolens POBCL ablomaot an Qo o o bBond 4o G oun of €he
attomntion valuo pivon by 8o progh cmf tho abtomoticn oz o obzaight
Cont hoving 82 oo Cotal Jongth:  of linipg unod,

Be8s & RUCZATIILAR CELLe0de= GPLINIILFYPD ABIONDTD go

thon ¢ho avallablo Guat van 40 shorl, cidod oltommntion
ecn bo gdimd ot tho onpommo of Ancwoosed precauro dpop by aividian
tho @uet into ch ognveoto (0 of soandepdnording soctonmlce ¢olls
or by dividins 0o Coct with oound oboosbing ploto opRiittors. To
provito cfograto oound choooption, ol oueforas of tho dupt od
0plitloro o0 13028 0o chovn in Pige 886 Dge 5.2 @en 0o vecd
for colonloting tho attomotion,

A0 Sn 0 eoso of 1icod Guntog (o obtommntion
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ineroneoo gtocitly vith Lrogeoncy up to o polat vinwpe th vave
longthn of sound vavop begess losg thanm chout o thirds tho vidth
of oy chomanle Abovo this froguonny, tho Stonuofion £011 peoidly
cring £o tho incronsing tondomoy of tho soumd €0 keop Co o Soo
oz not to £lou lotorclly to tho obopobont surfocod. Tho itoave
ation Sncropnos foz o givon froquonsy and thidurons of lining oo
tho ridth of olr chommol 15 roducofs |

IZ the acso of o ofoflop 1fncd duclo oporating
pido by oido is conidoped, oyoootyy woddd oagpoots  thot tho twe
rdjceont vnlls emm bo pcasvcd logving tvo intorvoning liningn
bralt Go book, vithout substomtinlly altering tho sound attonunbien
of onchs Ioneo g oplitior of thieknoss 8 16 cguivalont oo
rogarde otbtomzation to a 1inlmg of thiekzoos t = O/B,

In €ig. 640 (G3,64) trogrowycaomts A o2 D ¢20 chem
vhich haw thy oo count of chaorbbing natoricl, tho pomd £roc mRon
od tho scae cutolde duet ddmonsions, tut ko zamt ofF coond
ahsorbing surfono cad Shicknoco of lining opo Afforont. RO
omporinontol pttommotion curvos fap thoco arpeagesonts oo thovn
in Pig. 5.30. It eon o oon thot 1o £roquoncy ottormaetion cm bo
 4ngpocsof by hoving thickor oef 'fmmr mmbop of ppRittors, o loag
oo o peouldbing dneroaso in choorption ceafficiont offects Cho
Goepocso 4n tho poatle P/A

5.0 PACIACCD SOUHD ATSDIUAZCES fe

Peoticged (profobpicated) abtomuatisd og0 OOpoeiclly
ucoful thicre high ottomustion ovor o vido groqucacy of ronze 4o
pogoaircd ord the svailcebio longth | ig 1initods Such attomantano
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{smotinos colled cound tEopoy oilorcors oF cafficsn) oo aveilodlo
in both roetongulesr ond pound Losno, [osontliolly, oy cinsiot of
oo outor notal sholl eontolning variaus alp poasaso configurations
ko odr passagys hovo ons of nese cupfocos nodo of o porforated
tobol, bobhdnd vhieh in peshod 1ight woight £ibroun, soumd choorbont
natcrdol. Tho £roc opinidng of tho ale peodogosy of thoie m:@:#wadc
pointy nay bo e 25 to G0 porecont of tho Sotad body cron (oatoido
dsconpiom) of tho attemntor, dopomfiing upea tho Foquired ottosus
tion and cllounble groocuro drop. Tho alyr posces o ooy bo formod
with oithor, (o) ewved passages vith rolativaly loego £reo
oponines or {(b) otealht throunh poosozos with polatively saall
opSningd |

Roctansulor pockoged attomiators apo cvailcblo in undts
vith both full sdzo oad belf ciio duet commcetions. A fld oiso
mit hes duet coancetions of tho oo siso oo tho catodde &y-ooieas
of thy attonuator body itoolfs A half olco undt heo coarceticnd
£op duet caly haolf o big oo tho attonuctor body in oithor vidth @
hoighse Pull sizo eoametions are eoonoaly vood vhom ottonzators
o0 osooabled 4n bonto for largo duets. Holf sizo ¢oanceiors oio
uoed neatly in onoll duets, oopooiolly vhon duet volocition omo
B letively high,.

GeGol IDISD NUDICTION ILCHANISIS g
- ko £xoquoney noiso em'h@ rcducsd By chonzing tho
duet ooetdm papidly. Im opdor to rofuce procouro (Grop, tho duet
40 neto oagfom dn epads soetion by lining tho oiGas of o axpendod
oocotion with porous blotots.
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Loyvhly, G nico pofnetion ol lor [poguonsion dopondo dosot

catiroly catho fotio of (o $otdl eposs goction of tho obicmabor

¢o tho opon cposo cocticn throngh thich ale ﬂcm « provided, of coueco
S longth 4o fincd.

‘ A% hich froquoneion, oound voves bohavo oach 1o
o boma of ifcht, IR 1in0 of olit Chrouch (ho cuffley 10 pooe
- hibited, tho mdico soednticn vill gomorclly to ¢nito lorpo. [igh
frogu oy aoico doponin mieh 000 oa Cho bopds hen on tho 1ining
of thy duet uglls, |

1eh tho aroos soctiong opon oroa ol gocsatey inld
oonotimb, tho noico scdwtixy ngomdrolly dnepcoscs vAlh Ancy oolnr
longth of tho umity but 46 in Cofinitoly mot dirootly proportisndd
to o loagthe Dut 0o popeontoge of hich froguonyy adloo peduction
vorios 145830 a0 o fwotion of longthe Tho modso poizetion of (ho
cabination of ua udlits i covics 40 nol oguol 0 Uo g of tho
noico poductions of ooah, Bub oignificontly dcos ¢hica U Gun,

546,2 MATICH OF PACZACTD [CTOICNTONG go

Profchricatnd cficmators o0 pated 4n tomns of ot
2dco poduction (f2) 40 cooh cotovo bowde Tho pabing chould
ineluin cir £AsU rogiotonedy nalco pogomrpation, ol w nst

Consico golrstisa of G coborminkor 1t-olfy orzluoivo of ouch

Leothomo oo and mafloetlony Docning, flonlidngy oborling vovogy
pogn cboorpticn, |

Typicck patings of oomo cazorpeial prefobricabted
: data
Dotlico obtemastors ¢3¢0 givon in Toblo 545 (G6). Tho.10 nol
ceoploto, 4o thal 40 oo mat dmcledo dala on a’casn:mﬁﬂon?%maﬂ,
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- 5eGels BOLOGEION OF A THIZ gw
2ho goloction of o frofobricatod obbomunter for o
givwn oyotey fuwolven thpoo stops. t-

1s 8Scloet tH atmwmtas longth mweosocry o0 $reTiD
o) naisc Mueticn(m) in oosh ortovo bead ob looot 8 db chibvo ¢ho
mquirca a8:02 - atica eoleulatod, Ino tho citonuation provilsd by
. ony duet lininy oF linod plonm.
| 2e .C01cot thy foeo £ooa of (Gio polie~cd atiomactor oa
tho booin of o prossuso dpop clloveds If o proscuzy Grop of
approminatoly 156 poresnt of tho total otatie proocsurs in ¢ho ody
bondling sysics 4o olloved fortho cticmuntoro, o caloido boly
dinonsions of o ottomuator vwill gororally Bo mnsominatoly tho
oo o3 fhe comoctinl duet voxit,.

3« Cnek for posorozoiica of anico b tho oir £lou
volocdty coprosponding to Ho £oloetsd £oeo nmog, ool 42 £IeCINITY
incrocso tho £on0 o000,

AMr flcy thecagh tho abtommotor poosenon peefiucos
turbulonco vhich, in Surn, gonorctos courmd. Tho soupf powor logving
thsy gitomnter comot b2 lcos than that gonorotod by tho ole £lov,
logenceatod gomnd poror Iovolo, Choroforo, limit $ho mot attcamation
edbainoblo » Tho pond lcoger oiso vt choald bo scubstitutod 48
& 1o Lol ¥l in cny oolaovo bond, tho power lovel of tho SOLOIORL
¢2d cound 4o na% at logat 5 db lovop thon @62 posop lovol ghapld of
€0 of'canotcr oinus tho poguired ottomantions



A plonms cheador 40 o lorgo bon coansetod by ool
oxoainge €0 o or ooso duett. Thopo avo romrally ucod 68tor ¢ -
£on dischorpo cafd cloo in tho roturn oy circait. Plogm ebobors
troalod vith commd choozptive ootopiolo often provido wey offcelivo
oo of noteo controks Thoy oro used in watilation syotcn to
roduco noioo. 4 gcound tpogtcd coxpidor Doy b ucod Co roduen epeln
tall botucon moor by Poco with opon doory, the ¢orpidor et oo
o plonm enonboy.

Plommn eheonbors eca B singlo oz nuitiplo 1.0« $00
op 0ore cheabors An Sopioss Ineroqicd attomz05ica ean boe obiniacd
in ¢ooo of cultiplo Plomrme.

Fige 511 oovs €0 photeh of o oinzlo plomm chobop.
Tho ehoabor 40 o boz tith d@oensiens L = 17 8 10 ard tho onteeneo
cnd the ontpoaco ond omity cdsuzd o b2 ool ; opo ORito vith
diromion 1 1 v in Qicaendtly opaeadto pooiticnn. Tho potio 1/bL
vhich 40 donotodl by n, &0 of porticwlor inboront oo 4L Foproscals
tho poreonitono oponm csoo o o plonrm indod and ozit. XU hos boon
foand (G8) thot with fmoroeoiny wluso of O, W0 Clcsurod attonuation
80 ¢aedbolo doesocnos for o particaloy froquoney o5 shotm by Toblo
5.6. A% highop froquoneics tho ottomaotion fngpoonon. Thio 4o
dun ¢o s oot thot of highop froguoneics tho chaerption ceafficiont
¢g tho lining noatorial oloo 4noDOnnes,

in eczo of doudle plomrng, tho ottomzction 4o not Swolco
- thabt of o oinglo chcobor of Wio s dromdficyy, bad olightly loon.
Thio 20 & $o tho intoroetion botuooa cuecossivd eBodOPn.
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&,13.,2 CONDENSER AND EVAPORATOR NOISE s

A nolsy condenser is usually caused by mechaniecal
vibrations from the compressor or by ungbsorbed gas pulsations in
the discharge tubing, % foréod econveection condenser has a reduced
noise level than a free~tonvection condenser. Isolation of tho
condenser from the mounting and also use of mufflers in the dise

charge line help to reduce the noise,

Evaporators are oxcellent acoustic radiators, The
most probable souree of the energy exclting the evaporator is the
refrigerant 11quid gas mixture leaving the capillary, %he noises
include intermittent hissing, sénealing or wvhistling, and rembling.
Tn room air conditioners fan noise usually predoaminates, but .
capillary noises can be a very irritating part of the total noisc.

Capillary noise can be minimised by mass loading of
the eapillary tube and 1iguid line in the immcdiate grea of the
eapillary exit, and muffling of the liquid gas mizture as it
leaves the capillary., A length of heavy wall tubing with a smallor
- inside diameter than the evaporator tubing between the capillary
exlt and evaporator entrance 1s effective in reducing the nolsc
energy. Another method is to use a sintered, porous plug at the
capillary exit, Changing the angle at which tho capillary meota
the evaporator tube or bonding the 1iquid lino beforo it roachos
the main portion of the evaporator may also help to reduce the
noise level., If the capillary entrance is flooded constantly,

the noise genorated will be less intermittent.
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specified direction and p ., 1s the aquared pressure averaged
overall 4irsctions, the directivity factor for the specified
dirvection 12
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