prisons, where ducts could be used for

cells. In this ease, o credit should be taken for the ratio

S./S.,uthemmahswillmoveclnsewtheoudztstohlk
to bisten.

STEP 4—DESIGN OF ACOUSTIC TREATMBlT
FOR DUCT SYSTEMS

$e|echon of the Absorphve Material
Whmasonndwnvexmpmgesonihesmfaeeofspomus

ay
weampenntcfmmloa‘tduewhmn&

ihm:tedlmgtbl:;geductuspeudp

containing such elementa.
2. Imdummthmdshmrbmgmtmalwhmhabm
thermal & Note: ust be i

&Imwhneddmuxuumdmemelbonwhk:admm
sound and sound
d sound absorbi s into
urposi’dcgaxﬂmm
pldub icated attenuators wi contain apecu\lly
. flled with sound abeorbing mat

‘uhnpedpefmted
'Usunlly sevemlarmngemmtamoombmed mordexto

osuund

mtennl,thamthhmd:emaﬂpomoﬂhe ial is'set "
into a vibrating motion. The flow resistance within the pores

ofﬂxemauanaloonvensaporhonofﬂmsoundenergytob&t'

The decimal fraction rep the absorbed portion of the..:
incident sound wave is called the absorption coefficient. Con-
. siderable absorption may also result, particularly in'the Iow-’

ﬁequency range, from t.he ﬂexuml vibrations of duct, wulls .

Sfepa.

Aﬁenuohon of I.med Plenums

Awundsbsorphnnplenumonﬂ:zm;dxschuge,asshawn

Basedonhcru:
of the absorptive i
. ﬂmful]owmg points should be considered:

" 1. For the ab of the 1 ien below 500 cps the:
mmnumudbezmummctﬁmmwnm,
'hmmwnﬁedonhudsuhdmﬂwes,mﬂlbsurbonlytho

frequ
2 It. hu been shown™ that increased attenustion at frequen-. ;.

ciea below 700 cpa may be realized by uing a perforated facing in
which the area

of the i mfmm.'itolo t of the.., ..
pafnn jons mpemm ot

surface area. Such facings, however, sound absorp-

t:nn “ g Sy behind the material has considerable eﬂ'ect
(nee ﬁg lﬂ) mrpnon coefficients should be based.on the par:.
mounting method intended.

Soundahsorhmgmacemlssmmblefurusemmduntsué
availsble in the form of blankets, semi-rigid boards, and loose
ﬁIL Specifications and absorption ooeﬂime.nts for mnst ms-

inad from the Acousti ..A-A

T'be fuﬂowmg add.lhoml pmperha( s)hould be evaluafed in’
ﬂ:e of

h to

’ and crumbli (2) fire and com-

phanm with national and local code requirements, (3) particles
_should not fray off at the higher air velocities, and (4) freedom

mhau

1 s fFici

t of the Lining, di i '
. p!mmmtmmmfm P
S.—plmumwl.llum,squanfeet.

d = distance between entrance and ‘exit, feet. (See Fig.'17.)
# = the angle of incidénce at the exit, ie, 'the angle which
theduectmndmahswﬂhﬂmnnrmdmthemtopenmg,
degreea:
. The ratio re inted. by t.he"""térmm
16 is evaluated by substituting valués for the symbols. From
thxsnhomloweramlnofﬁg. 1, proceed vertically to the
i ction with the di ] and then read the attenuation
of the plenum in the left vertical scale.
For frequencies sufficiently ln@ 80 | that ﬂle wave Iangt.h is
less than the plenum di 16 is
within'a few demhe]s. At lower fmquencles, Equation'16 is

Tlodorwhene:ﬂnrdryurwet. conservative, and' the actual attenuation exceeds the calcu-

be msevemlw;y:tmwhmhmundabsorbmgmwnal hfedvn.luebystolodb duefnaound_reﬂechnnbyfhc
can be arranged in a du syshem -

" T :

H ” H Ductl:mngsmaybedemgnedforthedmlmchnnof -

'8 LA v:dmgsoundabmrptwnmdt&rmalmsulatmnmcknesu
Hauf oo mer AL etmein § 3 . ar usually adequst o thrml i
S' JAIR sPAcE o,"\ I;I
S
£ 7
50, /I/, is very complicated. Empmcal foriulas, Guch as Equmon
z 3 24 . — l7“eanbeused fordwgnmlcuhhons mﬂxmeemunhrmt&.
E 7 1 tN. THICK BLANKETS ) .
2% 2 wloePTH of -
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o Sound Absorbing Coeffcients” '

Fig. 16.... App

" Fig. 17:.. Diagram of Sound-Absortiing Plerum’

Sowd: Cotrol *

: -: Table 19 .... Values of (a)!4 for Equation 17 -

Tl s 209:

cm?-" o.10 | 0.15 | 0.20 | 0.25 | 0.30 | 0.35

0.40 | 0.45 0.5 0.6 0.7 0.8 0.9 1.0

e 0.04 { 0.07 | 0.11 | 0.14 | 0.19 | 0.23

ti ives the ion due to the lining which
should '.hcn be added to the attenuation of the unlined duct
(Table 13).

Attenuation (db) = ll&sia'-‘ an .
4

where
1 = length of lined duct, feet.
P = perimeter of duct inside the lining, inches.

’_S‘ cmm-su:uoml area of duct inside the lining, square

mdxes. . P L
a =.ab fFici ofl.mmg(a ion of frequency).
- The value of o'+ can be found from Table 19 tor va.rmus
values of a. . L
Thalmmhmuoqulmenﬂm ) .
1. Smiallest duct d.lmmnon should not exceed 18 in., and not.
belemthm
2. Rahoofductwldt.htohmghf.ahodd not exceed 2/1. -
3. Theab for the

hnmwband.Aweﬂiamtnt&ncps,formm is usually
. too high for the lower purt of the 300-600 %oavuage

of the coefficients at 250 and 500 cps should used for conserva--
tive results; if cocﬂicmnm on an’octave band basis are not nvula

4. Air flow velocmes ehould not exceed 4000 fpmas
5. ng;un 17 dna not allow for hne-a!-mght pmpagnmm of

the next lower octave band (24004800 cps;

way between 10 db and the value a.lwlated from Equation 17.
The fmquenq above which the 10 db limit applies i3 inversely
proportional to the shortest dimension of the duct.

Fanking Transmission

Some recent test data for 12 X 12 in. ducts® are shown in
Fig. 18. In the first 5'ft of the.lining, the sound level in any
bandmt.lm850—2400cyclemngewaafoundtodmpmuch
faster than calculated from Equation 17. These tests confirm
Morse’s prediction® that lined ducts should bave E rat.ber
steep attenuation peak when the duct width is b

0.28 1 0.33 | 0.38 § 0.49 | 0.61 | 0.73 | 0.88 1.0 ..

1. Only‘bnhmngunthendaofmeductmmvolvedmtbm
interaction. SN
2. This attenuation is the effect of the elbow and should bé’

3. For best reaults, the sides of the duct should be lined, both

" before ‘and after, the elbow, for a length of at least two duct
-widths, This length is’ on a lining thickness of at least 10

it of the duct width.

4. lfuxaductuhnedonlybdoxeordter'-hedbow, there is
%ium l;mmsthenunuon,ushownmRowuBdeof
e : .

5. The attenuation which ¢an be credited to the ducthmng is!

the difference between the total attenuation in Rows B, C,’or D*
of Ta.ble 15, and the attenuation of the “unlined elbo' zRaw 'A).
6. The listed i in elbow nl

are |
wnh .duet lmn‘x_gp, notmth'.:so‘:x:éimpaorhnedplenums. R _y :

by 'lining
t.hebmnchductshownml"xg 15, forale.ng'.bofth.,mtblm’ '
sound absorbing blanket insulation. ‘Assume that’ the, duct sise’ -
can be in to 14 X 20 in. wpermxuhem.melnmde : ¥

sions of 12 X 1B i .
‘ Solution:. The perimeter of the duct (inside the is’ :
12+12+18+18-60|n Theductam(mdeduhmng)‘ 4
812 X 18 = 216 3q in. - ) o
Valuee of a for the octave f; bands are found from’ Fig. , '
lSmdeutcmdmLmaloanbeZO aluuofa“mfoundfmm_ B
TLble 19 and-entered in Line 2. ° i
From-Equation 17, with P = 6011:., S =216 8q in.,, 1-10 g
ft, and using dxevu.luao{a“fmmlangZofTablem the at-~
tmmhonduemthchmngufoundmdenwmdmhm

Nk
N

mdtwotnnesthswnvelengthofﬂ:esound Fig. 18&!snshows
that, after the first five feet, ‘attenustion rates were much
hwuhbanthoaemlcuhtedfmmf‘qmmn 17. This is due'to
"heﬂaﬂkmzh'ﬂnmmonofsound telegraphed along the vibrat-
manﬂsofthesheetmemduchhuﬂsnhngmthehnut-
mzfﬂcﬁﬂrmanyirequencybandmwhmhfhehnmgsﬁenu&-
ﬁonmdndzdbperfoot

Practical f las for ealculating these two ing effects

: donot'eustattbxshme.ltxsthmfommeommdedtbat

By

17 be used to the lable lining attenus~
hanand!h?tﬂznhlewbmhcnbmhbemstaﬂedforevuy
25 db of lining quired in any fr band.

Interaction of Duct Lining -and Duct Elbows

Ifﬂ:emusndbowmnlinedduct,d:ehne-of-ﬁghtpmp&
gation of sound rays is interrupted. This results in a consider-
ably improved sound ‘attenuation® at frequencies for whish
mewaveleugthofthewundwshortexth&nthaductmdﬁ:,

D, (see Fig. 14 and Table 15) 1t should be noted that:®

a X
: .

1 N ®

sa, i -

i A
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