METHODS AND SYSTEMS FOR | NTEGRATI NG SOUND ATTENUATI ON | NTO A FI LTER BANK
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brought to the structure to be 1nstalled or it may be built on site using the appropriate devices to
meet the specified air capacity. The air-handling compartment of the air-handling system
includes one or more fan inlet cones, fan units and a discharge plenum. The fan units include an
inlet cone, a fan, a motor, fan frame, and any appurtenance associated with the function of the

fan (e.g. dampers, controls, settling means, and associated cabinetry).

[0003]  In certain applications, filter banks and sound attenuator banks are positioned
upstream from the fan. The filter bank is generally spaced apart from the sound attenuator so
that maintenance can be performed from within the air handler. The space between the filter
bank and sound attenuator increases the size of the air handler and may cause an unwanted

pressure drop therein.

[0004] There remains a need for a more compact filter bank and sound attenuator

configuration that reduces the pressure drop within the air handler.

SUMMARY OF THE INVENTION

[0005] In one embodiment, a filter bank is provided. The filter bank includes a
housing having a front face and a back face. Air flows along an air flow path from the front face
to the back face. A filter layer is held in the housing. The filter layer is oriented between the
front and back faces such that air flows through the filter layer before discharging from the back
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()ate:. configuration that reduces the pressure drop within the air

handl er. SUMVARY OF THE | NVENTI ON [ 0005] I n one enbodinent, a filter bank is
provided. The filter bank: includes a housing having a front thee and a
back face. Air flows along an air flow path fromthe front race to the back
face. A ffiatd ern| atesuatios lfyet ¢ positidned hatisi thg. holikieg fa hﬁtc&matlea;yerd assthorsbemi ed
bet ween the front and ba ch t rough the filter
Payer  berGreteaabrre B8 Tepb At it TRlaBhlon HEeh IS ¢ Hei nit

posi t i onettle wir tihivrlirediwnhousi ng to attenuate sound as the sound propagates
between the front and back faces. The attenuation layer is oriented to

extend al ong t ir ro dir ctlon 000 n ano her di air
handl i ng unit ﬁgkﬁrOVI g& PFmﬁa d?rggKUH¥ ﬁ%PﬁHg§g jggﬁnﬂgpgﬂkamnng
an air flow 1peit1dibstahﬁaﬁ)lﬂ(gmm\hﬁg ah ra1r|‘fhﬂdbath]@1rlillightthe Arthddlies ubank fikerfaol isded
for filterin eair f ank ncludes hous avi ng
2 F om t SERMHRE ciine 88 o pouk | G ik SingReedaT £ TPFOM (e BOTh Pite

front f aCZQIdtaQJaElh&,CbaQK‘ fteelond thd 4if @6wlpayefonh shelTRInd fac@td fhe bhskusddN oA ﬁTJsae
filter ayer .| Fﬂgm%ﬁgted betmegp the front and back races such that air

f1 ows th 6¥th5 tgrsingy ehe Bk drier o SEREF JrEr fsnT ehanb vk frege duchan

attenuat i@ diaes thiduOhb tit@nNSr BebRl dischNeind Al MO AR Al eURlRaBOM DYerdS
t he sound progagates etween the front an ack laces The attenuation |ayer

i s ori enti@dotigonsd tvatip sahedwgsm&@ alfgnugtp Svndi asebe peywid propagates between the front

and back faces. The attenuation layer is oriented to extend along the air flow direction.

[0007] In a further embodiment, a method of filtering and attenuating sound within
an air handling unit is provided. The method includes positioning a housing having a front face
and a back face within the air handling unit. Air flows along an air flow path from the front face
to the back face. A filter layer is coupled within the housing. The filter layer is oriented
between the front and back faces such that air flows through the filter layer before discharging
from the back face. An attenuation layer is positioned within the housing to attenuate sound as
the sound propagates between the front and back faces. The attenuation layer is oriented to

extend along the air flow direction.
BRIEF DESCRIPTION OF THE DRAWINGS

[0008] Figure 1 is a schematic view of an air handling unit in accordance with an

embodiment.

[0009] Figure 2 is an air processing system that may be used with the air handling

unit shown in Figure 1.
[0010] Figure 3 is a top view of the fan wall section shown in Figure 2.

[0011] Figure 4 is a perspective view of an embodiment of a filter/sound attenuation

bank formed in accordance with an embodiment.



[0007]1n a further enbodinent, a nethod of filtering and attenuating sound
within an air handling unit is provided. The nethod includes positioning a
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view of an_embodiment of a fin sound attenuation bank formed in accordance
with an efbod FenRterdance with an embodiment.

[0015] Figure 8 is a top view of a filter/sound attenuation bank formed in accordance

with an embodiment.

[0016] Figure 9 is a top view of a filter/sound attenuation bank formed in accordance

with an embodiment.

[0017] Figure 10 is a top view of a filter/sound attenuation bank formed in

accordance with an embodiment.

[0018]  Figure 11 is a top view of a filter/sound attenuation bank formed in

accordance with an embodiment.

[0019]  Figure 12 is a top view of a filter/sound attenuation bank formed in

accordance with an embodiment.

[0020]  Figure 13 is a perspective view of a filter/sound attenuation bank housing

formed in accordance with an embodiment.

[0021] Figure 14 is a side view of a filter/sound attenuation bank formed in

accordance with an embodiment.

[0022] Figure 15 is a side view of a filter/sound attenuation bank formed in

accordance with an embodiment.

[0023] Figure 16 is a perspective view of a filter/sound attenuation bank housing

formed in accordance with an embodiment.



100121Figure 5 is a side viewof a. filter/sound attenuation bank fornmed in
accordance with an enbodinment. [001l:3]Figure 6 is a side view of a.
fitter/sound attenuation bank formed in accordance with an enbodi nent.
[0011Figure 7 is a perspective view of L edsound attenuation bank housi ng
formed in accordance with an enbodi nment. [0015]Figure 8 is a top view of a
filter/sound a[[ODM]uat Figtirebémkisfa)l’tmédlidvﬂ dce dildasnaad Witiehua8ion euaR dior&d .in
[ 0016] Fi gur e ‘{% view of a filter/sound attenuation hank forned in
accor danc& W Cea‘?‘i' &&hoﬂ@ﬁ“ [0017]Figure 10 is a top view of a
filter/sound attenuation bank fornmed in

[0025] Figure 18 is a perspective view of a filter/sound attenuation bank formed in

accordance with an embodiment.

[0026]  Figure 19 is a top view of a filter/sound attenuation bank formed in

accordance with an embodiment.

[0027] Figure 20 is a perspective view of a filter/sound attenuation bank formed in

accordance with an embodiment.

[0028] Figure 21 is a top view of a filter/sound attenuation bank formed in

accordance with an embodiment.

[0029] Figure 22 is a perspective view of a filter/sound attenuation bank housing

formed in accordance with an embodiment.

[0030] Figure 23 is a perspective view of a filter/sound attenuation bank formed in

accordance with an embodiment.

[0031] Figure 24 is a side view of the filter/sound attenuation bank shown in Figure
22,

[0032]  Figure 25 is a perspective view of a damper formed in accordance with an

embodiment.

[0033] Figure 26 is a cross-sectional view of a combined attenuating and filtering

layer formed in accordance with an embodiment.

[0034] Figure 27 is a cross-sectional view of another combined attenuating and

filtering layer formed in accordance with an embodiment.

[0035] Figure 28 is a side view of air flowing between insulation boards with an open
cell foam facing in accordance with an embodiment, the insulation boards and open cell foam

facing secured by perforated rigid facing.



accordance with an enbodi nent [00 81Figure H is a top view of a
filter/sound attenuation bank fornmed in accordance with an enbodi nent
[0019] Figure 12 is a top view of a filter/sound attenuati on bank forned in
accordance with an enbodi nent [0020] Figure 13 is a perspective view of a
filter/sound attenuation bank housing Forned in accordance with an
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[0037] Figure 30 is a side view of sound being absorbed within an insulation board

with an open cell foam facing in accordance with an embodiment.

[0038] Figure 31 is an enlarged side view of protruding open cell foam facing formed
between the openings in the perforated rigid facing and sound waves being absorbed by the

protruding open cell foam facing.

2

[0039] Figure 32 is a front view of a perforated rigid facing having circular openings

defined therein in accordance with an embodiment.

[0040] Figure 33 is a side view of an exemplary air handler having a top section with
open cell foam facing secured by perforated rigid facing and a bottom section with layered

fiberglass and open cell foam facing secured by perforated rigid facing.
[0041] Figure 34 is a front view of open cell foam facing secured by a frame.

[0042] Figure 35 is a flowchart illustrating a method in accordance with an

embodiment.

DETAILED DESCRIPTION OF THE DRAWINGS

[0043] The foregoing summary, as well as the following detailed description of
certain embodiments will be better understood when read in conjunction with the appended
drawings. To the extent that the figures illustrate diagrams of the functional blocks of various
embodiments, the functional blocks are not necessarily indicative of the division between
hardware circuitry. Thus, for example, one or more of the functional blocks (e.g., processors or
memories) may be implemented in a single piece of hardware (e.g., a general purpose signal
processor or random access memory, hard disk, or the like) or multiple pieces of hardware.
Similarly, the programs may be stand alone programs, may be incorporated as subroutines in an
operating system, may be functions in an installed software package, and the like. It should be
understood that the various embodiments are not limited to the arrangements and instrumentality

shown in the drawings.



[0023] Figure 16 is a perspective view of a Filter/sound attenuati on bank
housing formed in accordance with an enbodi nent. 10024jFigure 17 is a top
view of a filter/sound attenuation bank fornmed in accordance with an
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inlet plenum 108 and an outlet plenum 110. The inlet plenum 108 extends between the room

106 and the outlet 104 of the air handling unit 100. The outlet plenum 110 extends from the

room 106 to the inlet 102 of the air handling unit 100. Vents 112 are positioned at the junction

of the inlet plenum 108 and the room 106. A return vent 114 is positioned at the junction of the

outlet plenum 110 and the room 106. Optionally, filters may be positioned at each junction.

The inlet plenum 108 and the outlet plenum 110 may include dampers and/or filter banks

positioned therein.

[0045] During operation, air flows from the air handling unit 100 through the
inlet plenum 108. The air is discharged from the vent 112 into the room 106 and circulates there
through. During circulation throughout the room 106, at least some of the air is channeled
through the return vent 114. The air flows through the outlet plenum 110 and returns to the air
handling unit 100 through inlet 102. The air is reconditioned in the air handling unit 100 and re-
circulated to the room 106 through inlet plenum 108.

[0046] Figure 2 illustrates an air processing system 200 that utilizes a fan array
air handling system in accordance with an embodiment. The system 200 includes an inlet 202
that receives air. A heating section 206 that heats the air is included and followed by an air
handling section 208. A humidifier section 210 is located downstream of the air handling
section 208. The humidifier section 210 adds and/or removes moisture from the air. Cooling
coil sections 212 and 214 are located downstream of the humidifier section 210 to cool the air.
A filter section 216 is located downstream of the cooling coil section 214 to filter the air. The

sections may be reordered or removed. Additional sections may be included.

[0047] The air handling section 208 includes an inlet plenum 218 and a discharge
plenum 220 that are separated from one another by a bulkhead wall 225 which forms part of a
frame 224. Fan inlet cones 222 are located proximate to the bulkhead 225 of the frame 224 of
the air handling section 208. The fan inlet cones 222 may be mounted to the bulkhead wall 225.

Alternatively, the frame 224 may support the fan inlet cones 222 in a suspended location



[0028] Figure 21 is a top viewof a fitter /sound attenuation bank fornmed in
accordance with an enbodi nent. [0029] Figure 22 is a perspective view of a
filter/sound attenuation hank hous forned in accordance with an enbodi nent.
[0030] Figure 23 is a perspective viewof a filter/sound attenuati on bank
formed in accordance with an enbodinment. [003] JFigure 4 is a side view of
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that may be held in separate chambers 230. The chambers 230 are shown vertically stacked
upon one another in a column. Optionally, more or fewer chambers 230 may be provided in
each column. One or more columns of chambers 230 may be provided adjacent one another in a

single air handling section 208.

[0048] Figure 3 illustrates a top view of the air handling section 208 shown in Figure
1. The air handling section 208 includes an upstream end 234 and a downstream end 236. Fans
226 are positioned between the inlet plenum 218 and the discharge plenum 220. The inlet
plenum 218 is upstream of the fans 226. The discharge plenum 220 is downstream of the fans
226. A filter bank 238 is positioned at the upstream end 234 of the air handling section 208. The
filter bank 238 includes a plurality of filters 240 positioned adjacent one another in a row. The
filters 240 extend within a filter bank housing 241. The filters are positioned to form an air tight
interface between each filter 240. The filters 240 may be formed from foam, pleated paper, spun
fiberglass, and/or any other suitable filtering medium. The filters 240 are configured to remove

impurities from the air flowing through the air handling section 208.

[0049] A plurality of sound attenuation panels 242 are positioned downstream from
the filters 240. The sound attenuation panels 242 are positioned in a row with channels 244
extending therebetween. The sound attenuation panels 242 may have a shape that exhibits a low
pressure drop thereacross. Additionally, the sound attenuation panels 242 may be perforated or
solid. Additional details regarding the sound attenuation panels 242 are described in more detail
below with respect to Figures 28-34. In the exemplary embodiment, the sound attenuation
panels 242 are arranged parallel to the filters 240. Optionally, and as described with respect to
Figures 4-25, the filters 240 and sound attenuation panels 242 may be arranged in non-linear

and/or non-parallel configurations.

[0050]  Figures 4-25 illustrate various embodiments of filter banks 238 that may be
used with the air handling section 208 or in another application. It should be appreciated that the

filter banks 238 of the various embodiments may also be utilized with a ceiling unit or any other



[0034] Figure 27 is a cross-sectional view of another conbined attenuating
and filtering layer foiH ed in accordance with an enbodi nent. [0035]Figure
28 is a side view of air flow ng between insulation boards with an open
cell foamfacing in accordance with an enbodi ment, the insulation boards
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air handling section 208. Optionally, the filter banks 238 may be positioned in the inlet plenum
108 and/or the outlet plenum 110 of the air handling unit 100.

[0051] Figure 4 is a perspective view of a filter/sound attenuation bank housing 301
having outer walls 303. The filter/sound attenuation bank housing 301 contains a filter/sound
attenuation bank 300. Air flows in the direction 314 through the filter/sound attenuation bank
300. A coupling frame 305 extends along the outer walls 303. The filter/sound attenuation bank
300 is coupled to the housing 301. Optionally, the filter/sound attenuation bank 300 is coupled
to the coupling frame 305. The filter/sound attenuation bank 300 includes a plurality of filtering
layers 302 and a plurality of attenuating layers 304. The filtering layers 302 and the attenuating
layers 304 may be coupled to the coupling frame 305 and/or the housing 301. The filtering
layers 302 extend between adjacent attenuating layers 304. The filter/sound attenuation bank
300 includes a top end 306 and a bottom end 308. In the exemplary embodiment, the top end
306 and the bottom end 308 include a filtering layer 302 that extends between an attenuating
layer 304 and the housing 301. Optionally, an attenuating layer 304 may be coupled directly to
the housing 301. The filter/sound attenuation bank 300 is coupled to the housing 301 and/or
coupling frame 305 to form an air tight interface. The filtering layers 302 and the attenuating
layers 304 are coupled together to form an air tight interface. Airflow is directed through the
filtering layers 302 of the filter/sound attenuation bank 300. Optionally, the attenuating layers

304 may represent interior walls that are semi-permeable and allow airflow therethrough.

[0052] Figure 5 is a side view of an embodiment of the filter/sound attenuation bank
300. The housing 301 includes planar front and back faces 310 and 312. The front and back
faces 310 and 312 are perforated to allow air to flow therethrough in the direction of arrows 314.
The attenuation layers 304 are spaced apart from the outer walls 303. The attenuation layers 304
are oriented to extend between the front and back faces 310 and 312. Optionally, the attenuation

layers 304 may only extend partially from or to either or both of the front and back faces 310 and



[0039] Figure 32 is a front view of a perforated rigid facing having

ci rcudar openings defined therein in accordance with an enbodi nent.

[0040] Figure 33 is a side view of an exenplary air handl er having a top
section with open cell foamfacing secured by perforated rigid |lacing and a
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in the drt%‘%a@%e for air flow through the filter/sound attenuation bank 300. The air channels 322 are
also located between the attenuation layers 304 and outer walls 303 of the housing 301. The
attenuation layers 304 may represent interior walls that are semi-permeable and form an inner air
channel 324 and outer air channels 322. Air flows through the air channels 322, 324 in the
direction of 314. The air channels 322 and 324 have widths 326, 328 and 330, that may be equal
to one another or differ in width. The air channels 322, 324 have a common length 332 between
parallel planar front and back faces 310 and 312. Optionally, the front and/or back faces 310 and

312 may be contoured to be non-planar such that the length 332 may be different within an

individual channel 322, 324 or between different channels 322, 324.

[0054] Each filter layer 302 extends toward the front and back faces 310 and 312.
The filter layer 302 is oriented to traverse diagonally from an end 316 of a first attenuating layer
304 to an end 316 of an adjacent attenuating layer 304. Optionally, the ends 334 of the filter
layers 302 may extend to or from middle portions 320 of the attenuating layers 304. The ends
334 may engage and adjoin an end 316 of a first attenuating layer 304 and a middle portion 320
of an adjacent attenuating layer 304. The ends 334 of the filter layers 302 abut and form an air

tight interface with the ends 316 or middle portions 320 of the attenuating layers 304.

[0055] Figure 6 is a side view of a filter/sound attenuation bank 1000. The
attenuation layers 1004 extend at least partially from or to either or both of the front and back

faces 1010 and 1012. The filtering layers 1002 and the attenuating layers 1004 are stacked in an



[0044] Figure 1 illustrates an air handling unit 100. The air handling unit
100 includes an air processing system 200 having an inlet 102 and an outl et
104. The air handling unit 100 is configured to condition air flow ng

t hrough a room 106. The room 106 includes an inlet plenum 108 and an outl et
pl enum 110. The inlet plenum 108 extends between the room 106 and the
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216 15 | Qs AP S PCloLb O of et Alafehi ARP 1004 ORIyl che HRIOZESE | 2
ai r. The %ebtterdmsrarlp2 m@yreatmdim edran nmcbirh@m;donSA@a@ of fdmatltertgamgllmss Hay. be
included. [} dhe, alr ¢Lio in ] 18
and a di sc aernge]l 1}2‘ eﬁg L&h%ﬁ %g?he lssg @rﬁg gaé . '?dé%qﬁg ﬂﬁ&hd&qh}geb gdyo‘%gb”{’ﬁez

bul khead mhmatiﬁgﬁymhllodm f"ﬂtdﬂbupi&fgtm@:har&srﬁ i @¥feindiddes okenclampet03Gandésn RS ar e

cocti on S8 ThG riR i uetebNEa 552 s ydoh sliPea s Phat Bl R

225. Al tetroﬂﬁrah vielight idt6i€ackr aImR eddé10m8)of sheppehlatibf ybarood rhedge clanaser2Bdp N a
suspended | [ ul khead wal |, 225.

.gcation pr i.mate t epar at .dfro .th
Fans 296, RS hblcad o drEyE sl D BrhE Gt a e T DU G i ek B
228. The 1mbQrs fiadt QréMEMLEy@N 0P 4 AgidR Reksh 1000 bhen hdjavB: RfuatiEadef an
226 and the correspondi ng motor 228 formone of the individual fan units

2.32 t hat [99gyo BemiBREtsH ¥eFseat e chanbers 230. The chanbers 230 are shown
vertically stacked upon one another in a colum. Optionally, nore or fewer

chanbers 230 r[wssge @yt dadaipprspaabhe celvwm. ﬁl@ﬂ@odﬁﬂ affamu@robammu@ﬁg 351
chanmbers 230 %/ provi ded adjacent one another e air rﬂ(l i ng
secti on 2uwing outer walls 353, a top wall 356, and a bottom wall 358. The filter, soun attenuatlon

housing 351 contains a filter/sound attenuation bank 350. Air flows in the direction 357 through

the filter/sound attenuation bank 350. A coupling frame 355 extends along the outer walls 353.

The filter/sound attenuation bank 350 is coupled to the housing 351. Optionally, the filter/sound

attenuation bank 350 is coupled to the coupling frame 355. The filter/sound attenuation bank

350 includes a plurality of filtering layers 352 and a plurality of attenuating layers 354. The

filtering layers 352 extend between the top wall 356 and the bottom wall 358. The filtering
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[0048] Figure 3 illustrates a top view of the air handling section 208 shown
in Figure 1. The air handling section 208 includes an upstream end 234 and
a downsiream end 236, Fans 226 are positioned between the inlet plenum 218
and the discharge plenum 220. The inlet plenum 218 is upstreamof the fans
226. The di scharge plenum 220 is downstream of the fans 226. A filter bank
238 i s pogjdri 951236’0%16 fohge WRBY 5 eams el fRddanOfirt igheinddrfacda0dlionady, S8€ Filteih 208
The filter hank 238 includes a plurality of filters 240 positioned adjacent
one anot haYers AShCRuplg toThe cPNipBriEmPal SexTRndIGnEHRYF 2> ¥ MESFT2BHAKN HOGSi ng
241. The Jlbrlgflgﬁé Sunf (BarROBIphib QMG ht Altd bR Bhlard drfked b OLh-PERa8lEEN each
filter 240. The filters 5@0 may be fornmed fromfoam pleated paper, spun

fi berglass, and/or any other sujitable filtering nedium_The filters 240 are
configured to P&¥ve Thiplirtufiaslayersdve mecsd etriaiiRget Hitetn 2y ¢ & r I he
handl i ng §&614i88 1408351 ARG Bk Aolidd B lihd douplingSPAh BlheRkakinemkiRarmls et are
posi ti oned downstream fromthe filters 240." The sound attenuat]on panels
242 are posiitighniedri. £ntieor i the abeaaie laypyidlentiehfdionged Hehe Bberiges “The
sound at t eRUALI N ANk Acce M %e DA Garthe I HRARS U Q@kn@&@s@hﬁﬁly%eﬁ@ﬂﬂiﬂﬂﬁ@s ure
drop thereacross. Additionally, the sound attenuation ganel S 242 may be

per f or at et the fikoingdayenddi2t iQptiahalidethgiattenuesrpalapirn 54 mey Soemanged HenePainan
panel s 24 L ' i M t oAk QYN

Do 34, RS OREr AR UL IREE e ST e ERRTEL O Rar
arranged jfar of tel fita/sole fidnigios 4. 330pt iGpnatdlly, teneiteasatdgsleydrhéds vinprh
respect. rteoresFe!n iR &ﬁESthattaIPeese];nIi-l %r%(e%bl%%gd Qlﬂ)q‘ %%%hg%{h%h%ﬁt lon panel s 242
may be arranged 1 n non-1inear andror*ncA: paral I'el” configurati ons.

[0050] Figures 4-25 illustrate various enbodi nents of filter banks 238 that
may be used wi[PPp0] he Fagure BaHaitiatey ager vieorof208 fiber/sopndagitsnbrsion Fppk Pt Tlom. |1t
shoul d be cj.at fil. r 2 val.l: i,ents
may al so fgge?%% iefzil§>}iefz%ea§9\%vlg Q{I%Ieé&%gﬁdi llrlltgﬂ?eusr?%q% rHcf)af%e'an tgpﬁgﬁesﬁeklg%?aggﬁgggia%,
cool i ng, @ranyehiti dnglei onithsigsgteetnto dileenbibkit e Addidokedly 288 friwyind &ypo SiSe inoryelek
upstream or downstream fromthe fans 226. The filter i ncl ud t | east
one fil tearrraﬁ%edl gygrcoélﬁad “at OIlvg’éls?ndgoﬁecuzﬁ\fet%ecnoﬁlglg’frﬁ{éoq' afé‘?afgg%‘fl% ir]%hegsd%%?g&ﬁ mat e
or i nmedi atabsd dhaciendnd$ 82X frepbditidned hdjgeehvandror althent mldiler atraa lact2B3F66ccupy
a small space within the air _handling section 208 d. exhi bi t | ow , .
pressure @ﬁﬁrzsot“l’f&?tée&tﬁtlﬁ%‘sb.amf t’? @Fﬂfﬁ}ldag BlelSHbBY " That %B?{glgfxlﬁetr%r’s %%%6(53’8 are
illust rat%daljenaﬁdb@ ahrelddanehd agihsecti on 208. Optionally, the filter banks
238 tnay be positione§ in the inlet plenum 108 and/or the outlet plenum 110

f th ir h i it 100,. 0511Fi 4 | i i
Fi1ter/ sound d00¥Ruat TS BanhBuS g’ 0P Hor T oleLD Rar Lo slafly”

filter/ somedgamﬁﬁ@ayérmsbﬁaly Hamiitiaﬁeds’% JanglemoabﬂeSanathfe}h | Th¢ ﬁtﬁdﬁﬁﬂfhg layers
attenuation bank 300. Ajir ows in the direction 314 through t

11 tor | sotMcant sl asmmdsge and/ ¥ shist ‘?%Ef Yiiaifarests t@&&%ﬁﬁﬂ@%&&ézt he
outer wal t&h%%nqafﬁhgempéﬂ 3R HsQUR LAt @At IraR: HiddtkayR00ndsS36e aHPbethetplinbihe
housing 301. Optionally, the filter/sound attenuation bank 300 is coupled

to the coupt Idpifaridive 3o soTde mifdlepriouad o RehtrEHShasks Jotisaeifes a

pluralit yIf)IQI{e HebhdeBTihdhdb §y@§osth§’cqge Qtﬁh‘i'luﬁin |1We?-k$4 Yas QfunBb e RURE BE0 TIREGAS

304. The filtering layers 302 and the attenuating |ayers 304 nmay be coupl ed

to the colfdl magbd roanged308. priatedreonyrs, pongsyen andigrmnonTeonmly rapidedy” Allfew ds : 302
ext end bej: ' - [ i o}

ot enuat | B e e e, VB08™ Y ™% he
exenpl ar yatemdiog fests, 3 ¥heay opreed i8@6orawellst thet dostroinreenerb308d Allomuaeloay
filtering I% h302 t hat extends between an attenuating |ayer 304 and the
housi ng Bﬁi.ﬁﬁ%?|0nally, an attenuating |layer 304 nay be coupled directly
to the housing 301. The filter/sound attenuation bank 300 is coupled to the
housi ng 301 and/or coupling frame 305 to forman air tight interface. The
filtering layers 302 and the attenuating |ayers 304 are coupled together to
forman air tight interface. Airflow islitirected through the filtering

| ayers 302 of the filter/sound attenuation bank 300. Optionally, the
attenuating |ayers 304 nmay represent interior wails that are sem -perneabl e
and allow airflow therethrough.



[0052] Figure 5 is a side view of an enbodi nent of the filter/sound
attenuati on bank 300. The housing 301 includes planar front and back faces
3 10 and 312. The front and back faces 310 and 312 are perforated to allow
air to flow therethrough in the direction of arrows 3M 'lite attenuation

| ayers 304 are spaced apart fromthe outer walls 303. The attenuation

| ayers 304 arqoogdjentEguk® @xiend Debwesn of heilks/uhd anchul@dskbinacieso 316 and
312. Optignally, the attenuation | a?gers 30 only ext endaPEart ially from

. 4 may.
or to ei theys gra BsiHond [ thereuedrite dhe/spardaiteguaendaok Af B tilterag layer
filteringiisaygs s paPer&adidenalanuatdsndsd é&&{d%fg%%e&weeat qGK e Ay 1&krs
interlaced manner transverse to the direction of air flow 314. The
att enuat i #§ 1183 aierzogedinyhd g platrge@ptpap'al Ited fikgingdayerot hérargaganged at
subst ant i glof Al Blde8! 1o toRe bit@hdll 1AGHLRMN Ofhe Hiterifid QY3162 OB bONRIYd intdhe
attenuati ngg l ayers FJ§04omat(§/ be p'oé til_onea/’ ate a_ego%mg%r or dﬁ# er entn%acltﬂlt e
angl es t ocasngvcagny tre rndpiocuayedaoufigiraivgl dhe §lterdns layars f158wrSatng§O383tEac h
attenuat i L el e Sl f &
i ddl e porty Sh b PEEESARRACGH G, SHhopthPREISHAR B ERAMERPRIES, | g
| ayer 304sonthyt theerdsundzdbuwreadosthext a@ptciional doyto foinearenidighB inferfe.t Rigure 9
attenuating.layers 304 ma e. fiat i,nt ne¢ay and/ or _non- uni my
Founded. i EHar et om3Y HPE e e Py e BB R TRl Pl PR . e o
t he frontmandhchae lndltide sovaldr fdtedinG 12 ersTHE2 fairhiged ih ayeliel 30& ot st agleend enk t 0
traverse for, air flow through the filter/sound attenuati on bank 300. The
air chann®’’°322 are al so | ocated between the attenuation |ayers 304 and
outer walls 303 of the housing 301. The attenuation | ayers 304 nmay
represent intdpie@ wdlles atthantiay dagesm Hjer meabpbstiard paniklarm | somennahar.

channel 324.and outer air. channe 322. Air flo through the aiy channels
S50 PRiGRRY. i e Riting PO, St gan e Reniee o 25580, atsr e TG e
326, 328 ardudingOlayérhatisdayxtbel eqbsadntibidy qrepeadiodlliero omhe diilfdriag iaperwi OitSh. The
air channgls 322, 324 have a coqlrirgn Iengetﬁg 3321bet.vl$en par ah{_} gll R}Iégnar

front ai ndPHHER ficEEnsABeiNGTs3ho? R SBRA R RSl e weEhset “Rgc®Yaces
31s) and Bik2 mayh HeneonE Meed UAbRE 2feMRtiph arsrofshicitd atr édae | | @ngtthn3aR My
he different vvithtian an I1.ndi vidual channel 322, 324 or between different

channel s @91ht mieifacq. o @Bl ¥nihe aftensatings [pxrs 30 vy ehdsihe sltarofeensl Prdt and

back facesiter3ayeP1892d BibZutedd@nd 1yt 158%8Y aBO2eicsuéd BNhERAint@dnt 113Y 8h&6r
diagonally froman end 316 of a 1y| rst attenuating |layer 304 to an end 316

of an adjde®hfecat { Ghydizingg cous/ee d8ge. Optional Iy, the ends : 334 of the
finer layers 302 may extend to or from m ddle portions 320 of the

attenuating | gyedsg 30dhchbhi&uBNESIa334 1 BMcIeAGagRIATdn@&d] 190 Bndd m@itk Pt a
first attenuati ng_ | ayer 304 and a mddle portion 320 of an adj acent
1

at t enuat i hg2|eiredingdherebetyene dg dhe gemyrary webplimest: theapeddle BYBOBRBUE BisP f or m

an air t ' Qﬂth l 1Ry Ql'iaft %?ea%rttﬁhntt%ﬂmﬁl 8‘3 %_@tlférenﬁg ﬂl@b.eTHQEﬁd.squ]?O Iﬁg}ob@lfouﬁcr&@,
attenuating layers 304. [0055]Figure 6 is a side viewof a filter/sound

at t enuat i & PAERRD, 000X Fisaw eederardnomifoaylsreuniod 4 Adstioenid diectpdisqugh the
artiall t [ - fihent Aan - nd
p yﬁlﬁe{rﬁlg]la%[ers A58 aﬁg'glroilg%ggga:t]tgm{ﬁ 1relé gl?ers 11940 o 1&;99}%6 Et@&lﬁﬁméqg&r q

1012. The ering layers tenuatin yers nma are stacke
in an 1154 may represent interior walls that are semi-permeable and allow airflow therethrough.

[0065] Figure 10 illustrates a top view of a filter/sound attenuation bank 1250. The
filtering layers are 1252 are arranged in the same plane. Optionally, the filtering layers 1252 are
arranged at angles with respect to one another. Additionally, the filtering layers 1252 may be

arranged in a concave, convex, and/or curved configuration. The filtering layers 1252 are
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interlaced manner transverse to the direction of air flow 1014. The
attenuating layers 1004 may be arranged in parallel or at a conmon or
different angle to one another. [0056] Each attenuating | ayer 1004 i ncl udes
opposed ends 1016, planar site faces 1018 and a m ddle portion 1.020
extendi ng therebetween, The ends 1016 of each attenuating |ayer [004 naa.y
be roundegtranftdaio thpoihateeds, 1260 raVeemSItme@ adj€cenB A @raboselitbfher # tfe fudbinsled.
The m ddl %ogékon 1020 has. a gth 103 hat is greater than a wdth 1032
of the entr§®10MECTSAIRC RERIHAEANSOANG 225 e Lf P it dPaByOtedrodc et g ARt |

| ayers beir@es hheraflsiand/orfdnPaet daeRsingt010 and 1012. The air channel s
1.022 are also | ocated between the attenuation | ayers 1004 and outer walls

100$ of the h g 01. Opt.i opal | t he enuat i s. 1004 ma
represent int 3&?&&5‘ l&"’s““?‘f“r@f‘“ é‘eréé?r?“ ‘B%‘?"ﬁé‘éﬁl] é“gé?lg’o'indﬁ%felré g | FsFs
channel 1024 aa8tha0tld BFerdiZs4 GhAMRE L Firdk Q2 nualiRORéhBACI 7H iahd 8edodd @fterﬁ@l@?«g

extends toward the front and hack faces 1010 and 1012, The filter |ayer
1002 i s oPfBidd’e ol herfddatiemalnagemas ¢ 74 Ayms %iﬁﬂ’élﬁ%ml’@fé obthe filteg laygr ends

at t enuat i ng2laayer ibQshat i@ @ngk L& 19fer elQS?-difﬁ&?é%ncﬁitjée‘ﬁﬁ‘éﬁngtrﬁéﬁg)& YRy
1004. Optionally, the ends 1034 of the filter |ayers 1002 may extend to or

from ni ddiéengoptangrigle fpo thefse¢and aaertueh%mpmgerl 13yer $he goavatingenesiyss 1334
engage a aypld ﬁgleﬁ%&}ﬂéﬂi émlﬂa%%éhh@éﬁ ﬁ&eflﬂ Atlteﬁ&a!t1ﬂgcally§1‘§qﬁ§4 P2 to

the attenuating lMNayers The coup n Ism 1035 | es outer
cl anps 10@gleddvesn thmﬁ@ﬂuwnamﬁﬁﬂlmgglﬂth]éném beQBe sagfe EOheadhl dttf:eratlnglalyayer s

1002 engagg,on i u anps a The
ends 1016 of tﬁgaé%atgnb}%t? e I%Izg er fgglﬁ'&tentﬁ%ell%r ?Eggllﬁd % %ﬂ&%&l& ,([flge form
an airti ngterflsmtnérattamJ@tlombartkrﬂdISDyr;aytltn@uctaoajpﬂism@emmalnng iay&xOBBMbql cadpdsi n an
end 1016 t g 4..and a mddlg portion 1020 of an
adj acent p%% eg(rifﬁlél ﬁ]og F fﬁ&Hg nn an ezri"ilarltn ? gWers’ {54 %yceave[aoﬁglgirﬁi gure
71is a pew@pﬂmﬁlovewd/thEWao‘faryaalbng therlérgrfumﬁjthahﬁcﬁnmmmomlmmdm@usg ij?sﬁa]y

havi ng oyt er 356, ,and a

Filters satiguiRiefuntrunt sk hiusr ity it ool it TooRrd A Dy cirected

at t enuat itarubanke 86€ringAlaferk| 088 dnd drblﬁlddthé&ﬁﬁehlmﬂn@agyehfmmngh JpfiGnally, the
filter/sound att nuat i ?n hank 350.4 coup |n% frame 355 ex %%s al on t he
outer vatnsans PRSP gy rouERal Bietioh A A BankrIBoniRe ey A13oBhe
housi ng 3hdrethfdchonal |y, the filter/sound attenuation bank 350 is coupl ed
to the coupling frame 355. The fil ter/sound attenuation bank 350 includes a

plurality of f] ri | ayers 352 and a_plurality of attenuyati ayers
354. The fil téb(ﬁ?g 33%%’% @5? BRI v g Yiuld &ﬁew&{l?“% qgﬁ% s
bot t om waliten3G8g rﬂéhﬁ)ef i1bsehing thltday@énaat&@Zm@@b@l B78 @xth@inyak lafeld3FRm 3R8 t o
form an alrtlght i nterface. tion efllterlngala ers 3%2 couleto

the couplFHIIFHEMEIREHemEd 376, FE? ?tW@uqt‘éﬁé?@bSE?ZBZl‘l" d3Ap-reandee 3 angl

al ong t hessamBmtagNg 1inOBF kighabdiVeent A€ afiédubid Q,QerL ayef s A3 Pdware7a paRgLd in

a non-planar row [0059] The attenuating | ayers :354 extend between adj acent

filterind qog%]értlge gglno-r]@@ers 1352 and around the attenuating layers 1354. Optionally, the
attenuating layers 1354 may represent interior walls that are semi-permeable and allow airflow

therethrough.

[0068] Figure 12 is a top view of a filter/sound attenuation bank 1450. The
attenuation layers 1454 include attenuating members 1474, 1476, and 1478. The attenuating
members 1474, 1476, and 1478 are angled to eliminate a line of sight therebetween. The

attenuating members 1454 may include ends 1470 that are rounded, flat, pointed, convex,
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attenuating | ayers 354 may- be coupled. to the coupling frame 355 and/or
the housing 351 to forman airtight interface. Optionally, the attenuating
| ayers 354 may be coupled to the filtering layers 352 to forman airtight
interface. The attenuating | ayers 354 extend substantially perpendicularly
to the filtering layers 352. Optionally, the attenuating |ayers 354 may be
Zr r ?lnged ain((j:avepamgtnn@ﬁf uldfofrﬂagrr m]tldelangtme ﬁ[t'éﬁﬁgt Ia?erg ggSE][ekt@%‘l bféty\ieérs ac/ija&at g
rflowis directed t i.ltering | ayers of the filter/soun
at t enuat | G HERR '5YS 163%’ oh ?@}eﬂ%gayatst Erdatith§Xieay i sinaBIElonbgtweeh tis ent
interior Mﬂnhﬁm@h@fxer@-ﬂ%éﬁepotlBﬁHll@'Eﬂ)Q' glit@nd By drowssi eib@Wptp&iaRiuly Q¥ dheh
[0060] Figure 8 illustrates a top view of the filter/sound attenuati on bank

350. The #fenpaingdgyer 49t s The éttees%marleveé% Fhriged the: fifterengslaysss pf Enere coupled

Opti onal | pgetht8o Fdrhnt raiBight iR¥EES, %@%r@fﬁllﬁﬁfa?égg%gl @tﬁléﬂg%%?eﬁ’\f4bjf' cki€RPELL 1O
one another. Additionally, the filtering |ayers § e arranged 1nm a
concave, RuWWeExCack adiagnt éftﬁﬁﬂvetdlgclél’ﬁfl 1ot atQp@ﬁﬂéfﬂbtenmltlpi irenipe| layeey 54535Ravar e
arranged ti t

Aot her o THe e e LR R (aPaTy SURGRY AR e RN IE o

| east one14'5@vxﬂndf arppridt diei atignuatiye laye@5215dr r Q@piedlly.nthp attatdathg dayersor4Sdtmangl es
to one an T I i oned parallel
to one an% %nt “%%&?%’ﬁg gt a‘? e?‘%%{‘%eﬁgﬁta?%gﬁ%’ %gﬁ)ﬁ&fﬁ&?ﬁhbe positioned at
angles to one anot her . The attenuating | ayers 354 extend substanti al I})]/

per pendi cul ar [A%lor lat angihearvgibedivient a d8grebankt may Havé iahy epimhipatiery of $he352.
Each atte 66 of the filter |ayer ends
362 and/ oﬂ@ﬁgnﬁegﬁéga?%gél%g%eﬁ Sthg%? h‘rﬁgwegg lgr 352. The m ddle portion
372 of each attenuating |ayer 354 extends in a plane between the ends 370
so that :he atlP@latilfiguredyéva BBwenis vievapd 4 Biterisaindtateaggon trnk hontise 470 may
he round I r ed.
e, ¢ undogigfl r AR 062 PAIN Sy BONGRY Sy ANELQL PO OL i S

at t enuat i Higp andyté? sre:waoratthto oty hry to ﬂche ttmrqtlenugt in igp dle:yecvrsof%mbvwsréw The

represent |

t heret hr ﬁlkﬁfs&fdf%&gﬁﬁﬂ?h&éﬁ#ﬁé%@ S%? ust es aa ?}? JO%I\}@%\?CQH%JORW? Eﬁi {d:gr ?groftljon

at t enuat i ionhdodirektidilba, thIAugh the ﬁt/tsr/sonndaatdanmeemh bank 4005A ¢dupiinggfinarntid OS5 extends
filter/ it t . h filt | 5 : i f
e SoHA ALESIUOL DA AR LR OR A SR o AT ©
| ayers ar@ptﬂth]Iy ahe ﬁaéﬁmngﬁdttennattdnebmamo [ angledQot theraldliyig ffadae 405l t €lid ng
R Rt M NI R
convex, adi@h@iing Wyvedosomhd GidriabilfRrs 4Dhand iHeta@érduRng 18y $041AB2h Adoplad fanged
o) that the enﬁi %162 are p05| t1 oned adj acent one another. Opti onaf) t he
filteringhfsgHpHEs Famo 4%y an éf’r’rﬂéﬁﬂfféﬂ“%ﬁ khat the ends 1162 abut each ot her at
a junction 1166 to forman airtight interface. Figure 9 illustrates a

singl e row of [t)quer iTig dttamfanﬁg 1462 40Onidiareal frynt plurhift@lof s@dtnstingt h@indiadi on
bank 1150@;{& ch ai.e ng tiple rows of filtering Ialyers 1152 arranged jn
paral | el @Ady ¥ick gluraiiiye %ttet“BatB]ﬁéaEﬁ%‘fQ?erEacfl@5@’3‘?? 233O gl ydey 2 1 e e
1.151 are41posbidkenediNandh hiddié mleaéaeenaﬂlgtﬁaeteen Rtnenalsl y14 the @t snkaty) N9
| ayers 1151 may he positioned at an&ﬁes to one angther, The attenuating

| ayers 1 SAtERasAg st eneitend| Jonsetip drvar &g 410+ of hereont ilurdity 9§ aftefypating
1152. Optippnakdyare ?Bﬁtl&fea %ﬁt&é@atnhﬂ% ta@atet & dnb2AoBY Gt e ARYhESIW HH
respect to the filteritg layers Each attenuating I"ayer 1154 abuts a

j uncti on atEBEtisg laype 40V lareeang|edyeth rémtst to peQ anashdr o The antaplereligtoliatiereptingce.
Opti onall Myerd By LANURL 118 +AYHR Hib B4 tttgrlg 4 06l ANy Gl Bl Of 2
filter |ayer e attenuating ayer e coupl eg

junction @B@Gg éhbl/ Optigrialinahe frageluraify OIﬁaitemuztnrtgga)aer&:@]pémtemg stlev pte. beyond

[ 0064] Each attenuating |layer 1154 includes a pair of ends 1170 and a m ddl e
portion
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1. 72 extending therebetween. In the exenplary enbodi nent, the mddle
portion 1172 has a -width 11.81 that is greater than the wdth 1183 of the
ends 1170. The ends 1170 nay be rounded, flat, pointed, convex, concave,
and/ or nonthgrkdter 411y TheobHIE @hhraldy 6f dt@Wadting tHyescloe dxteid slughtht backf théd A1 Tige

| ayers 115 nd around the attenuating |ayers 1154, fion , the
attenuat i néaqiaﬁ@rﬁétms%temms dprEs a0 gﬁenm%+tioa?d1 %%Siagucﬁmarﬂjleuo eneNanpher
sem - per m@b{i@aﬁ?,%abmvmaiamfyl STtk iRl RYaY ubd are[ HORE IMTIhGEERCID onk hiksihdrat s
atop viewof a filter/sound attenuati on bank 1250. The filtering |ayers

are 1252 af e back ahyadly phaticrieating kyers| 498 extershfrpyrihg bagk facgd1¥1q anproximgateliyler s
1252 are ap&ahdeflofhe aNA Hak Wi 483 REGIonki®y, ARDBORLAST, orAfEubii QR dry 409 he

filtering layers 1252 may be arranged in a concave, convex, andlor” curved
conf i gur at exsend sitpig of on hegendribe 13%29%1481-1252 are arranged. so that the ends
1262 are positioned adjacent and/or abut one another at the junction 1266.
filter/sound attenuation bank 1250 includes at | east one row of filtering
layers 1252 arr[@0¢dd i n pae dltbmig layrld 402 extterminpgitweentthe Groet pwrelithiend aft@@8®EThe

attenuatin | r Rl ter] | ' 252.
Fach at t entyrEng) Rgine S SEYE Bl RRLARG IS e O 08 it 1t LS Boad>
second at t &fivat éndgtliwifib dackl @Guatihgdayfer #6 arak 4 bavkand AfYd nBatrent d@iubtiap litysr t he
junction 1 fthe filter |ayer ends. 1262 and/ o e pl.anar fac of
T tor 14DRAR] shiRolid dhu R hpC ATt a0 TBRER A SN Bh3Pe T 0
from t he secampthraembodiaththerteprbet 40246l thd bettah teadhydd imtndeaniieriag 152¢é4402
1276 are a e o.as to elimnate a |ljne of sight en j acent .
attonuat i ni EowEs v a8 Ao iR ane thech b pe by D rig A Bh B8 ARC s
1f276 mra]y hﬁyérhﬁ)4$ﬂd3ﬂ>letdoﬂpl@dgﬁecﬁlyttemhbaﬁduﬁigg |4ay.elhe|1f|13§6‘smﬁmh%t&{maﬁér?/bankhgo angl e
of each attenuati ayer 1254 may vary. tiona , Ak ilterlsound,
attenuati o?P“IBE?ﬂIEO %%@eu%“qlﬁe@aa@ua{mg éﬁ?&%@r}%{ﬂ é"rﬂ}‘étﬁ%ﬁa’“f ©rThg SEariRg, ot
extends pernpaldos dh@kind ftchitRingilhjey d0uJark 2WEFI8d dofdBer thhRr tah@MUALH: NBtelfA¥ET S
1254 may have a uniformw dth and/or widths that vary along the | ength of

the ni ddl eABBPYiipHireded thrqyed e ddternner byprg\A0Beofrthe ﬁér@%s,ouw affenupfiqunbagly 400.

) JsLb} 3 . (%) (9 .1‘ a- [ - a h
convex coo‘p‘@a&ﬁuy,aﬁ@ét@frz 06 1%5 QAhYy FeBHOER Shterd rvefah@;m k Sr %%ggéiﬁ@ BibaRUY

the filtering | ayers 52 an round the attenuating | ayers

Opt i onal | yallavha Gergreush- | ayers 1254 may represent interior walls that
are sem -perneable and allow airflow therethronth. [0067]F nre 11 is a top
view or a filter/sound attenuati on hank 1350. The attenuating nenber 1354
has a third att[@dlidti ng heutreld B338leasi¢ve nlamembadimentloé tHerfdter/sdved stewatdon

attenuat i nganﬁemerTﬁe?’gtgPuang I@e}segﬁpé)&%%lt %e%r fRe %?%g ’wafl% ZéBs %ﬂg aﬁ?nilf}@ng

angled so as to elimnate a lI'ihe [ ween attenuating
1354. Ai r f lapews 4@bate iosierded @cixedd fromoing lof thedront faced 1 and| tey/leack fa£8322.did fimaniound

ropr osent PHELR o XaR 0 v T e Bt jrai BBl SR Tal REF Ty B oiY
t her et hr oufibe 412. The back plurality of attenuating layers 409 extend at least partially from the back
face 412 to the front face 410. The filtering layers 402 and the attenuating layers 404 are
stacked in an interlaced manner transverse to the direction of air flow 417. The attenuating layers
404 may be arranged parallel to each other and substantially parallel to the direction of air flow
417. Optionally, the attenuating layers 404 may be positioned at a common or different acute

angles to one another and an acute angle to the air flow 417.
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[0068] Figure 12 is a top view of a filter/sound attenuati on bank 1450. The
attenuation layers [454 include attenuating nenbers 1474, 1476, and 1478,
The attenuating nmenbers 1474, 1476, and 1478 are angled to elimnate a line
of sight therebetween. The attenuating nmenbers 1454 may include ends 1470
that are rounded, fiat, pointed, convex, concave, and/or non-uniformy
rounded. The flodt4@r i Nthel atty@laBingd 52 @xik ansl J1etmgere @dpddenit, pdihtedumhearg,

| ayers 1454, Thefllterl 1452 nd at an,angl e between the
T onuat | TG PagBV et TOSHICGEb! SRty i FOSTFE CBF Fifg THELPE AASs akf e
per pendi Cl_H{/e% t&@r(ﬁﬁ@ roat ANyl FAagk 418Y:@H 41454 he ﬁh@lt@tlh@ﬁ vad isngich@Y &fasersed 54
and the fi terln Kers 1452 are coupl ed toaether o forman airtight

i nt er f aceto 3 iy ithe Uéecr/ﬁ‘éff’ésattﬁn@flﬁ‘gp@kf‘ﬁo t diop A chapels 4348 aserlarididng

bet ween e@e@\bee%qh@ﬁﬁéﬁla@ént ﬁ?éi‘@hbl‘gncl B¥eFf witho4o3 SPthic Madihy 40MulThé Blt&uation
filtering layers 1452 may extend between each attenuatl ng | ayer 1454,

Airflow iy} fFedmey retrgsetightetiprewlls thetrdre gemizpeapeablesmyl farg an ighair chznel
att enuat i ng J avgles aﬂ'%ﬁ‘}melmﬁi OR& dodys t}nt'éﬁ%@{hteedﬂ%ﬁﬁdgg 42@}’ @i4smjtﬁ]§(ﬁre@§é(n of

represent Interior wa are semterneabl e and low ailrf
t her et hr otigh. THeGO66innelandt et 42inrodiwreihs 426 428|4nér43aatrhkt m}ybhawl gngne

conbi nat i n a t 0
CPouras 8048t of BBty EAhT Ol P LR.AAE 85 SRNEND cORKE iU bltwecy
at t enuat i mmallelplknan dosi ang bacKifabea il f gndiitle rOpNahzilly 4@ roanahdfeir Aackrfades b arsind

back face 2410 n%ontél,:l"r%d tc;r nor\rllvgphar sufglﬁ %?If f ﬁ(% 44.'5} asﬂﬂjei é'}“f%reg Rithin an

perforate t o7 aPt oW aite to f ere roug Ion arrows
414. The ihiividesl/chonnatd 22t 8§ Bhardteivaden bﬁ‘fekenhmmig4m424:ont ains a
.filiterlsound attenuation bank 400. Air flows in the direction 414 through

the filter/ soyndat tefuapi.on bank. 400 o /inf QURJENTL EAHE ARRLPYE RRAlONT

the outer wail enuat 1 on ank coupl'ed to the
housi ng 4l@iers @t and nizd Hayk plukedity. éﬂalttbmmtnsg)lamds a0q. elﬁmhtﬁiltenmgdayﬂx 44D Extersls (fm)mpl ed

to the coupling,f The filter/ en 0 k. .400 .in des a

bl ur i ¥ Pt ¢S Bh Bk B R A HRG Bk 33 e ARG P

:304. Thesdi Iapelbheng' ihayﬁds%34(b2tmrfdtet h@er@.'@‘rOZﬂfﬁMﬁbxtagi tbay &b Iﬂlﬁélemialjtlob9420

coupl ed t he cou or the housi ng 401. 1T

oot Bnuat | g 2yEmebom B BTaats rBuie et Mty ettt Bhstd g 1dye e 207
attenuatlng layer 404 and a middle portion 420 of an adjacent attenuating layer 404. The ends

434 of the filter layers 402 abut and form an air tight interface with the ends 416 or middle
portions 420 of the attenuating layers 404.

[0076] Figure 15 is a side view of a filter/sound attenuation bank 1400. The front
plurality of attenuating layers 1407 extend at least partially from the front face 1410 to the back
face 1412. The back plurality of attenuating layers 1409 extend at least partially from the back
face 1412 to the front face 1410. The filtering layers 1402 and the attenuating layers 1404 are
stacked in an interlaced manner. An additional plurality of attenuating layers 1405 are arranged
between adjacent front attenuating layers 1407 and between adjacent back attenuating layers
1409. The attenuating layers 1404 and 1405 may be arranged parallel to each other and
substantially parallel to the direction of air flow 1417. Optionally, the attenuating layers 1404
and 1405 may be positioned at a common or different acute angles to one another and an acute

angle to the air flow 1417. Air channels 1422 are formed by adjacent attenuating layers. The
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and a back plurality of attenuating |ayers 409. Each attenuating | ayer 404
includes a front end 415, a back end 4.14, and a m ddle 416 extendi ng

bet ween the ends 415, 414. The front plurality of attenuating |ayers 407
extend along the front face 410. The front plurality of attenuating |ayers
407 are positioned substantially parallel to one another. Optionally, the

front pl ugieehididon fyeat 4onuat 1499 ﬂl@yleﬁr‘éseﬂﬂﬁlt@ToewaH&Jﬂh@tChrWsdrﬁi peasqeRtant Gorane
another. The front plurality of attenu t| n

| ayers xtend from
front fac® B1g dichaylst bl mat epir ar empes 14 B Bovie rouch dhe Besen Jﬁ.ﬂts“iqﬁg
401. Opti pnalih Yne diRRtibd eNt41p! urRl i ¥d1n%ﬁay@¥st B akiehd bétanel te 4t extfindoshor t
of or beyond the center 411. The bac lurality of attenuating |ayers 409
extend al ¥irguathe layatsk 49 aensl the backphisaliyne atiﬁp‘ﬁﬁtlagi/?’ty9rsdf‘09at tenuating | ayers
409 are positioned substantially parallel to one another, Optionally, the

back pluralityoef7)at tfa@luatuénmu!;taay@r@ #0%0ah® aanBh@sh wnkhhdu@la@ex@u HaQing e
anot her. The back plurali 9&% or attenuating layers 409 extend fromthe back

face 412 tkerapydciermstion barkrao c ahg using 45 binclufles quiqrstls fadng Wiotrsi hBPIPEY .
Optional | ys7  Renbacks Pl WY bick ik Bl L eRYAbINEc BYANRS a0t 8%bEIBA oBiHebhclOf OF
beyond the center 411. [0072] The filtering layers 402 extend between the
front pl ufed oY asf perferelsddpi g aiy ép glom0 vheagirongle ib dhekdipactipalof tajrows 4356.
attenuati r I Y K f9s0nfpend
315 of = DASEPAETEine SRR s LEEUERE oi0E TR op IR

at t enuat i filterisaynarati¢@atioT henkf 410t ioelideatidnusting hyelﬁl“éﬁ ab@aﬁkerma]/qii&l“i?de“éh% t op
end 406 a 406
B e A Rt Rt D
an att enuirmadOd tayem ahOdrtightdntelfecehousi ng 401 Opt i onaI ly, an attenuating

| ayer 404 may be coupl ed directly to the housing 401. The filter/sound
attenuati on b 00 o] {BOIHTNV f

405 to form a Bﬁ tight n%Mt:’elrg 5%2# %ﬁ% fi t‘ge%qltﬁgﬁpgﬂ;%?ésma@%%é Bgcﬁ(efa@gm

at t enuat i #@. Iﬁ}ﬁ@ttsnmﬁﬂg layes vupk edalt%g@eﬂnewdlqudﬁrﬁ@ﬁwh anthgifront faght#59 andéhd ace.
Airflow i d~thro h | d
att enuat i Dt B0 s00PIRBHP S A P B! St @ abliBy b SRS
i nterior wathtdronhatd asok aedwi 45|9e|46neaﬁlhe aamhaaﬂlg mwvelal%ﬁlaowpoinmd hmr (palrghel

[0073] Figure 1 |ew e fi

att enuat i Qﬂ“%]& %t%tenﬁlé’glﬁyf’ré‘n étn?aéfrli’e a&@%?fén %Wghfeé%?f{ QRe trfgrﬂc?tﬁ er
wal I's 403is dibaedbloamlatdn0atink ayerss4 40 d alireugh the fittethd lay@sxum\df the ﬁtremend)f
the front face, 4%0 azgs(;t e back face 412. The{ront %ura

at t enuat | HEFPAPELanky igRRlYathe REEURIEAYS S 4MEY 1§ efq‘ilémf‘?r(?ﬁi”a]tl%t«g%t %40 to
t he back geﬂﬁ%ef]ﬁeame'gh@almjﬁrﬂzjvuﬂlalleu{ryuo@f attenuating | ayers 409 extend at

| east partially fromthe back face 412 to the front face 410 The filtering

| ayers 402 an nuat ers 404 are st Inte

ma%ner tr ansvipégﬁ 1% ﬁ%m@i l"@%ﬁ‘ i‘%% egEndat leppt et ?kfeof*ﬁ rfg%et {‘411 &g‘i/er s

404 may bgit@mcanged 49?—"6%hd3|suﬁsﬁlnﬁﬁl§/hp@péiﬂrcuﬁﬂdo $haoﬁbrarunuadah1y fpas as¢ elolt o

(he direction of air_flow 4 Optionally, the att nualngl #

be positi BAEN2EY. the éB?ﬁ‘l%nlab?rs 6?? may grtend @l i agig P r%‘ﬁé“ﬁ%ﬁ&hé‘? d> an

acute anghg t”lQletﬂ"t@nﬁ’g laydrb @¥ eﬂ'&erangL‘,@leﬂﬂe_ﬂf@orétah@ﬂﬂ&at(bﬂ?ﬁndl@y&é h‘ﬂ@ﬁt?ﬁ Bldes 414
or

may be rounded, fla poi nt ed, concave, convex, and/or non-unif

rounded. A% mahhn méwsgezlzasz ap ABgle 4P 19BR ARFheA(] Aa@@mof é‘lﬂt@ré%%@wrﬁ ¢t angloel%/ar d
the front,and abﬁi%ffa@r @élt %&Qm@ﬂ% lﬂy:l&s a3heoblidrhRy, iaRg nhﬁbf&rof‘f@cgnﬁgslagérh gpi ed
traverse to air hrough the filter/sound attenuation The air
channel s H@Qbamgﬁhﬂ%ﬁlkb@@v@dMD@ﬁWé@ﬁmUMEhaﬁﬁéﬁﬁaﬂheﬁﬂmaybhgmﬂdﬁ2§W6l@Uter
wal | s 403. 4 may represent
interior Wg%r%gﬁhQ?ﬁgbgggﬁgﬁ?ﬁggﬁgﬁﬁf@pﬁﬁﬁﬁﬁﬁﬁﬁ?%ﬁ&?ﬁﬁgr air channel 424
and outer air channels 422. A|r flows through the air channels 422, 424 in
the direction of 417 The air channels 422 and 424 have w dths 426, 428 and
430, that may be equal to one another or differ in wdth. The air channels
422, 424 have a common | ength 432 betweéh parallel planar front and back
faces 410 and 412. Optionally, the front and/ or back faces 410 and 412 may
be contoured to be non-planar such that the | ength 432 may be different

Wi thin an individual channel 422, 424 or between different channels 422,
424. [0075] The filtering |l ayers 402 extend between the front plurality of
attenuating




| ayers 407 and the back plurality of attenuating |ayers 409. Each Filtering
| ayer 402 extends froma front end 415 of a back attenuating | ayer 409 and
a back end 414 of a front attenuating |ayer 407. Optionally, the ends 434
of the filter layers 402 nay extend to or fromm ddle portions 420 of the
attenuating | ayers 404. The ends 434 may engage and adjoin an end 415, 414
of an attenuat[po]| ayBgurd04 alQstradesn dsll eicpobt thenfikk2Qowid attnadjoacank 450.

attenuating |layer 404. The ends 434 of the filter layers 40 ut and form
an air ti@%ﬁcqnﬁet&nfl%{wg IG5 L HOB RIS B E0BHe! A QiaTee %?&%%Fﬂ%haafw g
attenuat i g AWRIeRefAR4ry dndBdideht, B BediatihS layérs 35 AR rMiagrRlity B bitkd @ahnefsund
attenuation bank 1400. The front plurality of attenuating ?,ayer s. 1407
extend at*doeust hipang ihaispye pidhntehe OptipnsHy. shaeesls1PontohavRe ek il 68412.

' The backypl i@l chinheOfscatat & MUALHDNGidiRYEY SRS Xt inados! SRt ouRATcharRkl Y
fromthe back face 1412 to the front face 1410." The filtering |ayers 1402
and the at@enuavirng Thayesnsating0ayeay 54%traekerell wemandigitlartp geddoiian ﬁem. faggn
addi tion ral d t [ :

i acent T ord R Y 80 8L PRUBRID UL ANA AR B SA0R%, SRR

at t enuat i wigh leayest © th4iont Fidebagh traepudiol Agl. | Aeatendxdg laect 4405 pesjticped in
arranged | gl,. e I r.al. Lr.ection
of o r1 B Gk SR ARhGhe B0 SRERLTRL AR BB Feukl d HERTMEEC)

positioned at a common or different acute angles to one another and an
acute angl e tdO0®He aik phir oviiltaring layers dhvapriends foppthedragk fase el Bje Adfangent
attenuati T : i ey, r £saot
interior l\?\gir% gyzf%g%ndasjggs%@hfrlfBée@&n%lgﬂf%@%%%foé?%ﬁa%%?r#l%?g%i’r cha %@?‘ 2’424
and out erthaifittecimhines 9451422 Aiendfdt ensictthraoglghio titvet and bashdaree4§9,1492, THe4 24
in the digection or,1l417. .The fil.tering l.ayerns 1402 exte t -
ront pl QBRSP4 DAL eyt Sy XA e sk D uRe) HRE e

at t enuat i lagert ayeegeddOwedn0DFait oFrdjareet dt@nudtingdéyeat €8t aTlid filt@mbdonendd 52

attenuation bank haqusi 1 hayi a f.il i sound. attenuat,i on bank 450.
The housi (™ 48 Peh AROHESE i &peafir ortisn S o s TR e B e 80 o
face 459, 47@ngteadPetkednabecieo 172 dhaljdceailiefiag By4S25aNTheaditch@diag cap pormiyon of
the back face 461 are perforated to allow air to flo therethnough i n fhe
di rect i onfSBIeSSEF FOTHT 286 O3t FBHAFTIF0!E MEGUOHT ROV P&fE BB EX{erlBeT AMUHE' t he
outer waldee 493 aabhatilcdpaaydRDouddee, fdt| foditbd QomdvalbSrYaini QR nbaiK ARG

i ncludes attenuating layers 454 and Filtering | ayers 452 The attenuating

| ayers 49@”&ﬁﬁ~filtering | ayers 452 are coupled to the housing 451 and/ or
the coupling fane 405 to ifbrin an airtight interface. [0078] Attenuating
l'ayers 454 extiesst)betmeesd i8hluétrenta tihedsodad aadlatidiebdackoutiag s04akvind he
attenuating | ayers 454 are arranged perpendicular to each of the front face
459 and tﬂgerﬁ%eeﬁ aftgruatioshank e i Bﬁealvagéﬂbmalﬂlfiwrmﬂs P&y afep WéAaﬁr’Hi m
extend ats@n, aoht e8! g bRk reSPECt Thofbhgader VO lan@Bdichas korfidk 65thd sk 461.
The attenuatlng | ayers 454 are positioned in parallel. Optionally, the

at t enuat i fage PhY@res paBraiggyio pHoycHt ép yloahdieedhrapgh it dispdiesction ot AERVSt Wer .
Airflow i épt%nﬁ@;ﬁteaeg?l,ﬂiﬁé‘ MRt 4§ 18NURLI0 A1 dnBNRE %uﬁiﬁf{%ag?gﬁ ?ﬁ&)'t'&h}otphﬁ)ﬁ;] Iehseer i ng

| ayers 452 of t er/sound attenuation hank ionally,

at t enuat i filteriseyrdrastedButionhynks ¥)riacledns ditarwating fayerals0$ ant attersnzelagendpefieabl e
and allo I.rf i,]teri . -east
part  al | y P b0 POl Sl FLpRB) L FLSir 1) P e Buph
subst ant i fadrhe/S iBep pendincuritight interfadee front and back faces 459, 461.
Optionally, the filtering |layers 452 may extend at an acute angle to front
and back face , 461, The. fi ' to
one anot her. a%(?iéinalli@%fnu?ﬁlé l#‘%f%dr“ rla%tgeln g@%?%é%%lgfn%f/ "Eéqg%%ﬁg% %g% %gdn
angl e to thadadnrhetl. M paiexeroplafyi ¢nbtedinmypt,| thy etteuaBR lhwerpdt eitenedomitkdi n a
pair of adjacent attenuating |ayers 454. Optionally, any nunber of
filtering |l ayers 452 may be positioned between adjacent attenuating |ayers
454. The filtering |ayers 452 form an i hher channel 462 through a
perforated portion 464 of the back face 461.



[0080] Figure 17 illustrates a top view of the filter/sound attenuati on bank
450. Adj acent attenuating |ayers 454 form an outer channel 466. The outer
channel 466 has a width 468 In the exenplary enbodi nent, the attenuating

| ayers 454 forma plurality of outer channels 466 each having the sanme

wi dth 468. Optionally, channels 466 nmay have varying w dths 468. The outer
channel 446k has 5a1. uDpficany, whdithendfiBg 1etsi DAahdyYextdnb&ond tht irodBBc0S09%t hiheout er

channel 466 nay vary. The attenuating |l ayers 454 e arr ed pe di cul ar
Lo each GRCRRENE Fry SPhEE afseLed e e ECHALR CHUA t%%i@fb%tﬂ? gﬁ%?ﬂdyﬁe bt lace
attenuatifng b%ﬁ@ﬁaﬂy,“tﬁé‘aﬁ@aﬁatﬁ?tlm% Al ndY Y B ANGLE aMiiE Bith eSp&Eto thofiblte
front and back faces 459, 461. The attenuating |ayers 454 are positioned in

paral | el .andpeslofies) 9. tHe Hieiwnutinggyeayet areamaiipasd poaateh AIRjioaHi €8 wit h
respect ta@teﬁ?aﬁﬁ%%y%ﬁoﬂl%}gﬂé A bnddd Tich bEHEA Yo leRMS B4 SRir BN §NEisectdom

t he hack face 4 The filtering 1ayers 452 extend substantially _

per pendi chioagh ths filtreing donges HRdandaibiouslheekanBh S04 gqtendg therigh|the atfqpuating
filterin TRy, GYS 6128 EsehOintd BPlaRD fhaP ALK hACes
459, 461%%%%%4% tégll%l) ng ’I@l?/%ﬁ%ﬁﬂg% %g%/rgbe_ ara?a%égrgﬁ_ gltntegﬁy 'gngfﬂg Wi t h
respect tmeroméleamot hiéw aFfiewfthéredrdugly | Qytemsllyi5ie eitlends ritevieé ihraugaihe of
adj acent att i . 4 The filtering | ayers 452 form an inner
channel f%%“‘}%g@tﬁgl%f%%%ﬁ?yﬁrgﬁ %on 464 of the hack face 461. An
attenuating cap 470 extends between the ends 472 of a.diacent filtering

| ayers 452. The034l t ediltarinaglageip W20exienyl repeass eattiailnt feam dhe viggnt fage 209.
sem - per | oW I r ] Lonet .channel. 464ineThe
T enuat | T ey R e el B o e e g
non- uni f deyersy5@2otxnaid dubgt-OO8IR] pérpendeulb8td the disnr atddwmcla ffced H@ SEbuPdtionally,
attenuatipn_.hank housi 501 havi a filter/sound at L k 0.
The housitﬁegﬁgf)rin% lﬁ%?rﬁaggmgﬁteé(?en\}/{vaaﬂgg a%%,agqett%%%%g,% t1z;a"l%go e%%@%gg?. a rront
- Eke 509, filendg éaylrack2 himaerabdedl.pariiiel th oanindilaceOb¢hadndhafiltdrmgddyess P8mtayon of
t he back face 511 are perforat t Ilow air to flow therethrqugh.in the
directi orPec?fraﬁgegld\tI\En 105t f’“boﬁlgqri %‘C aélﬁ?gﬂ%,ai}'?fgs%fzrah% B3 en@?‘&“@ﬂ@%r g(;)é{c:tr?g t he
out er walthgn BOSrtandintdifcd. otheF0&ringd hgerk 502 &irdcssitigl atd o ttanhanohank 500

i ncludes attenuating layers 504 and filtering |ayers 502. The attenuating

| ayers 504 an i.lterin rs 502 are coupl to the. housi 5 d/ or
t he coupling g?@rffl Sfég@%llélﬁﬁﬁr%{ﬁs aafoptvile%?yt{ﬁﬁﬁg?r{sﬁ%‘rati%b%’:?f&??ke%oam g

| ayers SO#teexg eydrsad02l £as theptetiadhd Yaybetitean fodaethercbatnef 4o 30O amendatirdze
back face 511, In the_exenpl ar odi nent, the attenuati | ayers 5

ot ondt 1B MY R TR BT SEOE QAT PerRai Gt dndan A BV Geth nay
extend fremtdRct eas f aoRicadd;, thth@edltigNMadt AEH drdyBlefindR4erab® @by angrd
perpendi cul ar to each of the front face 509 and the baﬁk thee 5

) 1.
Opt i onal 13 an grge atdleAtArshert lajherlonsen bask feegt etrd 24t dnc a%%tl%tm&ﬁ@leés Wi h
respect téﬂd&ﬁ]ﬁﬁlf&i@?}l@i@ﬁ Slg%-(él% fREBED@Parabdil OpliagaIBL HRAUBINEL la3es®4 B4 are
el .

positioned in para tionally, the attenuating |ayers 504 may be
acut el y dhgfisenngilasrs 3 peaytbetagutely@ngled weh respgct f9 3@l ptherdi r ect ed t hrough t he
filtering layers 502 and through a channel 506 extending through the

attenuating | qyes$ 5QﬂtheQ%Elin?1@®| divbodin@t, dhd SiRbdHkinD thykAa%el SaQdrdi¥nd 510
represent interior walls that are sem perneabl e and all ow airfl ow

t her et hr cuigi. badpenconl | he fovs ead p1Y by 4 widdh ? Kchaids erpistigin eredéndfiméhesoe
to the fidterdhddibayers cRARel 506 expands from the front face 509 to the back face 511.

Optionally, the attenuating layers 504 may have a uniform width. Optionally, the attenuating

layers may be rounded, flat, pointed, concave, convex, and/or non-uniformly rounded. The
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[ 00841Filtering | ayers 502 extend at |east partially fromthe front race

509. Optionally, the filtering |ayers extend at |east partially fromthe

hack. face 511. The Filtering |l ayers 502 extend substantially perpendicul ar

to the front and back faces 509, 511. Optionally, the filtering | ayers 502

may extend at an acute angle to front and back faces 509, 511. The

;i : teri ngatileﬁlyﬁihg 1503 584 @ncﬁﬂhé angeat [parad 2ebrot me;ammrﬁ@shene ct@ﬁﬁeilemauilrgﬁts t he
iltering. |ayers 50 y be arrapge t. a ngle to one another. Eac

filteringiflgyep aﬁ’@fgré%atpgnﬁﬂéé{ ?gﬂﬁg‘i&r{@ce{g&?er 504 to forman n:1E-tight

interface. The filtering layers 502 direct airflowinto the channel 506.

[ 0085] Fi gure 18087]| ustigiat @9 dudt@pesvd Glerabuidettdnuhiicar b undsiag ttéhatingn bank

500. The filtering | ayers ut, the tenuating | aye 504 Form t he
ohannel Sotss i Men B tnRg o0 ol hougs sk aot A T pEIT RS PEpas Hgslhr o
arranged perpedai eed 50, 49 Laeh reb skheThd et frceo 2fPaand: & pertibaskiht ag& 511.

Optionally, the attenuating | ayers 504 and filterj n% | ayers 502 may extend
at an acufe anglrE RF{HAERPSEP™Vt FF EhdloPT Bistethipshn L fer Gssdons 9 a8y SoFhe

at t enuat i 9idna¥e = cRPfn@ Ml me N3 f dxkdnBE landg [tBY Bhter RARs 85F aRPHet doprESd. i The
parallel. Optionally, the attenuating |ayers 504 and the fil terlgr% | ayers
502 may bEteysernd|ajteauigpebanki 10 ipdudrs@ttengtivmlanerstptand figoselpyery i The

exenpl ary fi 1 , 10953 | VBushd £AntogRdaRleheand a
back end a%%g&%ﬁgﬁ? %sosgﬁqg%aﬁqt%%%%gﬁgpasw%ﬁﬁ)ﬁgggﬁﬁgt 81ils g{;r eat el‘rf:{ t%gﬁ a

wi dt h 51etefuating layes kS ael e AlterMedaysiniiRanaysgerosripd o upingnrankeS Brio fmf ace

509 to t ok ihRase2l] - Optionally, the attenuating layers 504 may have a
uni form vh\ilﬁlda??l&ﬁéptl onal | y, the attenuating | ayers may be rounded, flat,

poi nted, concave, convex, andlor non-uniformy rounded. The attenuating
| ayers 504 andO@8%¢ f iHikesiigheyersaypd estenbgleasopanialydetean HelfrogpBee THeand Hignnel

506 direcls, ﬂcéf5!5F%ﬁ@ﬁ%r&%ﬁ%@%@ﬁ%r@%ﬁ&@d‘p bndRlilal REeaPREKE 368 Bdelsso
[0087] Figure 20 illustrate ilter/sound attenuation hank housi ng 551

hayi ng a dndithebdosdaredS @t t @ptivanllyonhdBidkinggayersThig hausiteng 850 dcwelangesvidut er
lls 553 t QP 5 t - - , 561.
o ronFils B0 Ry oy SRALOIRIST ok, CROPhl AR, 500, BByl bR

The fromI;‘e 2] eas ortion
per f or at edpttonaldy, ltiewilairing fayefs| 56Wntaly e etiielg uggled with hespelit teetch othenf Aaflovows

558. Optignal ly, a couplin [ 5 ext ends.al ong _t he ter l].s 3 and
the top 5‘3?@%%@‘% taeayg%%nsg6aofme%d8§?tiv"3%n ﬁqlﬁnﬁﬁgglﬁ R usggsandatt en }ételg%g
| ayers S55iteaing ldyet 152ri ng | ayers 552. The attenuating | ayers 554 and

filtering |ayers 552 are coupled to the housing 551 Optionally, the

coupl i ng Tramd s ¢ oltdl ity 1 SRR BYPAE AR RY SRR B % P ¢

5: 52 ext edglicatlly, ks bttgnastingaller vdtavemds vhradtrpantally doen BeArandaden®9. The
attenuating layer 554 extends substantially perpendicular to the front and back faces 559, 561.
Optionally, the attenuating layer 554 may extend at an acute angle to front and back faces 559,
561. The attenuating layer 554 is arranged parallel to the filtering layers 552. Optionally, the
attenuating layer 554 may be arranged at an angle with respect to the filtering layer 552. The
attenuating layer 554 directs airflow through each of the filtering layers 552. Optionally, the

attenuating layers 554 may represent interior walls that are semi-permeable and allow airflow

therethrough.

[0090] Figure 21 illustrates a top view of the filter/sound attenuation bank 550. The
filtering layers 552 form the channel 556. The attenuating layer 554 and the filtering layers 552
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hack face 561. The filtering |layers 552 are arranged perpendicular to each
of the front face 559 and the back face 561. Optionally, the filtering

| ayers 552 nmay extend at an acute angle with respect to the front and back
faces 559, 561. The filtering |ayers 552 are positioned in parallel.
Optionally, the filtering | ayers 552 may be acutely angled wth respect to
each ot hegre aAhddel @¥pbislidlidr e ot Jf hicofagh fte GBannEihe Hock tats pEd Ogloneien tiche
filtering | ayers 552 and through each filtering |ayer 55%. ,

[ 0089] At t &iFHIEANA oyeny ¥t A5AllERE dayges 2P %ya@%tefﬁaﬁt €1 P15 2R3 M HEPEIIR Heace
S61. Opti@ealdnY,babh@addt tse US4 1 NGhé aﬁaruawlagéﬁ endan@thel BleSFingPaydd 353 Yiref r om
the front face 559. The attenuating | ayer 554 extends substantially

per pendi cRisaongdintigeallel oPrtioapldy. pecktepyatiag saysiad4 ag the {sgringdayersySS2try be
attenuatingh@%?kd@Qﬁr&gth@éﬁﬁng@t an acute angle to front and back faces
559, 561. The attenuating layer 554 is arranged parallel to the filtering

| ayers 552. Optionally, the attenuating | ayer 554 may be arranged at an
angle with redpetd t ontthreeempiasy pRBodinGHy thssgtenupties By erelvddtas Adranh gt Sa9s4
directs ajjyf] opwktHaoiah BrRChcRlend BE2 fid L&plddng thayeksaad2e1 fPid@anal didight he
attenuating |ayers 554 nmay represent interior walls that are sem -perneabl e
and al | ovinigrfeed ohha fiettenHriefds rounflgooOpmingliy.ehe fropt ¢ngsioPanasbafltopoipicdw of
the filterspundbnddl SREELIANNRBAy ABided end fitdRE I439rs!5BY €5:%h e €ndnBEITsb he
channel 556. The attenuating |layer 554 and the ffltering layers 552 are
arranged Prer grenetl §66 diredipai topfn efeaingridritolfilkrckackgereadd. tQusiopalyk openee 561.
Opt i onal | t ing: | 4 filtering | ayers 552 may extend
at an acJ%gm%ﬁgﬁgl%ﬁ?ﬁﬂ%égggggx?%t%ﬁ%&g$%%f and back faces 559, 561. The
attenuating layer 554 and the filtering | ayers 552 are positioned in

paral | el . OptileeRal| y,Figne 23t Hlesitasasi nltpréspurd Biepuating bank auping 0hdaviager s
552 may I i : 9 |
exenplaraﬁgﬁggﬁﬁﬁéﬁ??g% en?%?@nﬁ%ﬁ?ﬁgh%gg%ﬁeﬁg%gﬁggaguéQ%h?hg%gBB%%ﬁggh a
back end ®&G2a fiohicfatra®i, anich BER fics 6¢ buphetiontdadetdO bat ki Ifat & p&®En pbthE bagk an
airtight 4nt e The f t_send.. i i.0 - end
560 may bf:fi'"?qt ﬁii{ ,%PepBFIJ?n(ﬁ%tg%’l qgoagggv%l?g(ggi r?\?veihf%%angg%lr ﬁﬁg{ﬁ- (ﬁl}ﬁ%cl(l%l} r?'F rya?rf) g&%@é’d.
The filt eOptingallgyecs:pbb? ffaokem IBhextaldanivel tbdoutell hellc hahned tiEbEpdidcecTis

airflow tg. an openi ng.564 of the back, face 561, i0 | openj 64
meybe_a parE oraR el RRee Bt ReRES du b Rale Blis PhusSflys BRE060L PR

i 11 ustratesnatihi 14yers/ ®ownd fikktigniagérs 602 Bandoupledisd thg hoOsindh@di. NQ@ptéonally, the
Filter/sound attenuation nk. 600. The housi ng 601 i ncl udes. outer, I1s
b0, ' rBusne T CR ! B 8 £ Sd s oD BoP Bl S BRI S e
front facge H0@handriade | east a portion of the back face Ol are perforated
to allowair to flow therethrough in the direction of arrows 606.

Optionally, a upl i frange 613 extends along t out e I k 603 and.the
Chp 605,  The ATEEr/ St 2T oHies rommaRe 00" Phoe b S s Ag Sy or
604 and fadot eThagltdrAy@idSatdation tAnRGLE Mbdidend Jl@yel SorGldriag thykisl doardndc

e o S OB BB T SR AR o BB SRR
613 to fofgWréih Bitértrdgderd 6U8EE HRERity of first downstream filtering layers 610, and a plurality
of second downstream filtering layers 612. Each filtering layer 602 includes an upstream end
614 and a downstream end 616. In the exemplary embodiment, the ends 614 and 616 are flat.
Optionally, the ends 614 and 616 may be rounded, concave, convex, pointed, and/or non-

uniformly rounded.
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[0093] Figure 23 illustrates a perspective view of the filter/sound
attenuati on bank 600. The filter sound attenuation bank 600 includes a
plurality of filtering layers 602 and a plurality of attenuating |ayers
604. The plurality of filtering layers 602 includes a plurality of upstream
filtering layers 608, a plurality of first dowstreamfiltering |ayers 610,
and a pluralityoef senendowawesh reansfd bf epbti@n ayefiss Gl2r cBach fdsitibrsd ng

| ayer 602 jncludes an upstream end 0214 fg;\:[nd [girdowrgis ream enﬁ 616. in (E]E)e
exenpl ar yAdarBEdhereptreap sad ShA ST 62k ohal Brbansh weqnddowngieanhHisering 1ayefe®tdnds
614 and 6} dy BiRichaUNdRde FRNGAYBs cEPMAECHI/R Fbritte8 Ante@BN &F foR@NmULNM iRy M Y
rounded. [0094] The downstream end 616 of upstreamfiltering |ayer 608 is
posi t i onediesldfacknitirsewapsamddivriantty e Osrtepgihom thetpetreant glfeﬂé}ﬁéﬁygfe%%d
downstr eap 'alcﬁtgrahﬂg. RY 8Ldn® $ Q0w ARGard FerifPlal @Ak Mienl8SH (ROGSERY (REr
coupl ed ancf/or orfred integrally to forman airtight interface. The first
downst r ealydridog et imasutesngle tBa (s eekbindsorPpoimnte Hi auplstbewepsn thel firatrdomgstreayrer
608 at an I M i i ds
romtho LRt b eyl Pidim IS LR ARRIL: AR ket A0 PtRles ShenP e
opposite to the angle between the first downstreamfiltering |ayer 612 and
t he upstream fPP%5%r i nthel atiparatiog dayemptGdorragndybetwase thepapsaisgyn ddterns laxet 6 ®qual .
[ 0095] The,_ at ' fAfeliBL |

[ayer: 605" ardtana o) RISl Hhoh B DR IRRD: bieny BoRTAEy fichRt e
second do@?stQueignallyi the ett¢nugtingdyers @FanayQuteand haiweyn 31@ ihiest and waenst domgstreayer s
604 may e : ir ten I rs
610 and ch e PR ol | A B R O B R A o
to the fiithtd&iteng lgyrebe2. 60Riondby, itlomattehnyating ey esst 0é moeat dxtend labiyre argl 6 BAm ey
extend at_.an. angl e omthe filtering,l r 2.. Adj at j

| ayers 60911%l oeniAl Y &g: ' aﬁd oFet éllt?uaﬁﬁg}a&%éﬁloafgﬁ%ﬂaﬂ %@%ﬁa ]ﬁhgéﬁﬁg&gglyé rE%\54
may repr egentatingti@retsofSawaby septdhatt iaeeorsedis-tharane advhiepeanehbll dndvallaivr fitfow

t her et hro%g(h. %%9196] Figure 24 illustrates a top view of the tiller sound
att enuat i OF B5HE 600. The attenuati ng | ayer 604 formthe channel 618. The
attenuating |layers 604 are arranged parallel to each of the front face 609
and the back flae®]611Eig@pri dhatrhiys a tdpeviat bétiedllierigpuhdyeensatEOdbanmpOexTend at
an acute angle wth ect tqg th o] d hack fac 609, 611. T

upst r eam FIFLENE e é@@&rrgdlée? mbeggﬁl Ehee eﬁ%&ﬂ%ﬁﬁieﬁsu ar™'% %ﬁatnﬁ%dl?’arrecl)ﬁr}e %nd
back facee®Rf tieliont Gpfei cOnalnt Yhe bdre fagasiin e adptionhitye thengteh@yri@p day@rse604 may
positioned at, an acute angle with respect to the frant a back faces 609,
BI1. The PHTGral eiodiE MR IFY TPRRGRS ety ndgper Bty SR wadBRaPianAlETadm
filteringaydragsrisGhbiitihd papéhdRAst tb GREdoRt arANbRRGh& % 511 esPRBbally) thhe
front and Z)ack face 609, 611. Optionally, the first and second dt%\gg?tream
filteringuashyen §lgug lawivaggpgsiacncd abanispis angle with ewecttp gistrohand ¥ates
609, 611.¢d0@9Y 1irRe the BARIREAT MieBND MBS and M€ saohe MBRhitRgm| Bikehg 6Q4r has
a front end 620 and a back end 622. The back end 622 is coupled to one of
the filtepiZmge p@y@pgtxmg at gn gngeyyvisnrespect to the front and back face 609, 611. Optionally,

the first and second downstream filtering layers 610, 612 may extend parallel to the front and

back faces 609, 611.

[0097] In the exemplary embodiment, the attenuating layer 604 has a front end 620
and a back end 622. The back end 622 is coupled to one of the filtering layers 602 to form an
airtight interface. The front end 620 is rounded. Optionally, the front end 620 may be rounded,

flat, pointed, concave, convex, and/or non-uniformly rounded. The attenuating layers 604 form
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airtight interface. The front end 620 is rounded. Optionally, the front end
620 may be rounded, fiat, pointed, concave, convex, and/or non-uniformy
rounded. The attenuating |ayers 604 form the channel 618. The channel 618
directs airflow through an opening and/or perforated portion of the hack
face 61] . [0098] Figure 25 is a perspective view of- a danper 700 formed in
accor dancige Whanhel 318 € Mo dhamBElt618 tiecth aictiowd Elﬂ&dgh%fﬂperﬁm% R/ & ERHias@ispotionhel |
705 which defines a central openirw, 702 having an inlet 701 and an outl et
70: 3 t hr ofghe BeRk &15¢ &1+ passes. The shell 705 is constructed to fit into a
duct or passageway through which air flows, or be placed i nmediately
upstream or doums|r eany0é 2RisfaaRrspditive VEb@faldmpafmom@m&halhccaﬂsndéaﬁemls
upon t he S|ze of the uct passagemay or, fan unit.

e s

const r uct@bodiment G ijek dhdetmpgt 410 RAwrisei shell 7 WB‘E%F%@"%P CP‘H BIEPE‘I“& 703
whi ch enm%wﬁ% agnﬂét%@lan@agoﬁl@am tmdagh wcﬁlagfpra@,e@rrhze&n 708 s &fhetnlcted05
has a top 7 ottom 709 and sides 710. The shell 705 can _be rectangul ar,
el Ii pti cap fit &Ho pelupicPr PrIegeE|throrgsweigh aﬁélowamﬁ bealasqd fRBRd IR PEYHESO Of
mat er i al SRR 0@y 6 di Bherfintridi FRNSE ARSIRASARE BheRdPAFd 41! G BPRId G@ki on.
[ 00991A plurality of vanes 712 extend between the top and bottom surfaces
708, 710 mwksagdreayserefan upps. THEHbeN AR S mztnpnwboﬁobﬁ aREn sb@érmq@%samhhem lippher e
air can f [ 9 7O Zheri@nd
cl osed pos ll)&t\‘\éldcs)%gﬁé @gfseﬁgi %hRH F%grggn gpé&gg I(hg)\?vI %t gé‘ﬁegﬁpit’ heTcg%ter al
openi ng. Hﬁdmvanes7U&thaméﬂﬂamdem&s77Q3Tmmﬂwbdﬂﬁ@mnéﬂd@ﬁm$5M‘ﬁbmﬁ@édﬂ
Ieadlng edge 1 h n a es

'718 resupgfﬁgﬁﬁnS%aﬁg§§ ae@gﬁ@%%h§§88%$é9%$%§cPQ%@gg £ h+%p%ﬁ§g&
due to aidimehshonishgsedven paﬂmeulmaap@hcatiﬁhe vanes 712 have a w dt h which is I ess
than or equal to the depth of the shell 705 and a |l ength which is slightly
| ess than the joght 4 i y-have
any size sui t&g(fd ﬁJf orﬁﬁlu;al\%(?m%eﬂg%é &@%@Q&J thg%%gnggém?%ré%é&%dzlgen
t he vanesofti@stat §06.0Tie quesd 2asoa bmiveed opbt1t pORIfamE, mghelr@ylepan Tpr isgrstantially t he
vanes 712 se e Ie an w airfl
Opt i onal Ilif“m%/ﬁf‘ilgg\}’a%'ggsh tgel B r plelrlllélg e’ afnl %05?4’%0958 éjl‘r?1 gsh%d 3’%‘%2 ?1{/% nf/wt t he
vanes 712ﬂdvayhrb@ghathecwinra1laipe1ﬁmg.ofThatvtaﬁaemﬂaltzi nge Itag/emds ‘Aidaridi bottemi exgls 17a§.er s.

A filter ban 2Q. i s ,posj.tione the outlet 703. ti.onal he filter
bank 720 T eﬂieag%iefjg%?éé i @S‘ﬂ?ﬁg}]ién‘fhl@fh Wergﬁ'ﬁoeé‘ﬁn%té?lﬁ%‘?dggyé@ PRl ed
to the shglalned@f ab@dyd@iics@pe ainfdhi ogéhtesllﬂﬂeedrﬁgd@e to air flowih§ 010 Qhe Fdnes. vEiRes
712 are rotanbly npunted | t he shell 70 thaE %gleir ﬁléﬁ§ % rotation
725 are svafl@%ﬂ%y/hadﬁfds%lfﬂhrw A 1% l§ssy &fkmf? Jenth ok e she ArgP &gl b
the tops Qfick neshgﬁm%ssm%l hlglhe%hpéfqg@ghencvos h@pnahaelty 0 Vakddam2 the Hagd 49ns of

the vanes 712 e ‘anount of fset depends on the size and wei ght of the

vanes andifehgitapigpt uest wihthe sholk A I F}}e peEelarh cobgHmee theavarer 71 /e

pur pose of,,khGePhd $8did aﬁteh&tﬁgtﬂa%@r 90RNbdaMy e LRLAY S LIS b aRaSpdRedNeild
fully closed position when there is no positive airflow through the danper,
much i n t#lewsairfowathaesr tlmth a Pefioneler deovangdof 12 Ingpge dncludewiliaing fapers.

of f set ShRHérgatnglyaﬁel\)ﬁﬁéslﬁ %%sdsé(}ﬂlb%lahgn ngtﬁénﬂatfn 'l erea'?leflteﬁf-?g Iapﬁ% 1Ahe
vanes can rotate ir ope positions quic here I's any positive
airfl ow tfﬁitemlbglhk T0es shratidned Mothe owtéat 703. tOp@onaléssut eeﬂlltqr@alﬁaw mérebepnssiongsec one

fully OPEfgs 1V\fe¥ %lasf If rltgll banf’%“ﬂi(; ls%%pﬁéd B¢ éthll $05 to form an airtight interface.

[00100] The vanes 712 are rotatably mounted in the shell 705 such that their axes of
rotation 726 are slightly offset front to back from the vertical at an angle with the tops of the

vanes 712 being closer to the inlet 701 than the bottoms of the vanes 712. The amount of offset
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[00l OllFigure 26 illustrates art attenuating filter 800 that may be used
with the exanpl e enbodi nents above. The attenuating filtering includes an
attenuating |ayer 804 and a filtering |ayer 802. The attenuating | ayer 804
has a front face 806 and a back face 808. The attenuating |layer 804 is
sem - perneabl e and allows airflow therethrough. In the exenplary

enbodi mendepetd3@nfthd di RrandGveiy 6f th8VZnee KhiEiMd amalR g aeds et 481 giss thh®igh the
attenuating layer 804 to encase the attenuating |ayer 804 therein.

Opt i onal | §pmpes-héhe pyrpese; Highs aljest ssiorapset ¥mdy taITekRe %ﬁ vgnes e thefr Tl closegng
Face 806 @floh Wheh RRrdPAGK Jodicite 80R Wihrb 28 (RS §RMMALHRY ih MeamBknner that a
[00102]F|gure 27 illustrates an attenuatlng filter 850 that may be used

wi th t he eiigasie depirdesemeiiesever. igsifiseitsbenla bogdittiqprepostible fulttpin ghis feptleso ng

i ncl udes @ ot tvgﬂégaéamgta AYelhef jﬁeﬁ"‘gg iforls Jgh&w DGch APE i8R %&h@e airflove
attenuating layer 854 is sem -perme e and allows airflow'therethrou

The fil teuhrqugh H@)ﬁéﬁll 88révarsr, & if dented t@baye856 vams becobmdklly apsae@B@h ap fitt ehe
exenpl ary,, the attenuating | ayer 854 extends al ong each side of
t he fllterlng ﬁé&er %52 to encase the filtering layer 852 therein
Optionally, the attenuating | ayer 854 extends along only one of the Front
face 856 and/ dPOtOhk Hagke f2acidlugB@esodn pigauftingt Bli¢rngPl tyemagge, used with 01031
Fi gure 28 f Jeen. LR RcRfe M £nl8RE BIEM04 and
acoust i cal )C?@B%ﬁegg):oa nlcfggua?%ces a%%% %%ﬁ%&ﬂg{@enﬁétg?son ﬁqe&ear sé ﬁélgrgur e%sfl a”8 30
show a fifilgringidyedBedknThé attanhitoly layefr i8péhgd adonchre 8&Xpahias badkr fogre¥d3cellle f oam
24 | ayere t. he, fib 22 Fj and
30- 33 shoeltite S 308 ARG, a8 irc BB BR-ERh e I By,
for use oefmqmdmﬁamt athedﬁltlen@ mhy‘éra&(DmgxtErﬁis dorgueach 331earfdh84ttsrhmmnglaym 8@ to
enbodi nent_in i nsul tlon b s e

incoat ed Gt ot ERrS R BRLSAReRTO BN R B Ted B 367 Rt Al oy
enbodi nmendnesiicharirdnhfabd glﬁreels/oZ&er@ck fabd 08| cﬁyl&raﬁ@lmaﬂbg)dymw. i ncl udes a

fi berglass core 22 (or other type of insulation) that has an open cell foam
24 | ayered wit | east e, Side of the fibe 22, vant age
to using both [P%@Eh gkggurF asslllﬁ% i 4 a%eﬁaatf%eﬁ%ergﬁ%cgﬁ %]a zzibne}l %? e‘?ﬂla?&

that it i&ain@&&n&))oﬁmtsvlﬁusttﬂ’a&ﬂ absvengriepenneehd ﬁitemrg inelt:ési aal attahatieg beeause

open cell_foa re e ve .t han fiberqgla Anot her e to USi BM
both the FHoBRgI it P A PR BEARveE B BBl A FE S lon

wei ghshl etﬁéreﬂlhﬁl@hlu$hdfﬂﬂltérln§eaf§@f ﬁ.‘SZSha@’gtfﬁ)Ihi fake 8dcame abvaclatises I8, Eeml e%&iipl‘la@l ghs
nore than en ce oam _Anot her_advantage to usjng the fibeggl ass
mat eri al vt g RIS BAF Fek GHPEP Tanet Fah Side qfﬁgff Q‘t'tﬁré“& il al s
provi de déntis%rt@ﬂﬁltérmg%ye@fss@mek&ﬁ i opﬂlcnﬁu& ahé enOMBE 13yedish4 exients alcaagRlyof
frequenci es. Together, the t ials provide sound absorption over

greater reGéts TOIUF@&%%ﬁ'ﬁﬂ“@@ft@%cﬁﬁ%wgﬂgltwlﬁlﬁ%mewS@h a vertical axis

as tile absorption coefficient going fromO to | and a horizontal axis

showi ng the fregwencyriget N fShem QirflowlBetQRéh lthez tab FHpPIk 0X0 nEiel YeprbRnipeak
point) is neant to be exenplary and does not necessarlly reflect accurate

measur emeifpstically msmﬂ@oi‘ﬁfff]"e%aﬁ%r%@?é‘ﬁq FHCBEROY 48Tt s TéguresnSSRi 1Y R aYét ed
enbodi manémtio'aﬁ]'léﬁgﬁl »ahlén Qﬁﬁagﬁﬁoﬁﬁha@%n Whdrte@RSanS b ARy LBY RIiRH: Mt BnOREN
cell Foam 24 é gure , |berglass core 22 with %oth si des | ayered

wi th opercfdks fibergiagmeou Flereé 2B9yd 3PP shaw 1 paserdralodingsst eomipnigéhe wagler ed
with Ope”orﬁéﬁlcku ffm%nﬁl%klhs'edoéo,yerﬂ%éoof@a%ﬁg 9 d pfRed 19,2634 BilQUE enid0) -
The bottom section of Figure 3 nmbodi nent” of Figure 30 in use in
an exenpl arbpdaient ramldfliethe entire srnman@h masfblsb@lmd adthh gncogied @beregeH dedny pad
enbodi ne could include nore than two | ayers of different types of

i nsul ation. For exanple, a four |ayer version could be open cell foam

fi berglass, tockwool, and open cell [barn. The | ayered enbodi nent coul d
actually be "tuned" using different types of insulations, different
quantities of insulations, and different thicknesses of insulations to have
the desired acoustic properties for the24 ntended use. [ 001061 The
enbodi nents described herein include a nethod for making an air handl er
using the panels and | ayers. The nmethod includes the steps of providing an
air handler systemwith at |east one air handler surface, providing a core
of first insulation material having at |east one |ayering surface, and
providing a facing of open cell tham second insulation material. Then, the
facing is at least partially layered to the at | east one |ayering surface
to forma layered insulation board. Finally, the at | east one air handl er
surface is at |least partially covered with the |ayered insulation board so
that the facing is exposed to airflow through the air handler.



[00i 07] Turning next to the second enbodi mrent shown in Figures 28 and
30-33, this perfecured enbodi nent conbi nes the use of open cell foam 24
with for use of perforated rigid facing 26. Conbining the use of open cell
foam and perfrirated rigid facing provides significant advantages for use
in air handlers. For exanple, the use of the perforated rigid facing 26 to

secure the opgneeai | T&ﬁﬁ%%ﬁstd@@l&e nAt embeNinkhtCABHhYin Rdiee28 hE tBieUndred
absorption qualities of the open cell foam 24. A shown |n Figure 3 t he

; 1
open cel | endodieqnp nsluges & Hesrgpa soread2 (o eash o ofinsylRgondhat ihahd open celboapen

cel | foam2ay &1 Rt e SfcOmOpent M8erHRS chedhal noddedifkiOfAlSd bl
facing 26 (s%own in front viewin Figure 32 The exposed open cell foam 24

i s able tigheatizonmiosioland thmwmss cell fv_amﬁ@ateriﬁhéﬁdivéfétnﬁ lespppersiigi thf wperrertdl f oam
24 Lhri 1| B BEHARCRORRAREALAS ! Barh MRrPELLATAL Afh fAlBliELs! ARG £RaARRO! DS
sound waves. I's can be conpared to prior art enbodi nents i n which sound
waves ar eorusing dothetde fiperghes wetostlzant! ithd dnenrcelifermimaishinlaig vt ftoveisly 1083 thane
snoot h faci i i, Vi rigi j 8]

Al or nat | BLLSHREARRSH S kool REFEL s b MR e oo, padhe

fi ber gl asalvawage t@ dsiag toth alyefiteds vds tnimta@pbmdetbe bpdnoaihfedn sewtnlad thayispeat ther at ed

rigid facin 6. (Fi qure,. nd non-1 ayered open cell.foam 24 u by
Dot or ar et E adten PR Re R B RN LR R il AP otRAHRE R O
not ed t halogathee thatwo maeritie rovidet Sundybsogploaceepegritar ahgdof frgjudndiaci Tig 26
shown in Fiqure 32 with glternative securing.structure such. as_.perforated
Trore nctrg Bouftnh el ST R R S BRERT huheT e TR oS 1R 7o
grids, orh@kbiesl S@CtHowig Gk ritbghedce gdlhgt fadth @ 1001 quoBViENtt iigpeoxdmemsiycat pedkoam
24 from bei.ng. drawn | nwar d. h001091 .','he enbodi nents descri bed herein
"ncl ude aPOHRT GRARP DREIGTHE S ALSges RORTHPSS T el Ee AR e P SBS S

enbodi nent. The nethod includes the steps of providing an air handl er
systemw t h at[od®@apt Alrenadive elbsdinedts sfithk dice laypred\einthodigheaprbludeh Fibérgam

i nsul ation erjal, .and providi ng securi tructure. through which said
factng. ool SxpoubHat udnT Wihopdh idbin 2 RblPohaTuraint e SLaTheSEy

| east pardidedlidy¥rcd OMer &en it faina ORER BB dnd fhaRerdlAs thrabd aid Igdred ivath open
Finally, the open cell foaminsulation material is secured to tEe. at | east
one air hEHdPEY 24 secppd &y S8Tionied ierblapng £f (ipwg 38hehredoftPmsgetionioh S St i%on
nat eri al §hgwe¥RAHHAdinRnd SUINGLABY €8 uaNH /2R TexdhFihdy QWY Hahdier aif shduel Akd b er .
[001101 Turning next to the third preferred enbodi nrent shown in Figure 33
and 34, itatt g Sltereiat eabosibeni el ncbpi s e tentlpyees phglififesent dEPodk d i s
repl aced Wi tih; un j ' i

Sl t abl e FouioHs FRb o RE AR o @30 g ??%%?ﬁ?ﬂi%“ﬁ%ﬁ?%faﬁ%fwé%"wa :

sat i sf actaney cklbrfoanne Tihatleysckeldennbndingnt woulH dickelly hacbapd abiing diFferchetypei ended
client. F : i - i ' i B, i

nj ect abl B R RARERErH haBlioRCRARERA MBAUEL o PopBRER IO BB R
ai r handl @siredMctestinatipesice fp ok intended usd. t he second uncoat ed enbodi ment

i ncl ude uncoated open cell foam 24 secured by perforated rigid facing 26
(Figure 33) u d e : . ed. | f - U, 4) .
[00511] Fi gur d g0 o B Pafilihed € ARCARERENIE e AR, RE ATl o
handl i ng umiller 403 thatpa@OLandala@ys. nTlaa mathod snchdss the stveslofprohidmgtah@irdiandler

handling unit. .The.fan ar LS ¢ i t.o g:ml- e | ir
handl i ng i Vﬂfh 336%?1 A |rﬁ%{%drl§rbsgﬁggei gf%g@glﬁt"i Cgﬁé; wgtl%sﬁh[lgiglggﬁ?ﬂhﬁglﬁgIatlang
unit to fliedst ene taheing surfbdepundprotidenzet fariog gh opéhnell ffpdnh escobd mlsulatyn ipeterial.

posi tioned upstream.and/or d stream fromthe fan array.. Posi.tionin he
PrTter bantett M Boery poRr NG e lubf hae o Pudih tingr 7 o iied 27
908, at |igasgiticaneadt FenUatthig [bAYefe dishapdist durfaceid aadpsaparibllyt dveedfed Mitdrnhag

layer. Optionally,. the attenuating |.ayer ahut the filteri | ayer.

Addi ti ona]IaY‘iV?‘?‘t“ﬁéatéﬂ“t%@ 20itH " eaﬁfg‘?‘g Iﬁﬁy%gda%&ﬂai"@&hr?‘éghtth%mf h"[a%rr'i ng | ayer.
At 910, the filtering layers and attenuating | ayers are arranged using at

| east one of the configurations shown i® Figures 4-25. [00112] The

enbodi nents described herein are described with respect to an. air handling
system It should be noted that the enbodi nents descri bed may be used
within the air handling unit and/or in the inlet or discharge plenumof the
air handling system The enbodi ments may al so be used upstream and/ or
downstream of the fan array within the air handling unit. Optionally, the
descri bed enbodi nrents may be used in a dean Morn environnent. The

enbodi nents may be positioned in the discharged plenumarid/or the return
chase of the clean room Optionally, the enbodi nents may be used in
residential HVAC systens. The enbodi nents nay be used in the ducts of an
HVAC system Optionally, the enbodi ments may be used with precision air



[ 00114] As used herein, an elenent or step recited in the singular and
proceeded with the word "a' or "an" should be understood as not excl udi ng
plural of said elenents or steps, unless such exclusion is explicitly
stated. Furthelnore, references to "one enbodinent” are not intended to be
interpreted as excluding the existence of additional enbodinents that also

incorporate theeri tRehihe A i®he sBEIne @MBbJimdiH B8 &x Plgufds LBYng Batedhiso t he
contrary, enbodi nents "conprising” or "having' an el,@lr'?snt or. a_plurality of
el ement s méfvseﬁgefhelp%ﬂdfm%|camblﬁ%°g%wewfﬁa§n FehcPym &4 3 o7 wis e perfiepied rigident s

not havi ng.ithaf QBIQBﬁanXhe use of opeh At ¥&skn TR Sertkdtdd @H1d BREGIPrH HRRighFRENt

exanpl es to disclose the various enbodi ments of the invention, including
the best adweidszeariel usk S0 airasdens| & carmyarprie.sbn uekef the perfprater disig factng Priact i ce
the varioug,g moo%'gﬁr@é]f Ra f%4t R hOVEHQRy FRGMAL QnBBkd ioﬁ%ﬁﬂalﬂ%‘s RY tHRNY
devi ces or syste and perform ng any incorporated nethods. e patentable
scope of dpke celaféapuds. edisclipwem igofe 1 hdhd apearell struptgredudtthe epenbsellifhem dai ns,
and may incl I 0Se.,:5kd oo (TEI A
Suck o neous SenPhSE nE PR SBR diiPes RERInACEbBAENRAL AR ifloeoRkle

t he exanpigdé fhinge26stshavat ir dnt efiesnenfigue3a). dbe mgtosai difeercell fam 2hé dble er al

| anguage oi |t clains, or Wthe exanples i.nclude equi f

el eni ent Sa%\%?rla ﬁo?rf’?zsi‘dﬁ\éelsi gﬁ PR TR Pt e ré’i“éa‘?% 8%1&{ %ezl ﬁf%‘:&r‘gp"tﬁ“g‘%é’%ﬁ ﬂlgf t he
clains. dgeAhM iB thd perforited tigid flinamk26 goops saindgvaves. This earh@uinpgrel ay prgy
wal | s ext endi .between a front face and_.a back fac a ir. .channel fornmed
bet ween t%eﬂgﬁg‘i‘@?mﬁﬁ%r"@\lw ?aﬁur“g YOS afehfegﬁ‘aﬁ(?ﬁﬁetfl%isﬁbsé ng%l?eflglgl %?‘Pg]?aéndsai r
ow pat h foamdiiand smdtih fa0eg Betgtdiddhipigkht pardsrated rigid favidg | teri ng | ayer hel d
in the air channel of the housing, the filtering |ayer oriented between the

front and hack,Jages such (hatair fl ot Louoh. kg, fl LaLune.) MRl e ore

di scharging f n-attenuating layer 1nc i ng
opposed sfimdesimalchs, 22 el altred wathi sygnlcal doarpadi setuoetktly peifdvited trigel Gicmgctdannel

comron. di (et 50 250 B BERoRT Gl o Chu bboeat et g rare 14JEbdBn

att enuat i RGidneKEigEONE). gUIsEELId 8c abiee M hEerfAVE dmdsditnRets Snynedplprcopaatels
between the front_ and back faces, .the attenuating |ayer O{:li ented to extend
al ong t he“%ﬁi rfaopqgo%g ﬂ]opv@dpiFégﬂl_re 32 'with alternative securing structure such as perforated rigid

facing 26 with alternatively shaped openings, straps, netting, wire grids, or other securing

structure suitable to prevent the open cell foam 24 from being drawn inward.

[00109] The embodiments described herein include a method for making an air
handler using the perf-secured embodiment. The method includes the steps of providing an air
handler system with at least one air handler surface, providing open cell foam insulation
material, and providing securing structure through which said facing may be exposed. Then, the
at least one air handler surface is at least partially covered with the open cell foam insulation
material. Finally, the open cell foam insulation material is secured to the at least one air handler
surface so that the protruding open cell foam insulation material is exposed to sound waves

and/or airflow through the air handler.

[00110] Turning next to the third preferred embodiment shown in Figure 33 and 34, in

this uncoated embodiment combines the entire insulation board is replaced with uncoated open
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2. The filter bank of claim1, wherein the attenuating |ayer includes
multiple attenuating | ayers arranged. adjacent and spaced apart from one
;nmother, the air flow path. traveling between the nultiple attenuating

| ayers. 3. The filter bank of claiml , wherein the attenuating |ayer at
| east in. part defines the air flow path through the air channel, the

filteringeeliayah 2ur amey sbulg bk hertRilarly kevbRatoh usdy ¢l whivatthabfesdnceof fiberglagh t he
air | bw path passes through the filterin

_ g | r, 4. The filter nk of
claim1, Ve apnbe #EsfateRHRtF dgerdsyre efow‘ﬁﬁ@eém%%?@w %d@ta‘?ﬁggahﬂtgur ed
to absor bpstQuUAple, pharnldtutichl dodipalidfinvEf e & lnBinBRstible Wh @i &tdbid r@ed WhileFhd g
| ayer conprises a filtration nmedi um conpri si ngltat | east one of foam

pl eat ed papedeptabigdo Spraenyi fheraisaysthe ag hapler. f Ajteragtivg grbogdiments At thersecqiider ei n
the filternged A%&Idihs: SRURE Slcdafedtdpen Blif £RMBUI BGirdPYLherforatdd righld Bacirgl LT
bank of _g?rrf' 1, l\?%(i,\re(:nl n tﬂﬁe ff ter(#ng layer isS pcr_)si t}?%eﬁé)(rjati nrlé’s}l-ericesg W th

t he att eniF&uiandp)uageated open celtfeant 24 saspreg ami frame 89 diignre 34Mherein the nttern. g
| ayer is positioned in parallel with the attenuating layer. 9. The filter

bank of O ai midofiyf t heg,r&9s5 R fdviGart 3Pa nRihBADH0 R fridi il andhid BB MG 10ayer s,
each coupled to the fiTtering layer; and a second attenuating |ayer

posi ti onedt H& weken atrﬂeismsitiomd Mthig thg pig ﬁg,rat]imggmit.aj@p dan array is configured to
channel air through the air handling unit. At 904, a filter bank is positioned within the air
handling unit to filter the air flowing therethrough. The filter bank may be positioned upstream
and/or downstream from the fan array. Positioning the filter bank includes positioning at least
one filtering layer, at 906. At 908, at least one attenuating layer is positioned adjacent the
filtering layer. Optionally, the attenuating layer may abut the filtering layer. Additionally, the
attenuating layer may be coupled to the filtering layer. At 910, the filtering layers and

attenuating layers are arranged using at least one of the configurations shown in Figures 4-25.

[00112] The embodiments described herein are described with respect to an air
handling system. It should be noted that the embodiments described may be used within the air
handling unit and/or in the inlet or discharge plenum of the air handling system. The
embodiments may also be used upstream and/or downstream of the fan array within the air
handling unit.  Optionally, the described embodiments may be used in a clean room
environment. The embodiments may be positioned in the discharged plenum and/or the return
chase of the clean room. Optionally, the embodiments may be used in residential HVAC
systems. The embodiments may be used in the ducts of an HVAC system. Optionally, the
embodiments may be used with precision air control systems, DX and chilled-water air handlers,
data center cooling systems, process cooling systems, humidification systems, and factory
engineered unit controls. Optionally, the embodiments may be used with commercial and/or
residential ventilation products. The embodiments may be used in the hood and/or inlet of the
ventilation product. Optionally, the embodiment may be positioned downstream of the inlet in a

duct and/or at a discharge vent.
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10. The filter bank of Claiml1, wherein the attenuating | ayer extends at an
angle fromthe filtering layer. |.The filter bank of Claim| further
conprising a pair of attenuating layers formng the air flow path

t herebetwecti, the filtering layer positioned within the air flow path,

12. The filter bank of Cdaiml further conprising a pair of filtering

l'ayers foam ngodihe] aim isftb @wuRd@rfiood fhe: @k EWU@EécﬁgtlérﬁbéQﬁtemlté bonRErgtween
the pair of filtering layers. 13. The filter bank of Caim!] vvherel n an

end of t W&} fegFiting. (FRyeremple, fisibpeadeeibsd cahadipents fradior ta%’ﬁﬁféfheﬁﬁ |%8fer .

14. The fid tgd ilb@dmbiRioah Mhdh otMBenbauiddie mhhy BHiFR&dndYRY baRthdb RLadapt

pt
attenuating |layer are configured in a three-dinmensional array. 15. An air
handl i ng apdrticdarsipatiinmgy; material to the teachings of the various embodiments of the invention

without departing from their scope. While the dimensions and types of materials described
herein are intended to define the parameters of the various embodiments of the invention, the
embodiments are by no means limiting and are exemplary embodiments. Many other
embodiments will be apparent to those of skill in the art upon reviewing the above description.
The scope of the various embodiments of the invention should, therefore, be determined with
reference to the appended claims, along with the full scope of equivalents to which such claims
are entitled. In the appended claims, the terms "including" and "in which" are used as the plain-
English equivalents of the respective terms "comprising" and "wherein." Moreover, in the
following claims, the terms "first," "second," and "third," etc. are used merely as labels, and are
not intended to impose numerical requirements on their objects. Further, the limitations of the
following claims are not written in means-plus-function format and are not intended to be
interpreted based on 35 U.S.C. § 112, sixth paragraph, unless and until such claim limitations
expressly use the phrase “means for” followed by a statement of function void of further

structure.

[00114] As used herein, an element or step recited in the singular and proceeded with
the word "a" or "an" should be understood as not excluding plural of said elements or steps,
unless such exclusion is explicitly stated. Furthermore, references to "one embodiment" are not
intended to be interpreted as excluding the existence of additional embodiments that also
incorporate the recited features. Moreover, unless explicitly stated to the contrary, embodiments
"comprising" or "having" an element or a plurality of elements having a particular property may

include additional such elements not having that property.

[00115] This written description uses examples to disclose the various embodiments of
the invention, including the best mode, and also to enable any person skilled in the art to practice
the various embodiments of the invention, including making and using any devices or systems
and performing any incorporated methods. The patentable scope of the various embodiments of

the invention is defined by the claims, and may include other examples that occur to those skilled
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a fan for drawing an air flow path through the air hiit; and a filter bank
for filtering the air flow path, the filter bank conpri sing: a
housi ng having wal |l s extending between a front face and a back :face, an
air channel fornmed between the walls, wherein air flows along the air Row
path through the air channel fromthe front face to the back face;

a filteriinghd ayeSucheltdr banbhe ar intetdtans 6k wathinttheschbpist th@claitier fhis lek1jlexg

| ayer oriented between the front and back faces such that air flows_through
the filterVagiiayal cloaeyr dhadidechoardffsgTam dbf tie! paierageapigthe é[ﬁh‘“« or if the

an attenuahihpgs YRk dRGhufli A9 QPPRRARNS! Wieh WaktstntidiNBffatiRouahi Ng Ihayer
positioned wthin the air chainmel and spaced apart fromthe walls of the
housi ng slaedvagdiaf thgickaifis.onws in a common direction along both sides of the
opposed side walls, the attenuating | ayer configured to attenuate sound as
t he sound propagates between the front and back faces, the attenuating

| ayer oriented to extend along the air flow direction. 16. The air
handling unit of Claim15, wherein e filteri tx layer is coupled to the
attenuating | ayer. 17. The air handling unit of Caim1l5 wherein the
filtering layer and the attenuating | ayer are positioned upstreamfromthe
fan. 18. The air handling unit of Clai, herein the filtering |ayer and the
attenuating | ayer define



the air flow path. 19The air handling unit of C aim15, wherein the
attenuating layer includes nultiple attenuating |ayers arranged adj acent
and spaced apart from one another, the air flow path traveling between the
mul tiple attenuating layers. 20. The air handling unit of C aim 15,
wherein the attenuating |ayer at least in part defines the air flow path,
the filtering layer traversing the air flow path such that air flow through
the air flow path passes through the filtering layer. 21. The air handling
unit of Cl aim 15.wherein the attenuati GgAIMSer conprises a porous nmedi um
configured to absorb sound. The air handling unit of C aim 15,
wher ei n t hel.fi | Adiliengnk.ayeprissgnhpri ses a filtrati on medi um conpri sing at
| east one of foam pleated paper, and spun fiberglass. A method of
filtering and att enudlousing ravingmalli exéending betweriadronefaeronid e baghripasi agpir channel
posi ti oni ng a hé@usédigthauitiegwalla) Wisrax bie fidwngrdoeti the @i chanhelgiing faa e flanwdath
back face withi pohlie faint fabxoeeibagk i t, the wal | s defining an air channel
through at least a portion of the air handling unit, wherein air flows
along an air fl ow pat fitckingmythieeld mothe afrabsnntiooft the hinanml, thadd@pring layer oriented
between the front and back faces such that air flows through the filtering layer before
discharging from the back face; and

an attenuating layer including opposed side walls, the attenuating layer positioned
within the air channel and spaced apart from the walls of the housing such that air flows in a
common direction along both sides of the opposed side walls, the attenuating layer configured
to attenuate sound as the sound propagates between the front and back faces, the attenuating
layer oriented to extend along the air flow direction.

2. The filter bank of claim 1, wherein the attenuating layer includes multiple attenuating layers
arranged adjacent and spaced apart from one another, the air flow path traveling between the multiple
attenuating layers.

3. The filter bank of claim 1, wherein the attenuating layer at least in part defines the air flow
path through the air channel, the filtering layer traversing the air flow path such that air flow through
the air flow path passes through the filtering layer.

4. The filter bank of claim 1, wherein the attenuating layer comprises a porous medium
configured to absorb sound.

5. The filter bank of claim 1, wherein the filtering layer comprises a filtration medium
comprising at least one of foam, pleated paper, and spun fiberglass.

6. The filter bank of Claim 1, wherein the filtering layer is coupled to the attenuating layer.

7. The filter bank of Claim 1, wherein the filtering layer is positioned in series with the
attenuating layer.

8. The filter bank of Claim 1, wherein the filtering layer is positioned in parallel with the
attenuating layer.

9. The filter bank of Claim 1 further comprising:
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coupling a filtering layer within the air channel of the housing, the
filtering | ayer oriented between the front and back faces such that air
flows through the altering | ayer before discharging fromthe back face; and
positioning an attenuating | ayer having opposed side walls within the air
channel and spaced apart fromthe walls of the housing such that air flows
in a common direction along both sides of the opposed side walls, the
attenuating | ayer configured to attenuate sound as the sound propagates
bet ween the front andgabathrsfatessting lmersatack myalted mgh¢ Besing byéreamded t o ext end
along the air flow direction. 24. The nmethod of O aim 23 further conprising
coupling the filteriasgeondyteanuatiog tayer pasitiend bativery theappis of firs@ptemptng 1Tyees. met hod
of Claim23 11-0;nprising positioning the filter'and the attenuati |ayer to
formthe ail0. f| be {per bank opElainThevhawsinibehtiefuatinglayar ogendp ptan angle Gomp thediltagne
posi tioni ndagehe filtering | ayer and the attenuating |layer |la
t hree-di nensional array. 27. The nmethod of Claim23 further conprising
posi ti oni ngllt he The [fifter banky of &leén 1afdher hemprisingraupein ofgpttbragiéns leyers fogming 2. aThe
net hod of Gloai pithi2Berétstviche thecfoteping 18yen gospiosed widi thgait fiew path.t eri ng | ayer and
the attenuating layer in parallel. 29. The nethod of Caim 23 further
conpri si ng 1&rr afty fileer vakt of fll@malt fueharabinprpidgaayrirsof didlpargelatersafodnisp the ed fapar t
from one anatih@e attentidtig Biyér positotiep Béthedniimvalrionfiitdsiat ween the nultiple
attenuating | ayers.

13.  The filter bank of Claim 1, wherein an end of the filtering layer is coupled to an end of the

attenuating layer.

14.  The filter bank of Claim 1, wherein the filtering layer and the attenuating layer are configured
in a three-dimensional array.

15. An air handling unit comprising:
a fan for drawing an air flow path through the air handling unit; and
a filter bank for filtering the air flow path, the filter bank comprising:

a housing having walls extending between a front face and a back face, an air channel
formed between the walls, wherein air flows along the air flow path through the air channel from the
front face to the back face;

a filtering layer held in the air channel of the housing, the filtering layer oriented
between the front and back faces such that air flows through the filtering layer before discharging
from the back face; and

an attenuating layer including opposed side walls, the attenuating layer positioned
within the air channel and spaced apart from the walls of the housing such that air flows in a
common direction along both sides of the opposed side walls, the attenuating layer configured to
attenuate sound as the sound propagates between the front and back faces, the attenuating layer
oriented to extend along the air flow direction.

16. The air handling unit of Claim 15, wherein the filtering layer is coupled to the attenuating
layer.
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30. The nethod of Caim 23 further conprising positioning the attenuating
|layer to at least in part define the air flow path through the air channel,
the filtering |layer traversing the air flow path such that air flow through
the air flow path passes through the filtering layer. 31. The nethod of
Claim23 further conprising formng the attenuating |ayer froma porous

medi um configured to absorb sound. 32. The nethod of Caim23 further
conprising formng the filtering layer froma filtration medi um conpri sing
at | east oné. of ThoamhaplieatwdofpGpier 15, shetcisphmfikdripg taytramg the d@8nuafltpelaydr latcer
bank of C goktidned Wh&teh Roh iR fad t enuating | ayer is |ocated at an
internediate position within the air channel and positioned spaced apart
fromthe walgl s. Thd4ir hahldEngfinitto€ Clabank whkreichhdfilierihg fapr tahiethe etenpating lapgdefine

mul tiple fichdLradgpkiayers; and an attenuating | ayer posu.ioned between each
adjacent filtering . 35. The filter bank of Cdaim1l1, wherein an
attenuatingol aveme far indaig heiast @i of, Wieeivahd Sattendfing Ther adcudsandltipg
unit of O il NS a@r_‘aﬂiﬁ_ﬁiu@ja%& SRUBLded dpdridY S ohcSanb@ERHRGirdlowdghth traveling

i ntermedi atg ROSHKE kQRipMatelh -r%h%egi r channel and positioned spaced apart
fromthe vvalfs, 37. The air han ltng unit of Caim?115 further conprising 33

20.  The air handling unit of Claim 15, wherein the attenuating layer at least in part defines the air
flow path, the filtering layer traversing the air flow path such that air flow through the air flow path
passes through the filtering layer.

21. The air handling unit of Claim 15, wherein the attenuating layer comprises a porous medium
configured to absorb sound.

22. The air handling unit of Claim 15, wherein the filtering layer comprises a filtration medium
comprising at least one of foam, pleated paper, and spun fiberglass.

23. A method of filtering and attenuating sound within an air handling unit, said method
comprising:

positioning a housing having walls extending between a front face and a back face
within the air handling unit, the walls defining an air channel through at least a portion of the
air handling unit, wherein air flows along an air flow path from the front face to the back
face;

coupling a filtering layer within the air channel of the housing, the filtering layer
oriented between the front and back faces such that air flows through the filtering layer before
discharging from the back face; and

positioning an attenuating layer having opposed side walls within the air channel and
spaced apart from the walls of the housing such that air flows in a common direction along
both sides of the opposed side walls, the attenuating layer configured to attenuate sound as
the sound propagates between the front and back faces, the attenuating layer oriented to
extend along the air flow direction.

24.  The method of Claim 23 further comprising coupling the filtering layer to the attenuating
layer.
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26.  The method of Claim 23 further comprising positioning the filtering layer and the attenuating
layer in a three-dimensional array.

27. The method of Claim 23 further comprising positioning the filtering layer and the attenuating
layer in series.

28.  The method of Claim 23 further comprising positioning the filtering layer and the attenuating
layer in parallel.

29.  The method of Claim 23 further comprising arranging multiple attenuating layers adjacent
and spaced apart from one another , the air flow path traveling between the multiple attenuating
layers.

30.  The method of Claim 23 further comprising positioning the attenuating layer to at least in
part define the air flow path through the air channel, the filtering layer traversing the air flow path
such that air flow through the air flow path passes through the filtering layer.

31.  The method of Claim 23 further comprising forming the attenuating layer from a porous
medium configured to absorb sound.

32. The method of Claim 23 further comprising forming the filtering layer from a filtration
medium comprising at least one of foam, pleated paper, and spun fiberglass.

33.  The filter bank of Claim 1, wherein the attenuating layer is located at an intermediate position
within the air channel and positioned spaced apart from the walls.

34.  The filter bank of Claim 1 further comprising:
multiple filtering layers; and
an attenuating layer positioned between each adjacent filtering layer.
35.  The filter bank of Claim 1, wherein an attenuating layer forms at least one of the walls.

36.  The air handling unit of Claim 15, wherein the attenuating layer is located at an intermediate
position within the air channel and positioned spaced apart from the walls.

37.  The air handling unit of Claim 15 further comprising:
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multiple filtering layers; and
an attenuating layer positioned between each adjacent filtering layer.

38.  The air handling unit of Claim 15, wherein an attenuating layer forms at least one of the
walls.

39. The method of Claim 23 further comprising positioning the attenuating layer at an
intermediate position within the air channel and spaced apart from the walls.

40.  The method of Claim 23 further comprising:
coupling multiple filtering layers within the housing; and
positioning an attenuating layer between each adjacent filtering layer.

41.  The method of Claim 23 further comprising forming at least one of the walls with an
attenuating layer.
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