METHODS AND SYSTEMS FOR | NTEGRATI NG SOUND ATTENUATI ON | NTO A FI LTER BANK
BACKGROUND OF THE | NVENTI ON [ 0001] Enbodi nents relate to air handling units
and, nore particularly, to nethods and systens for air filtering and sound
attenuating in an air handling unit. [0002] Air-handling systens (al so
referred to as an "air handler"”) have traditionally been used to condition
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ai r-handl i ng system may ce¥ilENAIGADINGRtA FEIER BANKool i ng coils, heating
coils, filters, hunmidifiers, fans, sound attenuators, controls, and other

devi ces fRBACKGBAUMND OB THE INENTIQNet a specified air capacity which may
represent all or onl ortion of a total air hgndling regyirenent of the
structure. Thg%gﬁ -hﬁﬁ@?&ﬁ@mé ¥e R HR)eY mﬁﬂﬁﬁﬁﬁ@tUP@H%FH”@H¥éBPEF 4% nd
brought t@dbeenstfbtd flfefing nddBuidiSiealatiQin@h air haktidig Gitbui [t on site using
the appropriate devices to neet the specified air capacity. The

ai r-handl i ng rt t of the airshandli system,i ngl udes pone.or.. nore

fan inl et con@gggﬁang%%??@ﬂgﬁﬁsgnﬁé'8ﬁ§§6%p%ﬁ%ﬁﬂn?“+ﬁgﬁrﬁﬂmﬂ%ﬁ?gu?%%XUde an

i nl et corteen aselian,cosdifitot tuildingaer ooy herainalftanyfeapp tr betsamaeresss he atred Wit h
contral settli,ng. mean

the function. of the fan (e.q. danpers, , Aand
hsoci at dtiving: weteRy v bdh | RRRBEE Aot Fedineg fele A SR 88
sound at themidifias, fhankandhecpants) caiel, afuisétha aleviceésofimétioaing am at [Bive nfekt 4 er
bank is generall.,y spaced . agart fromthe sound attenuatar t ha .
mai nt enanBESnaih SISERY GFEH e JRTRICT A EHED Pr PRERUICE. S re pading et ween
the filtgequramkntafdheSatbtirat TeNaAhmAlingSLsRASASy bé tantfacued i Béacsiry aldhind| er
and may cause an unwant ed, pressure .drop therein, [0004] There remains a need
For B romEoueBy i drerupriteds OB SEIGH ISR il G i IedSHRPRRAE EOHCE Rt
reduces tnRt HeessRbified AlrOfapddifyNiThe taiehandiingheotpatinent 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




SUMVARY OF THE | NVENTI ON [ 0005] I n one enbodiment, 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 fromthe front face to the back
face. Afilter layer is held in the housing. The filter layer is oriented
between the front and back faces such that air flows through the filter
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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.



[0008]Figure 1 is a schematic view of an air handling unit in accordance
with an enbodinent. [0009]Figure 2 is an air processing systemthat 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 enbodi nent of a filter/sound attenuation bank forned
i n accor dance[Wilgh aRigerisdsla sdatiew of 0@ sPurgattenuBtionsbaak Sirvhed injagqprdahce
filter/sound at eg%gnion bank formed in accordance with an enbodi nment
[0013] Fi gUFE"S °8¥a Y de view of a filter/sound attenuation bank formed in
accor dance

[0013]  Figure 6 is a side view of a filter/sound attenuation bank formed in accordance

with an embodiment.

[0014]  Figure 7 is a perspective view of a filter/sound attenuation bank housing

formed in accordance 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.



wi th an enbodi nent. [0014]Figure 7 is a perspective view of a filter/sound
attenuati on bank housing fornmed in accordance with an enbodi nent.
[0015]Figure 8 is a top view of a filter/sound attenuation bank formed in
accordance with an enbodi nent. [0016] Figure 9 is a top view of a
filter/sound attenuation bank fornmed in accordance wth an enbodi nent.
[0017] Fi gure X00d43 aFigaps 17 e Diop view berd Sitemsdudlt besnuationobankafokmédoimed i n
accordance with an enbodi pent. [0018]Figure 11 is a top view of a
filter/sotfiefdaice ¥ 4R PBYPIREE forned in accordance with an enbodi ment.

[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.



[0019]Figure 12 is a top view of a filter/sound attenuation bank formed in
accordance with an enbodi nent. [0020] Figure 13 is a perspective view of a
filter/sound attenuation bank housing formed in accordance with an

enbodi ment. [0021] Figure 14 is a side view of a filter/sound attenuation
bank formed in accordance with an enbodiment. [0022] Figure 15 is a side
view of a fil [0eB4]souRigurat ésaisidd view bankinfubatioe Hoard vatb eperoeeH deannfacingain
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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 celi foam facing formed
between the openings in the perforated rigid facing and sound waves being absorbed by the

protruding open cell foam facing.

[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 multipie 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.




[0024] Figure 17 is a top view of a filter/sound attenuati on bank forned in
accordance with an enbodi nent. [0025]Figure 18 is a perspective view of a
filter/sound attenuation bank formed in accordance with an enbodi nent.
[0026] Figure 19 is a top view of a filter/sound attenuati on bank forned in
accordance wth an enbodi nent. [0027]Figure 20 is a perspective view of a
filter/sound gddenuaFigore balldstrites awediri handimgouniian@e \Whe hiramndlivigodiimeoit .
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filter/ souid oatid @nfigirédo doadikorhasiBéwigg through a room 106. The room 106 includes an

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. Addition 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



formed in accordance with an enbodi nent. [0030]Figure 23 is a perspective
view of a filter/sound attenuation bath formed in accordance with an
enbodi ment. [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 danper
formed in accordance with an enbodiment. [0033]Figure 26 is a
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W th an erhodactiefah 226 and the correspondmg motor 228 form one of the individual fan units 232

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-paralle! 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



[0035] Figure 28 is a side view of air flow ng between insulation boards
with an open cell foamfacing in accordance with an enbodinent, the
i nsul ation boards and open cell foamfacing secured by perforated rigid
facing. [0036] Figure 29 is a side view of an insulation board with open
cell foamfacings in accordance with an embodi ment, the fiberglass therein
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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 coupléd 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 30] 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
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[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 facing and a
bottom section with |ayered 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 franme. [0042]Figure 35 is a flowhart illustrating a
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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




[ 0045] During operation, air flows fromthe air handling unit 100 through
the inlet plenum 108. The air is discharged fromthe vent 112 into the room
106 and circul ates there through. During circulation throughout the room
106, at | east sonme 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 it D5 QuPRaARE §insdde- to THRiRtIon 0B aif B6WNU14. | THRGEemAtiidIRyRd T00AanG! | ng
unit 100 and recirculated to the rogam 106 through inlet plenum 108.
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the gool E:Hzgmél@ ilbzzseeg Fdrﬁg% Byl ddjdcentlattbivating lhﬁrﬁil;etwee'ﬁhlbe gaﬂtahd)gaz:k Eops R0
reordered or renoved. Addition sections na i ncl uded, T ir
handl i ng a8&&8120dhoig chagnely, e W??%P@fedphe@%ﬁﬁﬁ'ﬁfge tbo"gaﬁss{c)qﬁékﬁcgg%%enum
220 that ya5e1603REHR RRlsihg 20010 BptidRly@E atidhuatidaubyeherds waly re@@bntiheddr f or ms
part of a frame 224. Fan inlet cones 222 ﬁﬂ&!ﬁ IB% trgidélFroxi mat ot he

bul khead vafisthafrare sai-pergeablosyl fgrm pjgoeriap clapnel, 1f @a uter ain cgeets Higg £ an
inlet cones 222 may be nounted to the bul khead wall 225. Alternatively, the
frame 224 may[ossiporEach figerf layer il 002aikkteaduteward 21 framt andshaslpnebel® 10 awhitlilan

proxi mat e_t or separated from the bul khead wal |
nmount ed tlge ghf:r\}gy % HE& 8 %’ﬁn‘F%Hﬁ T\W"aﬁﬁfhaﬁ?ﬂaﬁﬁiﬁ%ﬁﬁ i 2@2‘? gfgrﬁ% ég%ﬁlgﬁn tors
are noUNYRer W04 M bNEAINT16100 6K sdjicent Aemiatiagyd 24004 E@phiorfaliy, tBQ éndarif34 ¢fe

correspondi ng potor 228 form one of t i ndi vi | fan_ units 23 t may

be. hel & e Aapiavest 1002 armsatest 045 Somdlanpieps (Dot Rtk B4R 1008 | 7

stacked 4ROBRNOIARREEELE chuplify MEdhdiibm 1088 {henalublys thetilterigy lafesved02ahalieber s
ers 230 may

230 may be provided in each cqglum. One or_ 0D colums o ha

be provi dderuatinsdeveritlOBheTharorplie mefhagisy ﬁa? @cg'l%‘?s ‘?’r‘éﬂgﬁm@g?@cﬁfl {jrgrhm%r&

[ 0048] Fi gigfg 1839. | ThéShi@i®2 ofitHeTikeNhEMyddé 1000@ngge oh@oftthe bgeseaipsan32O8 shown
in Figure 1. The air handling section 208 incluydes @@%Estr am en? 234 and

a downst ffé@mﬂéhﬁg@é@?rf@&nsThZ%BdSaWé6 gbir eitgHapedaehd et P 518 Rum 218

and the ghaahaaenRliePMTheARe. Odforall},8he SuBIMETEhSnibm 1085Shaealointn ehie f ans
226. Theqd?fstchar gél pl gnum 228 Pg dovv%wstreagj of the fa ilter bank

! fans 226, A.f
238 is pdQleafafisd aenvating layss d PR4and @ piddis aogpn { R0 ofjap afasegt 3 B8 tF'8n 208.

The filtepodgRkm2aQidistgliMdesea plurality of filters 240 positioned adjacent
one anot her |8n a row.@%lle fi?ters 240 extend within a filter bank housing

241. The filters are positioned to forman_air tight interface between each
filter 240. TREH; | tFégtge 3492 Hﬁ?es%"%‘?"ﬁﬁga ﬁ&%ﬁ?‘ﬁ‘lﬁ'gﬁ#ﬂe“‘ﬁf‘g’é[’aé%%ﬁﬁ%%% )flﬁs pun
fi ber gl aggyingAutlr Wall 885, 9 1dpaNalish [ABkSofténh Wall 35 ThedilemMoulhatidtitioebak240 ar e
configured to renove inpurities fromthe air flqw n hr.ough air
handl i ngheustigi3§hcqns 5[%9‘}%‘1 gitenuatiqnianl 50 aﬂﬁgo‘ﬁi ?‘é&%@fﬁ"’g‘ﬂl %23‘5%"242 are
posi ti ongd HeVOSEd SamidtioR enk 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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the filters 240. The sound attenuation panels 242 are positioned in a row
wi th channel s 244 extendi ng therebetween. The sound attenuation panels 242
may have a shape that exhibits a | ow pressure drop thereacross.
Additionally, the sound attenuation panels 242 may be perforated or solid.
Addi tional details regarding the sound attenuation panels 242 are descri bed
in nore dgfkal 452RehMMorht Rall€STEGES tdfolth @bl hBGgh? Sntérface | m)phbl&ll?mmltamg

enbodi nent’, the sound attenyation pa et@a% 2.are arrggg F\Q—af‘ l.lel to the
filters 286 Parewplalg (e cappliingframestori eiRg jagepd %%‘8& %5 the
filters 24fg ﬂ{é@alﬁ@ﬂalﬁh% DrkiBMNL thO Nl RE BlySrs 342 ardBitadped Brd rﬁiﬂq%ikaﬂ wwnon- | i near
and/ or non-parallel configurati ons FOOSO] Figures 4-25 il ust rate various

enbodi nents o | t banks .23 e used.w
section 208 OEOO%% anthefEFUHDg a@ﬁf ?‘%@1‘%@%”‘?%@%&? %ijj%’gn%b]%?m ag?rs g%?ﬁlgl}e t he
filter b&ﬂkrﬁlatl’@aa)@f's 358 enay &k coiptedanitedbnpting §ame$s hisltor bie hotisihg &Sedo Wirthh a
ceiling unit aankEp wtalehetln

a

c0o0 | ation
system TRAIHS i tt’?ﬁfl %Bat’ﬁ'g Fh S%ﬁ%ﬁ’%h %@5%0 iﬁed SIS m £ r om
the fans 322&) forkingn eflm@htﬁﬁteﬂfﬁﬁk Thé itmhumiﬁg Balyerls easéxtand aulistantialyi peg)ehchgulmlyand at

| east one nuatl n y or imed a d' acent to
the fi] té?? F%%'?Y %ﬁ?g ﬁﬂt‘g@% ﬁﬂ‘g aé@’iiég“ a’agﬁﬁﬁ‘[fa‘kgﬁ‘il "n t he
ai r handl ﬂﬁfe&ﬂﬁiﬂ oRNEAR theam@rigX hiy &k 858 Aﬁﬂbvplisecﬁfwre& tigtoagh thdnﬁit&mgﬂms | t
shoul d be not ed tha the filter b nﬁg $ {}ustrated

0.5 ; Ppuop B’aﬁ

handl i ng 382 & it libersound,ptfegpptiop ypan aﬁ%‘%‘a%{aﬁeég ggginﬁyoned in

the i nl eteppdserl iiikribd SaBtE4tQFe Jehepaittehind ardlatiow Birfldthefetlirtighai r  handl i ng uni t
100. [O0051]Figure 4 is a perspectlve VI ew of a filter/sound attenuation

bank h h he.. filt / t bank
nousi ng. 301 R neieite RGeS i Y oh BRTGe R et SRR R e LY P
di recti ofiltering lhgkbrmg hSZ fre afra:hgee i $eunde phhe nﬁ]mtdneﬂlty Wizl teBiBQ layérs 362 ptei ng

frame 305 extends the out er er/ oun tt enuation
bank 3008TS e Botelts SO HoHH SR gRae Addtioanr Py Mieae PPERes? ik

at t enuat h@shgbd ik 2 3&cdvs, Comel, eﬁldﬁoﬁ ciived configutarign.f r”ﬂmeﬁlﬁ@’n‘ag lérghaes BSZ aer / sound
attenuation bank 300 incl desa u lit of filterin rs da

pl ural it §ree f‘%tgﬁﬁl&tqﬂﬁﬁém%“ %‘Xﬁ?‘{’( ‘fréib'i‘tr?é‘e ‘818 5?“%1}?83 ﬁ

at t enuat Fikar/toaiE htendiidn ANk B memaésed Idagt dnldgow @ Hilterivgy Iayamszsﬂﬁngmmor t he
housing 301. The filtering |ayers 302 extend between adjacent attenuating

| ayers 39ga11e]-ﬁlgllqraﬁng}6,s§bq}ﬁ@néﬁ Tenuati on bank 300 includes a top end 306

and a bottomend 308. In the exenplary enbodi nent, the top end 306 and the
bot t om end 30@os1ncl Uﬂﬂaﬂerfuhﬂlﬁgelaj(dﬂg3SweposﬁﬂﬁedMllebtotmdsothmt Wptonatly,

attenuating | ayer 304 t he housing 301 tional nuating |ayer
Son Ty 18 SepnHa s 0k Py B POTEP D ACTElys Shone S 1BEp bRl MR
at t enuat 3 9Nexnt lkub3RRtidlly pe@umilﬁﬂh:taﬂdfbm ah anjgé with aﬁﬂecamiheﬂltcﬁmg pdyengst.r ame

305 to forman ai.r tight terface fllteri r d

at t enuat F#§ atigupating 1 33?@ E)ﬂ}‘}ll'é’ﬁ?t‘f”bg& ?l[let}‘ f@er]ﬂ%‘; é‘ﬁ 3}?‘ %/Ol'gﬂf faﬁ?rerface.
Al rflow fage 3"“5‘“}?“%%5 IaWrGthThel,hflﬁ:dﬁild ﬁﬁﬁfdnBQZ bbgke sn@laamrgﬂa}teheszlf dxtendy ihaound
attenuati on ban tionally, the atten ers resent
i nt er i or PkARA hekween the e&ﬁiggéﬁlth%gleﬁgab‘%“galﬁﬁr g?‘% f?ﬂﬁ/%di“fafgﬁnbw h %

[ 0052] Fi g1y Baypbd Puiled] he, poirRd, @bnvaH) BRAOS aHEBH ndihfun‘ifbﬂnl irbuingéd. SR is
attenuati on bank 300. The housing 301 includes planar front _and back faces

310 and $uepted thipughrthfiltering pgesd e?@é?o\‘}&‘bthﬁﬁﬂe‘ﬁ@‘?“ga]ﬂéerbéﬁ o?%ﬂoé‘ﬁll& €al | ow
air to f &%&ﬁgﬁa@%ﬂa@@w%yl Rprelift thidrRE Walynaff ar@@érﬁﬂ\ﬁerﬁ%le Flacaiohtegat i on

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

| ayers 3tbaretraughri ented 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
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312. The filtering layers 302 and the attenuating |ayers 304 are stacked in
an interlaced manner transverse to the direction of air flow 314. The
attenuating | ayers 304 nay be arranged parallel to each other and
substantially parallel to the direction of air flow 314. Optionally, the
attenuating | ayers 304 may be positioned at a common or different acute

angl es to one 6(525@] he@igﬁn‘&‘b ﬁlﬂst?a@é&taetoﬁﬁ%!“eoﬁ@ﬁttéi,@.ouﬁidrattfeh&ﬂb@&&k 118053}iEach
attenuating | ayer” 30471 ncl udes tt(3pgosed ends 31_6,bpkanar f ac 318 and
Hh ELY

ite e
a i ddl e Bor e diesncS bitotel thhBRefeI ARk dd S0 1 Bagy flissigs, layer
at t enuat i Yg, hay£air3P nddBYs08id pRIMRAEEs QM6 LRRYEN g tHoRbERBE. | The filtbengllaglss 316 of

the attenuating Tayers 304 may be flat, pointed, .concave, and/or

non- uni f oarer1 52 aye adenged injthe sampnplanes Qptionglye the JilisHes Weré&}%’c@'ﬁlar%‘lgf?%ﬁhat ing
layers t Oét’x\%feg whth ?esé%:?@ton@%tﬁ@(: lﬁdﬁﬁ@l@ﬁlyﬁ%@ ﬁﬁgﬂlﬁ:ﬂﬁm 1182 nia Ibt @frarigdy Bra 302 is

oriented traver or air flow t_hrough t h il'ter/sound attenuatjon bank
300. The eeineavetranvesl apd/gpourgdeonfigisatione Thefitesas e 1 17ere pragedia B Hayer s

304 and oyheyyesald p%siﬁﬁ%d Q{ljaéehﬁo:la%éthélg O%Qénani[gﬁ‘e fﬂ%efriggl %@Eﬂs o051 Ay SEmg@04 May

represent Interior walls that are sem -perneable and.forman inner ajr
channel 3@4haiithe aads BI62 abyt cathoethes|as 2 aptional 166 19 Be ap pirtelty intertase aF 18 € annel s

322, 324 1%%5&&%2 8?31[1?% q‘{n’v ep ﬁf?%rienég}la er Tﬂ%zaidpti&ﬁﬂﬁnﬁ{e?/ sotd afbthatietdbanR Y esoM dt hs

326, 328 at may qual to one another or differ in width. The
ai r chanmedsingade maiale mewseolfiltesinedayersddé? prapaed Baweitlelpagior 4t pagles 50 9hfar

front angl1 Bﬁ&k faces 310 and 312. Optionally, the front and/or back faces
310 and 3T nay be contoured to be non-planar such that the | ength 332 may

be different within an individual channel 322, 324 or lﬁet ween di ff&rent
channel s 322, [983] [ Bl sptemeting ilpyesy 1139 etre 2pitioned atallelodar 0% B ont and

back facq§,3ii2Me AefuariffGaylels 184 hay 86 pdQBored R'dnglé sl oho absthorer She
di agonal Iq?tf rony?an end a?fl% e(l)));e sa fi rs'?jyat tpgnuati ng | ayer.. 304 %ﬂgergn“sﬁd 316
f e

of an adjatiemntingtlayersuat¥ingxterd, epbsgarallyopeeniulay 1ot | Slternes
filter | %an?foﬁal@%e Qﬁéﬁuﬂ?ﬁ%qm& HS@gnéagreQﬁhMt%hl@s RN tdsPads 10380 fibridgRyers
g

attenuati ayers 304. The ends 1 may enga?e and adjoin an end 316 of a
first attidhaEachgitnugting l3ee Lidabuts giwngtien 1P of ba lierdaysr ends 146 todarm an

tt ti 04y ; iq f
1 Ty R0 414 g o

an air ti interfa the ends e portions 320 of the
at t enuat ifikgr lagrelil§2. 304k atfen@EBY Rivera ldSompysalsp by epuplpd éthgfungtien | k08apd/gling

attenuati ?a;ﬁalbi%&klI%QQtﬂizinyl%oﬂﬁlﬁnﬁﬁUﬂ don layers 1004 extend at |east

parti all)}7 romor to el ther or “both of the front and back faces 1010 and
1012. The filtering |ayers 1002 and the attenuating |ayer 101?@ are stacked
in an interl 968 naFsrhetienuatinglayes d134gn¢lvdes appipek sngh 1 bP aaf p MYGGPAIBAY. The

attenuat ijpg, l«a@éﬁ'ti% OOk IRY 06 R %;%g%}%é kfbsuBh&| @b nfidieporiof QT RasC

di fferent ang one anot her. | ach attenuating | ayer 11)004 i gcl udes
opposed avidis 119hthat is‘ﬂrgqﬁqﬁhagith@wngbbl§3 of the ends 1170. The ends 1170 may be rounded,

flat, pointed, convex, concave, and/or non-uniformly rounded. Airflow is directed through the
filtering layers 1152 and around the attenuating layers 1154. Optionally, the attenuating layers

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 1232 are
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1018 and a m ddle portion 1020 extendi ng therebetween. The ends 1016 of
each attenuating | ayer 1004 nmay be rounded, flat, pointed, convex, concave,
and/ or non-uni formy rounded. The m ddle portion 1020 has a width 1030 t hat
is greater than a width 1032 of the ends 1016. Air channels 1022 are forned
by adj acent attenuating | ayers between the front and back faces 1010 and
1012, They@hgedBana eheSend D 2i52akEpatitined adjfdetthntie! weeond hiertlat henxaanncm | ayers

1004 and outer_walls 1003 of th 100 ti ona ation
| ayers 10680 ndijiteapnd sHemuatin 'é'ﬁ“ﬁolg%:é‘ml‘gief ﬁtaeéasécﬁ © §8hi™ 5&%%@?’%” afid form
an inner RiahoQh@pialel R acingleOstone adtierchannel s 1022. [0057] Each filter

| ayer 1002 extends toward the front and back faces 1010 and 1012. The

filter layer rlented otr e dia onI r 6 of a
first att enuaﬁ)%él I aS/T G BRI SYER g %’fé‘{m? %é glgg%&%[ﬁg%ug%%ng
| ayer 10Q#hch Qednugingllhper ushanmuésarﬁﬁzhuafuanmnémuet é274l anier sear@GRenmgtinge xt end

to or from d i ons 20 of , t at | nds
1034 engdy&etg’ %f?pﬁﬁﬁbfsh"é?ﬂ PERCTRY: gﬁg ‘? %QH %%n tllzlélée(gﬁ?%ﬁrl ng ‘{kg’ilfgr s
1002 to tire2 aid/enteplang ficayessoflDfitter 1dyee leimpl"her‘sgcamé(ahmasng heBerilded udes

outer cla s 1037 and_an jinner clanp.1039.. T \J4ering
| ayers 1 ds7) 2 angh fromthe y5eeng GF@F})ET%W'B‘Ebeigglft 0 (%tg%atér? rzlil%llraﬁerg Hﬁ
i nterfacgz7d e agslesoldd 1Selhindtb e liné bedigtabetmgerd a@l}aeent hﬁ)ﬁlﬁatﬁlgg&gﬁ 125& Thner

clanp 1039 to forman airti i nt i QN

mechani sPEOIEWE e df t?ﬂ“ﬁt“’&gneé’??drs @’féa@f%é’%’tb g’f Sﬁ?‘gé?\ruegf?h gt?e%ﬁ%{né %004 and
a mt ddlh? mdttt l fOﬂao]an%p 8:855 éa.agle art] e%ﬁi;ml:teﬁtaﬁ@d@bn m?sm amgrvait;OOéDptmfnflllbm rthean .
airtig i nterface ure 7 i.s. a perspective.view er/ soun
at t enuat it/ apuA% a‘FRS‘H%*WHé’@“SﬁHé%W&%Qﬁ"éB “F“Ieéim%“g%tmgaa’feéggsﬁhfﬂ ?%Egdé and a
bot t om WalelpekB&ilar kB qhd ﬁﬂtérﬁgll@étbnﬂzsat tmtemnngm@krs hass ing 1354 acmiformi ns a
filter/sound attenuation bat

n t he ectio t hr ough
the filtevigleodar widths kehyary OB&HE’ lg‘%h Og&lhﬁd‘éﬂ?ql??&’%%h% %%e”gﬁ%giods 4l ong
the out erber‘@L'lddéd 368 poiht8, donbdxe Bt endibi nuwatforaily hahded3Sirflev aliptted t o
t he housing 3 Optionally the filter/sound att uatflzg% b@th 3

ua

0,js
coupl ed tthfotlgfeﬂ@oﬁ}ﬁm&daﬁﬁai?ézﬁ’ﬂ arqund the) attepualing, (fyest PR arfb 350
i ncl udes rﬂllailﬁg”‘ia&éré' 186 ddyl lbfbicRinterbeoallsdha 26 shnA pBimbaBlk iahy albdw aiiflenuat i ng
| ayers 354 The ltering |l ayers 352 extend between the top wall 356 and
t he bottélitﬁr%bﬂoug@% The filtering |ayers 352 couple to the walls 356, 358
to forman airtight interface. Optionally, the filtering |ayers 352 couple
to the coupli ey anpigaedSi1 e tbphh@xrldfga Ifidyiesotind3 dfenastidonabankntfsd. i Mha r ow

al ong the sane plane. Qptional] the filterjn ers.352 ar rr ed in
a nog pl aﬁﬁwaﬁl‘tﬁ?\fﬂe{“b@@}séf fhas 3tﬂ£“5116'é?‘1“?fﬁlgl Q?‘Eé’eégléggy dingy2 tb%‘lg%egﬁ atg‘fqacent
filteringedogy Qtrte?lug’nﬁ% meHB@r ?St'TB eWﬂéiﬁdﬂgatingh%ﬁ)eﬁ547m®md?mmIamihnghd sde
coupling frane 355 and/o housi ng 351 to for % dﬁ{fﬁ)‘) ﬂ2§7ln ertfqa:ce
Opt i onal kg to Flﬁém&tﬁtaelmﬁé%fl%@t P%‘g‘/%%ﬂst 89&8%9%‘&3'%% Y R 15 PR

! a%e{ S f%’rl IIE@ Ih@rﬁneﬁﬂ %y@;sl @B@ dnat @Bﬁﬂcﬂw afidfuaRhd ©YURL 1339, | OpRomIlg it ext end
substanti a

perpendicularly to the filtering |layers 352 é)p‘ﬁﬂ 'ﬁfg‘]‘% t he
at t enuat iatignuhtineclpverg 54 meay rBRresRt ateger waks tdatc%‘fﬁdﬂ pgimeghle pagd & from
t he flltﬁ{ee? L%yers 352. Airflowis directed through the filtering |ayers
352 of the filter/sound attenuation bank 350. Opt i onaIIy, the attenuating
| ayers 354 may represent interior walls that are sem - b and, al | ow
airflow ther eE/QQﬁﬂughFlgffGO@O}sF? dap e"'%”lclflqjg'??‘égloﬁ’éd éﬁffndf)t g‘i“i}% #%toheq"h
filter/ SQHé}ﬂa@dnt ﬁ?éﬂ@tlliﬂnlnglﬁd'ékat?b'ﬁ%tm Neerhtiekd BN T6aNRY 547ar el"l%étteﬂﬁaﬂng
arranged 1 n the sarre7p ane. Optionally, the fllterlng E 352 aTErs
ar r anged membgrsgl 434, 176 ande &478care agele do slimimater a lingf sig ln ef L 1%t ering
layers 3 1950 1la) iRcleRNEASC14700MMCHe rQMAERT I8 UPMREd, convex,
confi gurgttglﬂgl?ltyng? P(lgr? teri n59llayers 352 are arranged so that the ends 362
are positioned adjacent and/or abut one another at the junction 366.
Filter/sound attenuation bank 350 inclydes at |east one row of filtering
| ayers 352 arranged in parallel and/or at angles to one another.




[ 0061] The attenuating | ayers 354 are positioned parallel to one another.
Optionally, the attenuating | ayers 354 may be positioned at angles to one
anot her. The attenuating | ayers 354 extend substantially perpendicul ar
and/or at an angle with respect to the filtering | ayers 352. Each
attenuating | ayer 354 abuts the junction 366 of the filter |ayer ends 362
and/ or t h@n@hanai/ck aeeusfdmBf roandell| tHie filkyiag 135R. 145hexwnd dtterepoadjacont 372 of

each attenuating, | aye 54_ext.ends in a ne be en the ends 0,50 that
t he att erfif&f42HEE I]W%r{§§-4 'Iq'é"skgerﬁlﬁi fIﬂQSer?n %%t%%@%e%%eaﬂeﬁ%e %W%‘rzflaﬁ e
rounded, diblatingd Riyes 654, C Opvially,CRB CHltefing dyelrs 045D @Rtend ipérpemtioplar doirmeldd .
Airflowis directed through the filteri r}‘g I a‘%ﬁ’rﬁ%l%z gnd zﬁ%ng czt)lp?’ed
at t enuat i3guaEg faxersEa*- EE‘T psating laversd 43¢ o HS 180 BYEF A° Ty
{ ﬁpr e fﬁnttog'érflﬁeefd[fgg% ég]ﬁéléﬁ_ti'ghttiﬁ@lgao_alr Figﬁ@nuimfrmegadm@l@m&riafg Ilawvf 1_@!152 ttteling ;

er et hr ougn. 2] Fl gure Illustrates.a 1o Lew a1t soun
i ¢ enuat tsiesn sleheambon Attnoring el |15 Bpistplo ol sfarind e Flr2 50
filter/squpgd abdvantaich QRetdaitg 1Adp Gas&actirloi i lireqier thayugh tHel Hleringdayarspai r of
ends 1162 and (gl anar faces 1164 extendingg Ihﬁ(get%t)\/\een.. Trl1e fiié;tsgri @g
| ayers arld52 pud arpupd ey alicpueting Jpyemel 49hmeIMOAHY: Mo eBIAPE y2YeFhe™f iT%er i ng
| ayers 1%5;%es%ﬁﬁnt@ﬁ6r@%ﬂl§*ﬂx_a@dfe RAGhETcHBIE hd MSRaGHow theast@owhot her .
Additionally, the filtering |ayers 1152 may be arranged in a concave,

, d/ fi .on. The filter;j I ] d
o that the oleh o Ser dubBlnRE: atencient s PRt RE Y oTRE

filteringiteaclogerddfi2nanatinianghsvso Rifiaés &1 ends 1162 abut each other at
a junction 1166 to forman airtight interface. Figure 9 illustrates a
single row of filtering layers 1152, ti | ; d,.aliteat i on
bank 1150 rray[olfozégl udiélg%ﬁll? %i'qu B 8%%’33 fc%f?ilt@!re %/%oamf %%?g%{mﬁ%{% é)ra%agﬁged in
par al | el having ouiteraivalR@gs @sd planao frentaand tbhekr facds @06 3hdr#I. dkhedronbaridigek fgesr s 1154
are positione aral l el t e angther i . j N ayers
1154 may 4@@%@%&?8&% raée[dq%%lnge%r ood}’(‘)v n%lergﬂ&;m‘% g?ﬂtlhéll'ﬁéécg tglirlattﬂla?l)twid ﬁy'l ggl/éer s
1154 ext @ner/suliditienbdtion bank hevshardil codtains 4 Hltdrienntl iatt¢npationdahlad @ A,

Opt i onal

ot ho 1 i deirgor AT ds SR sl v A0 Pl R QengORET

1166 of hhag ftel duss wahy403. ame $iltdrisodnd atehwation bamkadOp is cpnpled it &e hawsg 401.

1 or | Sptienalssde dietiound Srmmiion mgth & ol o oo BumEdanl RR 1, 01"

j unct i on fikdBBuRNsHealiatioh dBE 400aiadudet Gdplurtalityi of ifigring eperp KO gndde plucdity of

[ 0064] Each attenuating | r 1154 i ude pai.r of e 1170 a m ddl e
portion aﬁ%?‘"@ﬂ?@ﬁoﬁ(’%g'r?%@e BetaxXes %84 T’%@‘ﬁ%ﬁ%ﬁ%%ﬁ?@ 2‘24?1%%?6”% Npied e

m ddl e pefeldo@fling krade 20S a/oMiidthBusideB401t hat is greater than the width 1183 of
the ends 1170. The ends 1170 may be rounded, flat, pointed, convex,

concave, and/gr._non-uniform. oun . ALrfl.ow i . r : e
filtering | a_y'g)% 115 eaWB“‘%L%%%H“? Hgﬂg'tcﬁ\llg%ﬁgto:ﬁ{ng@l&rlaa%o?g&%%g%g18%?%%@?& ly,
t he att epntbi by phayiey of dildndatig YayeRpI0es @ath atrehaating laywed(4sin¢lindes adrant end

sem - per neabl e .an |1 ow ai.rfl t her.et hrou 0 E e i rat es

at oppvi Aly- gback ?“gl"'ﬁl%ra}‘év?) B’i‘l‘{!iflea‘ﬁgma‘?‘fl%Hetﬁ’gﬁﬁl}hi%%@.ggrﬁ%gﬁ lTethéogllt hlya;ﬂg{/er s

«'itrz 2212520ﬂﬁtﬁmﬂdﬂ’n§ﬂgﬁﬁk 407 &d SWIR the Ao/ fatPaionThd fronttgheality |of ertenvgtidgay er s
are

layers 407 are positioned substantially parallel to one another. Optionally, the front plurality of
attenuating layers 407 are angled with respect to one another. The front plurality of attenuating
layers 407 extend from the front face 410 to approximately a center 411 of the filter bank
housing 401. Optionally, the front plurality of attenuating layers 407 extend short of or beyond
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arranged at angles with respect to one another. Additionally, the filtering
| ayers 1252 nay be arranged in a concave, convex, and/or curved
configuration. The filtering |layers 1252 are arranged so that the ends
1262 are positioned adjacent and/ or abut one another at the junction 1266.
Filter/sound attenuati on bank 1250 includes at |east one row of filtering

| ayers 1Z2keedter 4019 dte bdtkphnmﬂq} @attamdﬁnylaws 4mgkiesd aimglhebeahﬁa:chéitz Ti8066] The

attenuating layers 1254 ext ngl.e fr 1252.

Each att & Pli“?%’gtyl fenyebiag "?yﬁlff’l{?ae"ge Ogﬁ‘cf’ﬁ] Sotfmfaélﬁéjgt Paralf%{ e gﬁllgl{‘fi and a
second at(];ﬁﬂhb&l@j 1R baskrpdeatit} 3? ﬁrttenil?ﬂﬁg fiayreest4oatatreemghaﬂlmg1 nermetteto oihéZ Fdbilgbut s t he
juncti on 6 _of the Iter 2 | anar . face 1264 of

afilter T g%‘ikpi‘%léyo 'é’“‘éaé‘% eré %[‘gi%?? %ﬁﬂ%%rfacf%%? R é%‘i e angl e
fromthe cs:e@romi ofht ﬁmahmngmgmgdmr Gpﬁzﬁallde’lebz&ktpEnm]m)t mﬂmgemn@amslcm4 1276
are angled s el | nate a line of sight between adjacent attenuating

0
| ayers 155%D ’"’f‘ﬂ’é“’g dﬂeéo lﬂ‘“\ﬁ@@ﬁ”ﬂﬂe attenuating menbers 1274, 1276 may be

the same for each attenuating layer 1254. Optionally, the angle of each
attenuat i ng I EW@I] 126% ﬁm;ingdayysrs qlm ia)cemtll bgtweemhﬂae firdnt gluraipunt] atienuatingat i on

bank 125 nc| ds

per pendi adlerzi % thj%b ?P]Pra‘i?? %@ %ﬂ'/%tr l%ﬁéz%b afth?'hrrl%l%?é 46@%&??&3}3 254 may
have a uniffoat endwiidtoli a dack/ anrenmxdg hsertzmatand/arbyckadndmgft ohe frloﬁrragttemauflg taer m ddl e
portion The .end 27 b i oncave,
and/ or néﬁiﬁﬁ%ﬂﬁﬁf{«foyﬁgﬁ%ﬂ%ﬁ%&}k @P nc?u%ds 4iop ?51%5 %ﬁrag’uﬁﬁmt ﬁé)ﬁqgel te}% ng

| ayers 12ketpirg ebolineht, ttlmmbﬁ@%ahdthgbbmemi @BMludaaﬁitcrm@ layer 492wbat
attenuatin ers 1254 en erio r

seni - per ﬁ’étg'lf# 3 een 4 FsHe ag%g Ay %vf}%ﬁ ﬁg‘i %%95%101%89?%]—1?’ our’e e Lftm%lage

vi ew of ao4 inlaf e/ @apml d&édﬂgrtuahe asustgndo11 3Bk ﬁrfdsrsomdt anumtlomgpammm:s 1354
has a third attepu n end nd

at t enuat FOHR! eﬁe‘ﬁﬁg"r% 'f'% ﬁh@%;é’f t%'r‘?ﬁ‘ﬁ@%? en%sd%bté’atté)r %@géme 8 are
angl ed Sﬂllctlaﬁl gt 1aye@d Hom mgt e,eanb%uae;;]g)faye?] glmr;] ab&:cetwp&ﬂ tbgﬁeatd ﬁﬂmaan mg tnghtyer S .
1354. Air w 1357 is directed thr the e 1352 aroun
the at t eHUERFH P AIFRPRTs dir @@4&“%11 'ith‘ﬁf? T laXeFFe t"? ﬁ‘{ ® 4%&7’8 a?:oﬁzg%

repr esenfogd. r‘@ﬁl’ohﬂl’ W8 lattSnubdidt layF 2108 @iy rfeseRAleforandlls dtlat @wserhirfekmvible

t her et hrou [ 0Q 8] Figure 12 is a top view of a filter/sound attenuation

bank 145®ndgal'lﬁéfa§ﬂ?\¥ hrgelt ayers 1454 include attenuating nenbers 1474,
1476, and 1478. The attenuating nenbers 1474, 1476, and 1478 are angled to
elimnate a lfjoomsjof Bhwbls ishaldehizmefan embbdiment of the filter/sound attenuation bank

400. The attenuation layers 404 extend between the outer walls 303. The attenuation layers 304
are oriented to extend from one of the front face 410 and the back face 412. The front plurality
of attenuating layers 407 extend at least partially from the front face 410 to the back face 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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attenuating nenbers 1454 may include ends 1470 that are rounded, flat,

poi nted, convex, concave, and/or non-uniformy rounded. The filtering

| ayers 1452 extend between adjacent attenuating |ayers 1454. The filtering
| ayers 1452 may extend at an angl e between the attenuating | ayers 1454,
Optionally, the filtering |l ayers 1452 extend perpendicular to each

attenuating | ao0g8) 149He atkh@utias l98Uad A5, 4y ehp b&é&&damﬂatt b@inﬂ‘euldoedsawe;g
| ayers 1452 are coupl ed together .to forman al rtight Wg@face ure 12

i |1 ust r ats@8ves. &19fpgmenynifarapy yndedy ehr ehegnelegizesig |f?fﬁ‘ef3é’ﬁ’ F\e“ééﬁﬂ‘“&t acent

att enuat ij@rd BWEH tHeARMt afdBal RRéd M0 aRMk 12 pHiR flilelifAchaidtgiob aydtetted Savkrstny
extend between each attenuating |layer 1454, Airflow is direct d t hr qugh the

filtering® F‘éﬁ@?@h@wh"aﬁ@”@?‘ﬁl‘}ﬁ&e‘%‘ﬁ@%@%ﬁ%tﬁ?g’“l chprels 4%3@? wlesaldal |y,

the att enydafcem the! A¥RIaBonl BPds ABY afEBIGSQNs 4€}Blto(?|’tﬂeoﬁou¥\1ﬁé l461.t ¢ afidr@ation
sem - perneabl e and al |l ow airfl ow t heret hr ough. 0069%I n anot her ﬁﬂyngdl ment ,

a filter lysmdtdagayHarreseatiptepenyallsdbat ore Wlfﬁ@e?hl? 4 foRY 2p RS &rr §

at t enuat is0g 2h PYRESirAAWELs 1482 FAGUTRS tiBodeh. thd AP ARhAIQMNE 43BinitRe dirdegdrsgrect i ve
view of a filter/sound attenuation bank housi ng 401 havi ng. out e{ wal I's 403

and pl andi7 Ahperr shannels 4R2 pud 24 hayve wigths 4262 428rind 4300 et MAYbH SRR s 410

and 412 %ﬁ&h&e&f&?ﬂfétlﬁdmatﬁ afeOMt BlahndiP43d, Ay thhey @b&h%ﬁlh\eﬂ Jtdmebesdwéeactl on
of arrows 414. The filter/sound attenuati on bank housi ng contains a

filter/ s@@ﬁﬂﬂlﬁlﬁaﬂé’rﬁi)&t andbagkafses Abpand 412, Opiirually, therfrast %ﬂdrl%(‘?ﬁ‘ik(fﬁceﬂiw*i r ough

the filtagg %ﬁ:ﬂﬁ! cahtb&@al% bORolpiRkar 406 thé GO WRLINE2f 1B 40RreAK AR Snal ONY
the outer wal he filter/sound attenuation bank 400 is coupled to

t he housﬂlrdgﬂdl@hchawlﬂ%lné%Cgfbe‘fﬁf?enqllffﬁ?@rch%elﬁd”aﬁ?‘énuat| on bank 400 is
coupled to the coupling frane 405. The filter/sound attenuation bank 400

includes a p T’i?wf]' t yriRef fitfering Qhyjen04020y:86m Kdddecantle dropt pluadiityt ¥t aftenaitingnuat i ng
| ayers 304.

iltering |ayers 402 and the at uating | ayvers 404 may be
coupl od e e ediA TPl A0S S ResdiRanedsier 40bove T fiem
att enuat i Hdnd ANA1S of @ SadkHelehlBBnAlalro0d afd &badki dnYl 404 ofd fr@ﬁtth@tfehdlﬁné ay@r s 407
and a back_ pl Ul’a|lté of attenuating |ayers 409. Each atten ]glg éer 404

i ncl udes4@/-fPrsignaliynthe gads 434 ofithe filter {tyezﬁfA)Z g §xtandHo g fram ’é

bet ween bhgeedfiaftdeo 1ayéd 404. T’hﬁa élfd@'l?,tt Eﬁ E}re'i\kd%eYanefadﬁ)‘iﬂ eniad '4!15} 1aygran 407
extend along the f ron{ face . front urality of attenuating, | ayers

407 are pérabatingheer Wa@nmdékemyﬂ@aﬂa@ oEan ¢ csﬁ@ﬁ&%t%l@@fd&fh dharFd the
front pl %zﬁbf ¥ £t 1% &9@@@5&@%& AT 1 AP figR eS| WL Wk telidy £EDGCHIdR One
anot her. front ural |ti/ of attenuati ng | ayers 407 extend fromthe
front fan@l‘ﬂ@(ﬁﬂeﬂhﬁﬁf@@bﬁtm apy 484.center 411 of the filter bank housing
401. Optionally, the front plurality of attenuating |ayers 407 extend short

of or beyond [od#¢ CHMURE 13#kla siddGiehastla ﬁli#&&hutauexﬂﬁn@iﬁmuam N@hd ﬁ:yﬁrs 409
ext end an@gthe back™ face 412. The bac pIuraltég ttenuatlng yers
the, PR P3

409 are Pty oS gaepuatingdever 1487 |e§tewia%¢é¢aﬁfeuartt68y &pe pee 14H0 fosth t he

back pl uggl 1412 Qfhe %&Wﬁity @Qatlté\ifﬁfnﬁ 1482 10 eRBE £ tba¥¥i faRiall @ FBRCthe bakone
anot her. The back pluralit attenuating | ayers 409 extend fromthe back

face 412fa@@14d|§|dp thei frat @Fﬁ/l%ﬁ’e %rﬁl@ﬂﬂmlﬂﬂéﬂ“qﬁr@dfthq qtpuatiag kYRS JSPhefe401.
Opti onal L &iﬁ%ntf&sﬂfacpd MaaHek t Xn QddidddheRtialidy e A AURLS 14R8 Rb ardimahgeat of or

beyond t e center
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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[0072] The filtering | ayers 402 extend between the front plurality of
attenuating |layers 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. The
filter/sound attenuation bank 400 includes a top end 406 and a bottom end

408. | n them@uaiRey MogaRPHo sreprB@nd inRri@Nehid Bt &8 dethiferhebleml gt 408
include a filtering | ayer 402 that extends betwee an. a t enyat i Esg]éé%yer 404
and the BRIy giganel t%%"iaaﬁavtp ir ghgnagls Wdea i flgwe davehs a‘havn pl ed
directly 1494 (e RRUSLAGE #AF. THRGIIk S a?é@ Quextdntl othRbh €2 e ey ofs

coupl ed to the housi n871401 and/ or coupling franme 405 to forman air tight

i nt er f acattenpagng lpyerseldDhend the eack plwpitpefptteivating lexsrul4P? ng | ayers 404 are
coupl ed together to forman air tight interface. Airflowis directed
t hrough the fjdovgri neighrayier ifudfiess of fikdtBoiind| dtenasion behkahdusing atsi draviegnk 400.

Optional ly, the, attenuati ers 404 represent, i.pferiof.walls that
are sem fi WE&%?@“%B“%“P%#'?‘F%%W& ?#;%é‘fl'f‘fggﬁ'ﬂﬁwtuﬁﬁ%]aﬁ?pg%srsea cﬁf%lms a

si de Vi ewspfa foht GIDIH, BRIY baok ficbast.i Tlicofrdns e dsednt enisad: i portbaokthé btk The
attenuation | ayers 404 Sxte d betweglg t he %l{#ue‘t[l .m%l g 393. he at L& uation
| ayers 3@ee40d” #Finsripralgd o alQy At 19 Figwn BREDELER AL the GHECUPR Q4 WPHS JRY ¢ he
lback fac @pﬁéxﬁuﬂ heolpliapirapl 0d| dxtendOhlond tiRnslddri vlls |48y ans tHOTopeddsenTheat

east partia

y fromthe front face 410 to the ckdf ce 4‘12. %{&enﬁack
pl ur al i t yiltgysonpd atfrguation fank A28 includss atisnuating layery 30 ;@F'ﬁ‘?ga Y £1om the back
face 412 jfghiig 1hyeaniss bRr@itefitflaydid@ss hrecaipladgo tha VieuisingHMB2 andick thérevupling
attenuating | ayers 404_a_re_stac|jﬂ(ed in an interlaced manner transverse to
the di r efemgAOdto fan arrgiyghtAnterfacthe att enuating | ayers 404 may be arranged
parallel to each other and substantially parallel to the direction of air
flow 417. Optjoongl | yAudnb@ingtidy@rsuesiai exgentl dyvesn the dronBfachdsPasi the badkdacet a
common or _different .acute gles to pne another and_.an .acute le.to the
air f1 owAdk7The agpminerqyersd s aranaef PRRIficUR e oo ,f?llfl‘?fmﬁ%aﬁe §nd iedeq,
flat, pobakeEce 40N CRNENallY, ARV AMnuaAing 13Ers AN man ettendndt yn naundetk with resebannel s
422 are forned by adjacent attenuat] ng Ig%.er tovx%rd the .front. and,bhac

U FHeRBBInG JAYEF it

k
faces 41t tgdrop 2nd §38 fages ety 1R | & in t % PPURRSE 42, pi"&“%i r flow
through hGodalll 8¢ 4teenuids AléeasEinhPBe Ratty AQRd witheespidt tcdianombs Mdldwar e
al so | ocated between the attenuation Iggfq%s 4 4_ang%out4§:{ ;va%l I %&Zﬁg?) of the
housi ng isglirectes aroypd @ispuating fpyprsfad andipy Jhe ticring lawers Apg af tg fligesopnd ¢ ot
are sem zReLNRAN.S 400 OpREIMIAhd ARAGatRb layeRaBNREy fgfsail thtélsk @allsthit achannel s
422. Air flows through the air channels 422, 424 in the direction of 417.
The air &emirnsenesblenpd gliow aiflowibgrethiguglh hs 426, 428 and 430, that may be

equal to one another or differ in wdth. The air channels 422, 424 have a
common | engt h[é)ééh? betigra [BRF4I2Ex@ldandtast patidllyatish e kackafaas46110Tiend 412.
e

Optional Ly, .t ront and/or back faces 410 an 12 y. be .cont our to be
non- pl anﬁ%efglgcﬁy‘ifﬁéfz fend %’Hﬁ?’ﬁlaﬁé?e'ﬁ?ﬁwl arcfPftg“eﬁBtha/ikfaﬁ?ﬁacﬁﬁ 4?%6{%\?1 dual
channel  é24onaflg4n il IBRRS 452f hey efbndCAanHents adgle to A3k anf BAASTaddrelS9,
filterin I:ﬁgrs 402 extend between the front plur |Jté of %ten ating

| ayers 48G1. ot filtedngjayexs ﬁP@FeaﬁfTaP&edcﬂﬁmélPlttéﬁﬁ%ﬁoﬁ’Q“ I‘S@}’é’f“ Iy, the Hilt %S teri ng
layer 404seiheRearhdofiMafad Al tocoHd AhbdMeOf AdahafifiletibeRiyatiang id pystiond09 and
a back end 414 of a front attenuati négél ayer 407. QOpt]on e ends 434

, Ly, t |
of the fwithiara paiyefediacepbatipayatiag dayaes tienaljya Ay qHmReT r‘Jt“‘ierﬂ%Qﬁ%‘?)“ t he
attenuat | - - ogge PR diRHhO IR ed A5 Mstnddd, 414
of an at#@gBg?%ﬁgérg%é?m%g%hgﬁgﬁg&ﬁﬁﬁﬁggmégrtion 420 ofgéﬁ adj acent
at t enuat inner dhagnst 4620 DU@I@@ﬁmﬁi@f“ﬁﬂﬁgthﬁbﬁ}ciﬁéﬁcel‘lﬁ’yers 402 abut and form
an air tight interface with the ends 416 or mddle portions 420 of the
attenuating |ayers 404. [0076]Figure 15 is a side view of a filter/sound
attenuati on bank 1400. The front plurality of attenuating |ayers 1407
extend at least partially fromthe frgat face 1410 to the back face 1412.
The back plurality of attenuating |ayers 1409 extend at |east partially
fromthe back face 1412 to the front face 1410. The filtering |l ayers 1402
and the attenuating | ayers 1404 are stacked in an interlaced manner. An
additional plurality of attenuating |ayers 1405 are arranged between
adj acent front attenuating |ayers 1407 and bet ween adj acent back
attenuating | ayers 1409. The attenuating | ayers 1404 and 1405 may be
arranged parallel to each other and substantially parallel to the direction
of air flow 1417. Optionally, the attenuating |ayers 1404 and 1405 nay be
positioned at a conmon or different acute angles to one another and an
acute angle to the air flow 1417. Air channels 1422 are fornmed by adjacent
attenuating | ayers. The




attenuation | ayers 1404 and 1405 may represent interior walls that are
sem -perneabl e and form an i nner air channel 1424 and outer air channels
1422. Air flows through the air channels 1422, 1424 in the direction of
1417. The filtering layers 1402 extend between the front plurality of
attenuating | ayers 1407 and the back plurality of attenuating |ayers 1409.
[0077] Fi gure s'oj)' Ugiol, At £5 1R sthdrdst £1dpS Ol torotht GiAlobRN akdéhidltidAObimk 30451
having a filter/sound™attenuati on bank 450. The housi ng 451 ipncludeg outer

wal | s~ 453 djzceniopicaBng laydsod 1o 87 outer gharfist 446a e T chenerl 40p 398 Vit 461.
The fr O”ggfa?“f&h?é;?enﬁ)ﬁﬁﬁ’y él'ﬁboldﬁfeg{, 11 ARfatifafrs $AFoPE SlufaBEOFH6kr Efafinels

per forat to allow'alT to. w therethrough in the direction of arrows
456. Opt i466 @héhyhaving dleseine adth ¥6Sre Optienaliv.c cprnsls 466 M3y hae Gores Wit ¥3453 and
the top -outel Shahl | Qiptiaadn, dhe Qidinaédishane altérasnuiaki ng

| ayers 43’3‘%#%????%%?%%%%%?’? ‘Elvgg.}j%'lghgfbgtgt e?’uat_i F\gt | ayers 454 a{ng
filteringt6baneyraryShheattonugidngplavats ¢34 arp arrpnsed peredsalaniogragh of e HeBUBTS ng
frame 40 I 461 @ftiod Ash a3y aktkiDat laA¥EULS arfphed

ext end bg‘ts\%\ggéla{e%aﬁa%ln{sqi‘?ggo%ggqg%%@ﬂ%&gg%% face 261. Tf%ea1 at,t_tenuati ng

| ayers 454tharespeat oaifeett puk tack Bicet s 4¢lo Bscitfowtnglayss i are 88819784 and "t he
back face aﬁaﬁé‘\% t(%ﬁ%ﬁaﬂgqh% M%e%&a?ﬁ%ﬁgérgﬂﬁ@ﬁlhm dcBNYE a8 4P Hit TRYpeaithb @Bch dfler.an

acute ané’l e respec ront and back faces 459, 461. The
attenuating layers 454 are positioned in parallel. tional l the.
attenuating | #8081k 454>aﬁ'eﬁfﬁ§@'“wc]t§¥%§ §5hpeends framithe P&ﬁjé??t oyré‘ﬁﬂte’iﬂ%er.
Arflow s i poE AR LES ARG & 1h8 YiRhSand Ddckafckstdsn 0169 Aptiendily] t er i ng
| ayers 4%%(3%:‘45?%%?? ter/soﬁhdrﬁattenuati on bank 45Q. Op%ai onal |

t
at t enuat itheyfilteripgrlayenssi52rmasy xeqnd et @ntacytn apsle & ot and bpgiatacey B9 é% - EEE} meabl e
and al | o%t?,iri%a? gt42§ %E‘IV 1A %g}%,gd [&QZ}QL@I{: WahirBgedt Y BhS arbidr €Xithe Mikeddg | €ast

partially face 461. The filtering |ayers 4%% ext end

subst ant ilaletsy453eaxtron bbteatras paip of ariaceplopttenyating baeR 4Phc e blieringlgyers 452
Optional | i i B 4603 eRchadt f288461C W Lattnadie front
and backf?caer{s]ﬁﬂ%ﬁ?&@%ll&g%ig}gfrﬁ?%té?lgor\ | ayers 45az aétlre arra,n%ed pa?giipl el to
one anot H@p extGplsibetmatt the endsd72 pf admcpmgﬁlma%m@rﬂ@- g alrauaing AR AH Y an
angl e to one an lofni Dlrdehtit SlehiBhnk ASHife 45 Aok SnBA8d fnhe el t hi n a
pair of éﬂirgsglgtn@ttegﬁ“e’ar%ﬁ%% r?é“ ?%nf%!rﬂgg %E&%&oti or:a% ly, 0an§ nunber of
filteringekafbe stedf@ingeap hay heooundedrfia Hobtedeeancays; eaees an ARGy ayer s
454. The fil tcieri ng | ayers 452 form an inner channel 462 through a

per f or at é%fmﬁl%r'ti on 464 of the back face 461. [0080]Figure 17 illustrates a
top view of the filter/sound attenuation bank 450. Adjacent attenuating

| ayers 454 fofa98zln ofiger Bhillnsiakes 6 Blterpendositeayation dape housss Hiashay g 4t h
468. In - ' Bg 36 1 RO bier WAKSDS A5F 569k Bbik

plurali tif/iﬂg?&éﬁ ereﬂ%%gﬁﬁggﬁgbgggﬂee%%ﬁ %aviln t he slzama Wi théﬁ68. Qét?in:)nal ly,
channel s 526 fiay fAead@P, wa y/back fage ¢ hs Thestont Tase S andrat leagtRrnortione tishack,

uni form w dt 14a6I§'pe ﬁ‘eﬁqglalllx 508 Wotll thefttBor2h ihNBe Aub&ion CdFedils @6 may
vary. The attenuating layers 254 are arranged perf)endl cular to_each of the
front faOptiéadlyandotpieg fack F13cesteny alooptthoauen yallst 108 andttbatenr F&y MaSers
454 may extend at_an ac I t 1284 sbackyd aces
459, 46 ) Slteaund prsitarpr lr‘%gg’ﬁﬁ %g@“‘%ﬁfﬂg@gﬁ‘%’g@hr% 2%42: ,iffr%{e%g% Sl _

Opt i onal kyenuttie lagersci®dand fitpring Jayers SA% drerpayplésicto shethouding ¥H gnd/ar the eoppiiag pect

to each %%ngrsn to form an airtight interface.

[0083]  Aftenuating layers 504 extend at least partially between the front face 509 and
the back face S11. In the exemplary embodiment, the attenuating layers 504 extend from the
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[ 0081] A pair of filtering | ayers 452 extends fromthe back face 461. The
filtering | ayers 452 extend substantially perpendicular to the front and
back faces 459, 461. Optionally, the filtering |layers 452 may extend at an
acute angle to front and back faces 459, 461. The filtering |ayers 452 may
be arranged at any angle with respect to one another. The filtering | ayers

452 ext end hetean @B, B aRdiAae MyedSoe niatekingl fray dedrohbfice Fote Thel t eri ng
| ayers 452 form an i nner channel 4@%@&0 a pﬁr}g]r%t eg_cp%r%i Ocﬂt §@4 g{icet he
back f acettawatingdayess 304 airATRERd OpeyIa 1 eth ST Be CgRidreerRd 2uhilE D1 2%+

adj acent sfj | f)ﬁﬁdnamy, R%BEMattRdayerkibe4 air?%@ﬂe@d dtRE aGRangEQvitimyspee oo e Eobt
interior wall  or a sem -perneabl e nenbrane all own%_al r f‘ o(?/tl nt.o tthrée i nner
channel 4sdbackHaces 5% Alht Thiptenstinglpyes SPharsdattionet it parglish nPRIPe s Have,

convex, o 804 REITHY adufin dgded WD SRk @leh bihet. | Wirflowds éBected
fil ter/s%ﬁ‘%H ar%gtqlggedati on anﬁ housi ng 501 having a filter/s ung attenuation
%@ﬁ?fhnét tgg ,a eénu t1

bank 500 thrpugh the fidering Brers PHcinddbouglp ehanisl PO frguehs B3t om

507, a fy J0aC OmRRalyaitd apeatle BRAGE SO hay Tépeestrt Gttridraels 9630 aenetmart | east
a porti o#nfg;(@)lgs théQ%chka Tyéce aS?Llag{rge %eﬁrfor at)éd to g| | ow

ir to,fl
t her et hr peyieable ang eallivradiowotherghrongh. o i2pimpally. ¢ i fsy‘?lkeﬁteéotﬂﬁ“g%véhef rane

513 exte I HDEnQHL&fvedahd s 503 and the top 505. The filter/sound
at t enuat Pg%ngiasﬁgg{soo fnc%uggs attenuating |ayers 504 and filtering |ayers

502. The attenuating_| ayers 50403nd filter}i ng | %ﬂerﬁ 502 a ﬁtc% lgd to the
housi ng 501 al@p8lr tFlegyyss g0 r gitends 343 1as PEP#Ya RO FEi BRT IRt erf ace.

[ 0083] At T(ﬁ)ﬂb‘f'f]atllk,nﬁe | s @RS 1a PR e¥iden deadt pdredit frqatlicl takk Yach S e dhe fillteridfgr ont
face 509 and the back face 511. In the ngrnEI ar¥ ei(%()dis n)Il tq1  onall

at t enuat lavers|58y exgndenpstantially, perpendicpian o the fropt qnd backsigde: gtl dnalPF§ i ne

at t enuat hlﬁégﬁﬂe?i}ﬁg N5yeR0%h2 HY SXdngRfl ah btk bfige 0 BBt dndORckOAEs SDAeSHL t Bruat i ng

| ayers 5 are arranged perpendicular to eac& of Ehgj ffr ont face5 09a and the
back f ac&iltsing lagst $03ras apneadreralekte aeeanothsr | Qptonalls B HIEIRESYEH P2 ™an

acute angl e -Wobia SIRAE to IR ahdifer | EQMfilRARL 961500 abRSanSMBpuabidd layeit5e4 to
attenuati ng gyer s 504

yers are positioned_in paral]lel. %’hona{[g&%, t he
at t enuat iforq dnzayrtigly iedaceraPhefttegpglarery S@ndrespinfiopintp Ti*®t 0" each ot her.
Airflowis directed through the filtering layers 502 and through a channel

506 ext endi ng[dobs]oughgﬁdaew@ﬂdsemwd iop Gidvayfhs fifi@/ourdpitemnddd hank t5h@ The
attenuating |ayers 504 may represent i gltﬁri ?r vv%l lﬁ t%setoéar S gjglggﬁgeabl e
and al | ofilterinef lepers SPR plax Hieqriighpatieg layers 200 O YTHEE SRS Ps afrect'éd & hr ough
the Chan'ﬂﬁr}ers%@ﬁ ah®@ tHe TBtefitg Tafdrt HER h@)&ﬁéﬁge&?&peﬂdﬂﬁ&ﬁ}d:édch ef thedrdnafaee S0502

extend at "l east partially fromthe front face 509. tiionally, the
filteringnd thyback fasetSd hOptionplisa de apgupting lpyers §Q§rﬁﬂ3 ﬂ&%&é%ﬁfﬁé’é may pxtend o
filtering L@%cg&%g%%%vi%ﬁ;@a 15 W SioaNhridabal £R6Y BN Sl IC Ultrattbauatityelafere 504 and

back faces : Optionally, the filtering Iaytﬁrs 502 milz?/ eﬁ) nd, at an

acut e anghdtht GilierirgriayantP2sacrositigaessin pamgllels Pptiongly. the atfenpating 14ySE 53%2 are

ar range‘jﬂ%gﬂé{ih@ayér sg}ﬁaﬂ%%mayan WK Alshett toleliéh dikert €ring | ayers 502 may
a ngl e

be arrange n"a t'o one another. Each filtering | ayer 502 abuts an
attenuating |ayer 504 to forman airtight interface. filteri yers
502" a1 rect i [OPFGw | Wy eieepBRiamiRtmsYG I as0RSTR frire gy p RER AN o,
view of the. LiddRl/s3PUngl Aok R8I0 RR bath HAQhat Thgreater than a width 516 of the
back end 512. The channel 506 expands from the front face 509 to the back face S11.
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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filtering layers 502 abut the attenuating |layers 504 to formthe channel
506. The attenuating layers 504 and the filtering | ayers 502 are arranged
per pendi cul ar to each of the front face 509 and the back face 511.
Optionally, the attenuating |layers 504 and filtering |ayers 502 nay extend
at an acute angle with respect to the front and back faces 509, 511. The
att enuat i JigndaB¥El rs”)fm aametﬁlnemfgub;te&rson Jormedie Eianid) 20 ke pheinéliS06 eilectsn

paral l el . Optionall the atten | ayers 504 and the filtering |ayers
502 may Wa&ﬁ@%%ﬁ%@@&‘%sﬂﬂ éltg%{??églfacﬁé?{each other. [0086]In the

exenpl ary enbodi nent, the attenuating |ayers 504 have a front end 510 and a
back end 512. [0D3g) frEighreemdillﬁdt&telsasﬁlaarﬂsbzdtdr‘mﬁﬁuhtibmaanld bouging 5érbavingre a
wi dt h 516, of

t he back. end ) X t face
509 to tt@teﬁ%?é’ﬂ‘??tée%at‘%ig "k%ﬁl IS5 °f“§}"§ﬂ incly eéﬁ‘“%’?‘i"aﬁg%? aﬁg?psésgoﬁunt%& have a
uni f ?r (rjn vi5dt dfrorDfiice 658 lahd/a bicl;;éacaﬁﬁlen"ﬁaatﬂrc;ag fdcay&r &draa;eg@e _Igﬁmmmdéﬂhs: bﬁdk?t
poi nted, concave, cQ or. non-unjifo e i ng
| ayers 50%¢a i’rﬁé’efp’iafgrtf’n@‘)}”a? %882 her {hml%]ﬁ t:{ﬂanlﬁeem%('j’g g'th’g%gﬁannel
506 di r eadmiondlNyf h@m}ilmgaframrfﬁerﬁteﬁdk plong itlenoubd 7wak 5B ent) alok topatss. STi.
[ 0087] Fi 20 il lustr S A . sound atte at| ban 0 551
havi ng aq#‘leﬁi ogpg §WH?§‘°§$?‘§%§P§HP%?I&B§{‘WU%% layers n%éyﬁrshg utr:}ghse out er
wal | s 55&ue@aﬁ@qa§a'5§3554aanbanﬁeﬂmg lafpets S8 4re @aiple‘daﬁehﬁﬁﬂsmgﬁﬂ aoh)famkliﬁ slee 561.
The front Lact? ﬂé@e%ﬁ a}ﬂp |on & . dﬁackp .ac gm%?orm
perforaté‘&‘l“é’ﬁ?ﬁw N Gl AT ﬁP‘H’e[ 8 “tH %% Bh o af Fows
558. Opt @.ﬁd@lﬁqm@fae@upl ing frane 563 extends al ong the outer walls 553 and
the top 555. The fil ter/sound attenuati on bath 550 incl udes attenuati ng

| ayers 554 an ayer.

filtering | ay&ogé] gﬁk?gl %"éﬁlsé%l e’fs%ndt ?eaﬁg’um %%@g& l%i)a%&g?idg a%tﬁ %}ae

at t enuat ibﬁkg; thays1 s Tho filtering lises 52 Iateeman@dl p&gpendam%Zo By obﬁlecfmupfaeaﬁ&%

coupl i ng form a alrt nter i ri ers
552 exteﬁﬁ‘g ﬁ’?%é&éf g t{)%tfqr@lybgl H“% AYTE é aec%gegg(ggb ACEE aﬁglg face
561. The réshéct &) the Gohtayie backTadks a5% SEI.r mhrgﬁhbrmg rlzgersdisz atearosmonedan paralllelt he
front face 55 ack f . ti ayers 552
may ext efptigE l&ﬁﬂﬁﬁtﬁ?‘@gg sg Sgﬂaﬁg? Ay ?ng? h{@pﬁ:g{ﬁ? %AF a‘%:/es 559,
561. The dfrbdtédeﬂirdigmaay!ﬁhﬁell:&'se fain@dpiaswédnothe diltiering) &ayeds | ED. anﬁpﬂhroughilehqh, t he
filterin? H%/ 2 may be acutely angled with respect to each other.
Airflow filer ‘through a channel 556 fornmed between the filtering

| ayers 552 and through each filtering layer 552. [0089] Attenuating | ayer
554 ext ends a[lDO$§E]astAmn&tmgl layer f 955 nextdnds latddastl pargally6itom t@ptbh@m&wﬁﬂl he

attenuatin e 4 ext nds t partiall [ t f 559.
The att eﬁaﬁ?’}aﬁé 'ﬁ“ﬁﬁg ég%@x@ sattgﬁﬁs{ Bﬁ%ﬁ%‘fé?‘%gfhed?@‘ﬁl%‘%n% e front
and backaﬁt@ﬁﬂ&g&@&r sﬁcﬁaxte:ﬁptsmmatﬁduy petpeadiatisren ulet frovy ahdipek a4 55!%1)56d=,xt end
at an ac to fron back f 559. 56 he, at.tenu | ayer
554" 1's aOpERiBlY fisptmiRE b Foa R ol Rh 7 ts 0o FOF Bsidh Bl o,
?t It enuat ssnlg T&yﬁfen&ﬁﬂg lhnw 434 1ﬁarli'a’ilgaﬁphrﬂtel aﬂtham'ggmg/\iaydns ﬁm ]E)@pttonhldy tﬂeeh )

iltering |ayer 552. The attenuajin er..554 dir airfl ow, ugh eac
of the fAHPRAINEGRSH Doy ko arf?égfff B3 argle Withrespet ‘it fslﬁeém{% e 7 sy
r epr esenhidntmE 18/er 884 Hivectshaiflodl teroagineadhesfiRAR@ing Nalend $32w @ptichhlwihe
t her et hr ough.

aitenuating 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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[0090] Figure 21 illustrates a top view of the filter/sound attenuati on bank
550. The filtering layers 552 formthe channel 556. The attenuating | ayer
554 and the filtering |layers 552 are arranged perpendi cular to each of the
front face 559 and the back face 561. Optionally, the attenuating |ayer 554
and filtering |ayers 552 may extend at an acute angle with respect to the

front ang,hackediarBend@Pr toBakh of e fdhi ABLISHI AP theer fob46ANOptioRsll tet er i ng
| ayers 552 are positioned in parallel. Optionally, the at tfﬁr}uatl n(ca;fhleayer

C P
554 and wHenuptinglayer §o¢ pus Aresing bayerggy2 By sEigpdrhAnAqute 28l TPRERALES o each

other. [ @RIl bdREG8XeaP! €1y THDALNIRAL. lafeP S5Atah@ IR Ge| IBYeey S§bdrehas a
front end 560 and a back end 562. The back end 562 is coggled to tgg back

face 561 pedtigned in pamilsl r Ontigrelly, theafteiating lrys 5P ant the Gleryigdayes PSR

Opt i onal Ly el Bg1dd i reBd 156@n By, be flat, pointed, concave, convex, and/or
non- uni f or n?%/ rounded. The filtering |ayers 552 formthe channel 556. The

channel 556 directs aiyflow fo an opening 564 of the k face 5

Optional Iy, olf8ng B4 ?ﬁ&?“’[?@’ gn F"’F‘?ﬁ’f’égee?}teﬂ'ﬂ)art?gﬁ)ﬁ’(%gﬁﬁﬁéa%@ke@agg 561.
L0092] Fi gi];ﬂd l@ baék/ bidd! :wg.t r'PHetfacia efid Bcszle;rs/?a%l@%i tatht &Bﬁﬁfab@ 56 bg:gﬁm’ﬂcml&iirgightGOl
aving a_filter/sound attenuatio nk. . .The housj ng iLncl udes outer
wal | s eomterface o Fhgfignt exd 369 t‘%’fﬂuB‘%‘i‘; a%"“PFath tth-?f’é‘t 8‘6@},’&%@’ ée hé}cRmPtﬁ e 611.
The froniodaae &R, aRdlordionuBFSrinlArdaeddd ahe Bfteriridayeescds2 fa@ethé tianadl 656.
perforated to allow air to flow theret hrogfgh i n gthe {ié'dre%i on, of arrows
606. Opt itBpahangel 536 disessy 3irflow foAmerPeaing &t ehilie bagkdass 1 e ‘JUPBF Yu8Pi¥'8603 and
the top @Q@magggeag%;a%d/pggﬁﬁ@fﬁgbmmisen bank 600 includes attenuating

| ayers 604 and filtering |layers 602. The attenuating | ayers 604 and

filtering layers 602 are_caypled to_.the hqusing.601. ti.on th
attenuating 18Q9&s 6%&”?3&% ‘H‘Ffém‘fﬂf 2t @Felrﬁ(ﬁmﬁ &Y t'%‘béa%q;ouﬁlélg %@L%‘F‘é‘hg t(?1 0
coupl i ngftéRoBndakidmiaiord MRG0 Hiehbighyt 601 Nichideaqaer Wdlld 8, Fitepa0s, &Apttom
illustrates a perspective vie

of t filter/soun t enuat. on.bank  600.
The fi | té??@&?ﬁhfaa@c?‘)@nﬂ’éﬁ‘l?ﬁkgﬁ%ﬁ“ﬁgﬁ‘eif{w&? Bt am&a 3§t  PYTIGH °¥g|‘)’FS%°rki ng
| ayers 6@ge 14 e @émracba tryy aDbw adirt NA&W i thgethRyigh $n G dircthien of urraivi t696.0f
filtering |l ayers 602 inc¢ludes a pl urgl ity of ups lreggnfi I tetri n(g) Ia?(ers 608,
a pl ur al Ppjonsily.t4 paupliegy fA@E 43 Friends: alpnen tejowes velly PE3 2n¢, dheatop) Poa) TSy of
second dgpgabiRPMRehiatibebinRBob aNcides Slchuating Gdyefs dok @ind MiltetiylayerS6E. i The! udes
an upstream end 614 and a_downstream end 6%{3. Igﬁt he ,exg&pldgr }lfogel% di ment,
the endsaiemativg daysreer04 aad filtering leysrs ifaare Goupledo drdiOuEs *th B8 ey be
rounded, ;EORGRY Payes BOY o6 thO fitdHnB GayeATAL Alay BO Boupltid t edtipling PaRCIEA to form

an airtight interface.

[0093]  Figure 23 illustrates a perspective view of the filter/sound attenuation bank
600. The filter/sound attenuation bank 600 includes a plurality of filtering layers 602 and a
plurality of attenuating layers 604. The plurality of filtering layers 602 includes a plurality of
upstream filtering layers 608, a plurality 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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[ 0094] The downstream end 616 of upstreamfiltering |layer 608 is positioned
adj acent the upstreamend 614 of each of the first and second downstream
filtering layers 610 and 612. Optionally, these ends may be coupl ed and/ or
formed integrally to forman airtight interface. The first downstream
filtering |ayer 610 extends fromthe upstreamfiltering |ayer 608 at an
acute angl e. Tbo®4pecans ddanein am 6icl b upfittainafiesring lidyee xd08ni spdsitionedt he

upstreamfilter | ayer 60 n acute angle that, . s ual.,.,and opposjte to
tﬁe ang| eadﬂé?‘ﬁé'éen“p%s/‘ﬁ"ém? ‘f“%sﬁ[% d’gﬁﬁgﬂ?é@rﬁ%?‘igﬁé?‘foﬂ df"é{?fgrga'% fyerine a%%seéft?fost ream
filteri nganh%lmr ciiﬁ&%ag?ahéserea%d %ay béweodpwﬁ andigt esmed E:;e!glcaﬂlyeqlﬁ:aml ar| ﬂﬂ&ﬁﬂoghe .
attenuating | ayers ext en et ween e upstrea ilter ) er an
one of t HBeHpGes tThEigWth’été‘?ﬁnfﬁlfef‘%V\faﬁ%r qtlgﬁ’@feg%f@nhtﬁ]ﬁu‘fsﬁgarg gg%hnéq%&r/\%@t ream
filteringtlAyaite Sk, THeisbdRadkibynstredie fibimlapd 6P extende fismGild upsirgare fiftend

bet ween the first and second _downétream attenuat | ngﬁtl?%zés r6t1(§)Wa}lrsldelz. The
at t enuat i BT PO &lra agreangle thatds eqvplsind HPPRYE { 1he ARRIH BRYWERP APC FiSt Y™ er i ng

| ayers 6Q@serifPlal&@5ad hnd thé fiRtréint fiftriag (a9er d08Y OpSonally tieayo anglenk adt eqal angl e
fromthe filtering | ayers 602. Adjacent attenuating |ayers 604 formair

channel s 618. jonal | the atte ti I [S interior
wal I's that ar ééag’gm - géer %Eegﬁe}tlgg i‘ﬁ' R ?o xpegﬁi P ?‘1@% %hggé%t %Prﬁoffljlgeﬁ!.hg ?%g‘é%qggu gure
24 i || ustanatoss ofithe dipst \doawst@hm tiiteridg layard1§amd dheatet@d umpingreaafilteri6® tryerThe
attenuating layer, 604 form.t he channel 618 he attenuati I 04 are
ar r anged GdgT le?{‘éla“}f’ g]’eé’ﬁﬁrﬂlaB‘fgqFWés (faorgd??ty ef‘ég%b%‘ﬁﬁenglﬁeﬁ %}hagé Béél'g’i'(d ; ac 3':?6@ 1.

Opt i onal |ayemiahi®s Bydres10ahd BIL. | Ehgattenuatd lagys 6)dtestedd sitbstamiakly perperalinglaetoni t h
respect to fhe front d_back faces 609 11. e upstreamfi | ' | ayer
605 1 s pots iedoeoiEnapenrLy SeRathy B hmpl BRI atsld Bl IR

Opt i onal Ififterihd Bryetp H0Z. € Al abdrk tattériubng] Ayees 604 feempaiiscHaimeivedll 8at Optivnaltyuttiee angl e
with respect to the front and back face 09, 611. The .firs 0 eam
filteringMUPRpERS BIGS aiﬁmﬁﬁéepgeé%h’&e%\k?ﬁ@f %@gﬁfefsieﬁ'g‘?rplﬁﬂﬂ? gifjte?l Ogv\i\gﬁfgr%e each.
posi ti onggkr@hroagh. angl e with respect to the front and back face 609, 611.
Optionally, the first and second downstreamfiltering | ayers 610, 612 may

crtond Par L ikok Pkt BRSPS B e MR e,
back end afiéiatingieyedd 80 foen dheGhianreb 6 (0 Ulleaxttetiatingipya$ 604wee hirhriged parglld tyer s
Opt 1 onal F9Eh RHibE Purfieeil RS uren S Rl SRR P8 RudnBr B AR 00 ay
convex, aR@Ad4t af abutdidigleGrith ryspea tomie tronildne badkiferen6@9, AL. | By epgreeilttanem

layer 608 is positioned perpendicular to the front and back face 609, 611. Optionally, the

upstream filtering layers are positioned at an acute angle with respect to the front and back faces

609, 611. The first downstream filtering layer 610 and the second downstream filtering layer

612 are each positioned at an angle with respect 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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t he channel 618. The channel 618 directs airflow through an openi ng and/ or
perforated portion of the back face 611. [0098]Figure 25 is a perspective
view of a danper 700 fornmed in accordance with an enbodi nent. The back
draft danper 700 conprises a shell 705 which defines a central opening 702
having an inlet 701 and an outlet 703 through which air passes. The shell
705 S CQRSEHaHE 898 t Phel dnhnn18 direElblGkTIAF 1PERE Ag Sp@ihe! ditioti plifordied poridrr
flows, or be placed inmrediately upstreamor downstreamof a fan unit. The
si ze of tdighediel fecefgd. depends upon the size of the duct, passageway or fan
unit. The shell 705 is constructed of 16 gauge sheet rret al and has a lip

| ocated at t heooost | angﬂﬁasmmpmgagfesz oila denppér GoRxformebinar@tdantd wih an

The sl ﬁeﬁeélzr@gh The ockiall deioar T0ceRlieR 2t 7B ARG ARA o 10

be fabri cabagvihg AT 4oy pesutlf 70th@ipialviich aid pisseseTid slhéiewéns calistretigd ons

based on a particular appli ion. [.0099 | ur al { end
bet ween tt?igpt“&‘ba S0 opBRs %W@JF’P&%E%’LI?QQF@% B phg% Iﬁlérf p Sqt%iééa élfanes
712 nove daehwRam 6P Tardofit. tTHénﬁze mhﬂreestailr’]maatepéﬂd@vupsmbm ame |oﬁlthe/ dueti npeded
through the central openl nd cl os |t|on dashed .l.in mhere
ai r cann@ESSAFEERY 1o FHLEME t ﬁt7pglls HPERY f‘g’ &OTE??ega\l}%% gh%l\c/lehats %ph ends
713 and hQlhiany eRdsitld1o3 whdhngagdes mdpmae@mﬁﬂéwamgmmwememlbh
converge to thinner trailing edges 7 esul ti in a eut 1 dynam c
shape whi’€h hay 8 4ere£0% pettams? raég Sb‘f?é 7&@ erslﬂ?li g%gﬁaé‘%vrg&mﬁfé‘r eélrpg it ¥51
vanes 712,0aVveTRe Whalil T0SWhCHe faBrida@@STrbi afargT typesuat mbteridli andl @ptchdidferenh e
shell 705 and a Ieﬁg&h WhICh |s slightly I ess than the height of the shell
705. Opt idispeisiops basefeon znsgicutan appligdliohaye” any size suitable for use with the

shell 705. In the exenplary enbodi nent, the vanes 712 are configured as a
solid attenuajgoog] | amuuralraabﬂmal'm extefibberasoasherb anthptthm seeaves Ha AERDI e

and allow_ air ret ugh. tionall t he anes? e
filteringf ﬁ&f&?‘&“ T f\%e‘ﬁg’/"e eeegn@sﬁfdfﬁlﬁﬂw SIS &S "a‘%%" ooy t‘uﬂ‘g‘%‘nl of
at t enuat iyhgh eaédethﬁmgmﬂie tédttabspetigg 1763, @nd clo@edfpolsmenis Hmhéd lﬁ@there posatnobned at

t he outl et Opt 1 onal | the filter k 720 ione t he
inl et 70f1°“’1"|1i€°“6h [theagen %lrf%e‘?% i1 g‘e d’ﬁ’ﬁ?ﬁlﬁg% © f%’er@%gﬁe %E 1{ o&rjnfltgh

ai rtight hRued fedifs cdges 714 aﬁl@ﬁa&oﬂmmﬁchlﬁﬂeﬁ‘ge?fb&hlﬂﬁ@ tﬂaﬂ)ihgb@klsylmmn@ in
the shell 705 such that their axes of % n 726 are sl ||g[l£tl%rgofg

front toihaafuirl sredyRamg shapp sdich greates litf g‘f et 3 flgving ye Nes 712
bei ng cl QsRL 749 nkitea Witlietvhit s Itemﬂart&ee e;ttbqn@d@ih bftte ViRl1€%5 42 a 1dieeh anount
of offset depends on the size and wei of t he vanes ang .t he anount of

ai rf | ow wihish igplightlp dessthem the hgight ofébey JPS PRcially. S vnsy TI2HEYIFERY i 5 1o

cause gr gyl iedoR Foplad GithBe vidnesst ond Hel JxeﬁlylHmeﬂﬁoﬁﬁMt nﬁ@wane@mmm there
is no positive airflow through the danper, ch in the sane nman at a

refri ger serfigutdas acplid ettenuatisgdayer OP‘FF@a](l)\f ftgeeYang%’()l& PRYRe SREIPETER ¢ 5’%

possi bl e fQ, of thdd ShrbGsy! toﬁtﬁnmlrsat theNeandanes Gap ihehddt Gltbitng haefs. open
positions quickly when there is any positive airflow through the shell.

Mbr eover ,Altpmail\sﬂ)délm \ases 13 s e atcREbURRR O REBIEDS lavery s reiae yer: 4
little ali'lﬁlaérlb%ﬁfrt erﬂ@g%ﬁ&iﬁgm the outlsat b0 jgﬂdonﬁlﬂﬂfe%lt&%a'nk b9 kol nﬁb@ﬁosﬁfbned

att enuat e use he exa odi nments above.
The att eam:he intvg 701. ITIEIﬁltn@anh&QJde@lpéﬁﬁi tatheéhﬂh'fqmgfqﬂa%ﬁlr%ﬁméﬁﬁ@c%l filtering
| ayer 802. The attenuating |layer 804 has a front face 806 and a back face
808. The att epgid ngrﬁe%ﬁés A9%rd 1A mBEABERDLE st 08 shaihatahéif hawof
therethrough.” I'n the exenpl ary enbodinent, the fllterlng | ayer 802, extends
al ong eautatond@safe slightly effseh franti tadarkairem thoxerical ahamangle with élettgi’ﬁj%ﬁ[ﬁ

| ayer 80 3 %éem&m@remgtonly
one of tﬁaen%lbr?{)é;it)a?gace %%gﬂé Ik% g‘?lht? i{hgggﬁét?%%ﬂé@%%gesg? the attenuating | ayer
804. [00102] Figure 27 illustrates an attenuating filter 850 that may
be used with the exanpl e enbodi nents idsl ustrated above. The attenuating
filtering includes an attenuating |ayer 854 and a filtering | ayer 852. The
attenuating | ayer 854 is sem -perneable and allows airflow therethrough.
The filtering |layer 852 has a front face 856 and a back face 858. In the
exenpl ary enbodi nent, the attenuating | ayer 854 extends al ong each side of
the filtering | ayer 852 to encase the filtering | ayer 852 therein
Optionally, the attenuating | ayer 854 extends al ong only one of the front
face 856 and/or the back face 858 of the filtering | ayer 852. [ 00103]
Figure 28 shows airfl ow between the two panels 20 which represent
acoustically insulted surfaces and sound attenuation |ayers. Figures 28-30
show a first enbodinment in which a fiberglass core 22 has an open cell foam

24 Iayered W|th at Ieast one 5| de of the f| bergl ass core 22 F| gures 28 and -
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[00104] Turning first to the first enbodi mrent shown in Figures 28-30, this
| ayered enbodi nent includes a fiberglass core 22 (or other type of

i nsul ation) that has an open cell foam 24 |ayered with at | east one side of
the fiberglass core 22. One advantage to using both the fiberglass materi al
and the open cell foammaterial is that it is | ess expensive than using

open cel 'deﬁ&aﬁbﬁfﬁk &4 8ld iR Bf 118 GAMS PdaRSEmERL bf 4o thap el paspeingigh éhet han
fi bergl ass. Anot her advantage to using both the fi bergl ass ”E%ﬁ“lal and the
heraryFg

open cel |damperm Fhetnsrnoss of the pfaet isito CRRSE GAVILY 4Q LR A 3ETsHG s

mat eri al ﬁkiﬁ&?wﬂéﬁﬂbié@s fd RBkYL REfowMBEIBR tHERfampé aRcioPene S@ld mdnaarthatAnot her
advantage to using both the fiberglass material and e(fatgggte_n cell foam

mat eri al refiigerhtar dqos closeat Homever, dlts ofiggtshquid e a5 lifisiag 80%i it I5at <6y

acoustic j NSl e RaPVfRhte B tHefr fREL PbsitichE GRIcRly WhACMEBGE @by pdsipetdidlow t he
two materials provi de sound absorption over greater r n%e of, fi%%g;ﬁfet ci es.

The gr aphirbeghotie gheloWorgpven itdis desired tobave ghesvales fereme, BIlly Opened i ent
going fr JsiBad a horizontal axis showi ng the frequency going fromoO
to 10, 00 ‘Fpigwg:t’opagpr oximately the peak point) is nmeant to be exenplary and

does not necessarily reflect accurate neasurgne . 00105,

Alternative eH94eh]ehigurestt {igraes an a@&’g}"’é‘r‘%ﬁ@ﬁ%@@it%r‘maﬁ lﬁ%: Pﬂeéeé']éh the

f2 |8 ;)er gl ?_%%arﬁﬁf gmggdh%ﬁtb%ﬁ%m@_ "f]rl]eckﬁtetuﬁﬁﬂg Glleritigtiliclajee an _ﬁ?éﬁlhatfng Aaye2804( fn’dgaur 34
, a fiberglass core with ho | des | ayere n.ce m

(Fi gur e Jdpringlager£0pi Jde gtepuatmgdaxsr §§4 gfffoﬁ }F%‘%}/%%g‘“’%aﬂ’ﬁ a%%% nfaEeeM& fg%m 24

secur ed Q&elﬁgﬁrfgoragéreswiis Qb fepniabl 2 dbvg irtloRQherethaglbolit dim semplagn of

Fi gure 33 shows the enbodi nent of Figure 30 .in,use.in an exenﬁg{lpé%folr

ould

handl er . embodiment; theafiltesing davaio B2 extendf alone fachside Of Wie AiepuHPSLHE

i ncl ude RLCe HIARerh g 1@*&%@4 Reredli. f OstioRAly, iherERring layerS30R @klends. aldngroniyxanpl e,
a four layer version could be open cell fi beriglg?gg@, rockwool , and

f.oa
open cel long @fémﬁmﬁéa¢§9@?@@rm&ﬂifﬂ%erﬁ0885§?g}‘%fﬁ‘?% 't uned" using
different types of insulations, different quantities of insulations, and
di fferent thiglnegsesigele i1MBMbtakdsOmS attepudiny efilteh 850 abdtrreay be osedt with the

properties for the_intended use. 00106), The.enmhodi ts .descri bed
herein i ﬁéﬂ%@ef&bmﬂﬁﬂﬂmﬁ‘@tﬁaﬁg?‘ﬁ’g s a&Fﬂ”aﬁ% e JETYTE ?@B%aﬁuelg Zayéllnd
layers. §hg.E) AfehidegNeiendss Theahpisg GyePs3avis démigpeameablerant aticheairfoyst em
wth at | east one air_ ‘handl er surfaﬁre,'sfgrovi di‘?gl a, or$ gf f;]rgtmif;ilsul ation
mat eri al thesshragsha(The Shetingdrver B3 hes p fignidfagerdagand A fep 3?‘:8 P MMSTPRRERG of
open cel |, B%ﬁbﬁ?%nﬁemﬁh% ﬁ?y&pssma&@ﬁk along Baemsidé b teafitienag ilyenBsd anst
partiallyml ayered to the at [east one |ayering surface to fockma | ayered

i nsul at i encasothe diltesinenlayqrBs2 theesimt Optiogally. Hiretisiyatpg IYFT 4 SHEPSAIBLONY | east
partial l $nEQUEL ﬁ&u\ﬂ&*ﬁsé mﬂfdrmé%a&taémuloﬂﬂe@me@%aaﬁ[rsswz.t hat the facing is
er

exposed to airflow through the air handler. 00107] Turning next to
t he second enbodi ment. shown | n Figures 28 and 30-33, thi rf- d
embodi ment colfBi¥ds Figereydd Sli?w’bﬁg'ﬂo‘@elPe\tw‘?eBaﬂ\eza’V%pﬂeﬁsf (%? ﬁ@@ho I?r%%% or at ed
rigid fagidgicafly Gl Rhite RBd Usendohti@p@bnC Rivtrsf oRiguansper flomanefrst i gi d
facing provides signjficant advantages for g]f i%ée}ir an&l:jg{s. Fori

exanpl e, emhedinew inwhicha figerelagscgtetd oF 8 ePeR 4 ﬁ’@m psree el QneRids, cer 1
foam 24 dp éﬁﬂé}%la% QR $3 Gt ds 8 EEIHESS $HA® S5REud eRlbSAimpiticombiinglthd usesf of t he
open cell foam 24. As i

shown in Figure 31, the open cel| struyciure of. the
open cel lopénoeeth foam 21| witds fop gpe ?fd?%f%@Fedt‘l‘gé& &5 el $‘g?r83%32é1 3#5‘;’%‘7 Sttﬁlfﬂje from
openi ngs @ﬁéd{,ﬁ@lﬂ it hich SheRffik Hsdib@sh Bdakl ifl rdpficéd @it2en iR badvdoped cdly fomh pad ew i n
Fi gure 35" e exposed open cell foam?24 is able to absorb sound waves. In
one enbod#.nent, protrudi ng open cell foam 24 formed between the openings in
the perforated rigid facing 26 absorbs sound waves. This can be conpared to
prior art enbodinents in which sound waves are reflected by the
substantially rigid diaphragns forned by the snooth facing being divided by
the perforated rigid facing. - [00408] Alternative enbodi nents of the
second perf-secured enbodi ment include a fiberglass core 22 and | ayered
wi th open cell foam 24 secured by perforated rigid facing 26 (Figure 30)
and non-1| ayered open cell foam 24 secured by perforated rigid facing 26
(the bottom section of Figure 33). It should be noted that alternative
enbodi ments nay replace perforated rigid facing 26 shown in Figure 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 bei ng
drawn i nward. [ 00109] The enbodi nents descri bed herein include a
met hod for making an air handl er using the perf-secured enbodi nent. The
met hod includes the steps of providing an air handler systemw
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[00111] Figure 35 is a flowhart of a nethod 900 for formng an air
handling unit 100. At 902, a fan array is positioned within the air
handling unit. The fan 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 flow ng therethrough. The filter bank may be

posi tioned uppbieam m%gmfﬂqmtﬁ@amﬁddﬁmm hﬁnﬁrﬁfh Figiray 28-Bo)shis ilgriedg t he

filter bank includes, po i.onin | east on | ayer

008, at | KEARIMEHIGRELH BRFAG Py orcbepber of BtoRLaden e o PPB i ng
| ayer. OpltiigRak!Wih &th@asﬁbﬁeem%ﬂ th¢ fib&ylass mwzabmnetabmfagé toeusmgg)dtla;mr
Additional ly 0.th teri n(%uI ayer.

the att t b
AL 910, Pl 07 Ce AR G 1B SRS S SReel ng. a1

| east  oNgyf mhtGal GRAE b&tusd lob& !l Sh RoleTexfringive €ifan 4ibetplass. Anothef mma@e The
enbodi nents descri bed herein are qfescrl be th res handl i ng

system [ usingoRtly the dibgstagymaterg! ap eé’r?ﬁ'bﬂ? AN, 'thaédt ‘?lrﬂ%h ggssﬁhagd
withint Qﬁin@'ﬁber@lﬁﬂ%ét&gﬂ Uldiné bédate Qbelghst RRighé hdte hian dpe&(ﬂeﬂlrfmt phestben of the
air handling syStem The epbodi nents may al so b sed ups am 3% [,or
downst r eafvastest ersig hotthelberglashmateriplen ithe ‘H’&’h E“ﬁ?ﬁt a ‘fﬁ’taﬂ? A the

descri be%@ﬂ@@ﬁﬂﬁﬁ@tfﬁe AR rREy I adolstR ifiduRAiOn bR A deifdrdnt mg@mfreqffélﬁles
enbodi ments nay be positioned. in the di sc;hargedgﬁegl enum an [or the ,f{]et urn

chase of Tophes| tBafve BgieraleypfqvisiesrPRd abspratie BYsa SHRIfT S208R )" BRIRLTH: |

resi dent i,aly, BMAG ($h6358H8n a TH8cA8 30 d ﬂﬁ%%[ﬁﬁi{l dé@ﬁ?dﬁaﬁtdgdlr@ frde odoatmdaf an
HVAC sysfg ti onaI ly, the enbodi nents may be used wt 5 @I ]Sll on. air

control axipphogyies tRifrenueacyaeies figny 0 ﬁaﬁ&P%‘P iz aaamgoe the. 887K ng
systens 9 h§ Cfsetﬁéanpt‘a%le 'e%ﬁégﬁﬂﬁbes Tt bbb G At RNacte e MBsuraitdlisf act ory
engi neergd1 unit controls tionally, the énbodi nents may be used W|th

commercial and/or _resjdenti al ventll oducts. The e may be
used in the hG8HSAndrbnative gpbsymentso \}E%B‘isf) ySreshepRosuRLy e t he

embodi megpgre AR Yt Snd A fal eaeetnﬁieymteﬂ fRMm sz(tha.ee 18)] efiberglasa c@haan wuhdbbthr at a

di scharge vent. is_ to be er st oo

descri pt siges lpgradividrens ﬂcﬁlbfob'é %I(F‘E%rﬁ P8b pude fi P}gﬁ@a?’?é‘f’r Sz@ ﬁae‘f?riegg%g ﬁt’ﬁn
exanpl e, célhﬁaﬁ@@‘é@cu%%ﬁﬁeﬁ&‘éte@ ﬂ?ﬂ%&@ﬁé (Fighpetioyr T%&ﬂfbhﬁsebthﬂrcﬁﬁfélfdmy be
used in conbination with each o

her. 1Tn |t|onh rria NF‘é’a‘L | ons, may be
made to mtmeaewtm@up%ﬁlgw@ﬁmsehwtewm af hanglep It s ‘HF‘h noie t he
various %P%H'artsaaeve0£mﬁdaﬁnénweﬁml BB LAY had R tak@g dfT dfferkdelypesseope.

Wil e the dinensions and types of materials described, herein 3 e intended

to defi ninselaéonp Foneremptes a &ur iayer xeesiqungsiddisionen sallfean.diberglass. rorkaneh #1 t he
embodi me ngﬁ% MGy, rl%)%ﬂ,% e!niﬂahltrﬂeﬂﬂctﬁl'fﬂj a@fﬁﬁly%e‘mea"’ VisifgTBPRtRE Bpes ofVRNy

ot her e nments w e apparent to those of skill in the art upon

revi ew nglsmlmnamemagmlllmﬁf@wlam @@@p@ﬁ@ﬁ t@?@eV&?qféﬁglaE?ﬂﬁéﬂP%mes of

- the inve I I etermned with reference to the
appended8'Iésirg(?ah‘%mwpplortjelttilaﬂ%ﬁma II(lat‘wtﬂgﬁ]gscope of equivalents to whi ch such

clainms are entitled. In the appended cl ains,, the ter%rﬁ%1 i_ncl udin and "in

whi ch” are usleenogs tFhe W'&tdﬁn@ﬁgﬂ?sﬁihbeéqhﬁ“?}&lléﬂt‘ie armethRd frsmaking ¥8 % ng
" conpri s hger 3k tﬁé@@%&é £hd %épsf eﬂté%ethddrlném&sftﬁé Atepénohgroeidatgrm,azrtmﬁdlaer e
"first, second;

. are used nerely as | abels, and are not
i nt endedsystsni wpb@éeaﬁtm mf@aﬂdqu é@ffﬁcﬁ,é?ﬁ@tﬁlsg wfpre pedinst IBBEI%'@F matefiphhapng at ¢ he
limtati It fo8# selbnlBROREH MBfidINCt i ON
f or mat aiﬁ% a??‘f’el 34 |Sﬁ%%‘%\é\%ggqr%@e@?rft?crer%p‘?%pg%%%afggd on 35 U S.C_ 112,

si xth paThay Etph‘acmgnb eislsasapattialtytlayeresito bheqt dashonp JAyerng yHaceds frBiklpyerede t he
phrase " f SiEn ther
structurgmﬁgﬁmtg&ﬁogﬁ%ifwﬁgu%%g g?%ln %m%ke%ﬁg%%hg@nggtgnggg}ggd in the
si ngul ar lapered pda@adestdwh that the Gicingigexpestd to airfiow themeluthd sl Bandifier st ood as
not excluding plural of said elenents or steps, unless such exclusion is
explicitly stated. Furthernore, referegces to "one enbodi ment" are not
intended to be interpreted as excluding the existence of additional

enbodi ments that also incorporate the recited features. Mreover, unless
explicitly stated to the contrary, enbodi nents "conprising"” or "having" an
element or a plurality of elenents having a particular property may include
addi ti onal such el enents not having that property. [00115] This
witten description uses exanples to disclose the various enbodi nents of
the invention, including the best node, and also to enable any person
skilled in the art to practice the various enbodi nents of the invention,

i ncl udi ng maki ng and using any devices or systens and perform ng any

i ncorporated nethods. The patentable scope of the various enbodi ments of

the |nvent| on |s def| ned by the clai s, and may |ncI ude ot her exarrpl es. that
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a housing having a front face and a back face, wherein air flows along an
air flow path fromthe front face to the back face; a filter layer
held in the housing, the filter layer oriented between the front and back
faces such that air flows through the filter |ayer before discharging from
t he back face; and an attenuation |layer positioned within the housing

to attenuate ?@"ﬂﬁ'ﬂ aFuhilg nSRUP theReQRALALEEMBR SWBANint Fgurky T8 UndB0k3DMGK
faces, the attenuation layer oriented to extend along?the ir fl

. . ( W,
ldi rect i orperf-secured empbodifment jombizes tha mie Aforen gl fpam 24ih &qrysg eaff“'ta@ﬁ {814 on
ayer incudess nelitiihSmebieateptd QN by MdSpeAbhfagRil Adh@sRMidesyichifRaced
apart from one anotﬁeﬁfgo forn?%n air chéﬁ%elathg?ebetgggn,}?hé g?? fl ow

pat h t r a\advantages for oergin aihbangiers. dipsgisample, the use ofytherpeatorsted ggid ffagng o ©c| ai m

1, wherei s@cuﬁ'eﬁﬂg %Pén%ﬂ PB4 %cié"e)ﬁ @bt sg%nifiticﬁglﬁh relite RRY dousteitsbponduadiids Eitannel

bet ween the and back faces ousing, the filter la

traver si rogen bl fam 29h admeiows e Figureai ! dbe ogen sl stichg RE thsePsR Felgﬁéﬁr?éﬁ

passes t hiouahodiliR deithd Sfen! Y $am 24 to profhhdeTtisin lobérinfts defdg infthe perforatel,
wherein the attenuation | ayer conprises a Eorous medi um configured to

absor b saigifdfacing 26 (shgyn Tth&onti vigvein Fawr 38F  Eheapppsed oppretedifham B8 1§ tlg oy | ayer

conpri s esag?orﬁ 'scgutn? .@f)ainsn 100 B GRAR: | SbRSHif opeRaRil ORe 20 foinR8MetvtleR e d
paper, and spun fi bergl ass. 6) The filter bank of Claim1, wherein

the filt eppniegslimibemeiferaicd apiddering2g #hsorhs seuad wayesg This can be compared to prior
art embodiments in which sound waves are reflected by the substantially rigid diaphragms

formed by the smooth facing being divided by the perforated rigid facing.

[00108] Alternative embodiments of the second perf-secured embodiment include a
fiberglass core 22 and layered with open cell foam 24 secured by perforated rigid facing 26
(Figure 30) and non-layered open cell foam 24 secured by perforated rigid facing 26 (the bottom
section of Figure 33). It should be noted that alternative embodiments may replace perforated
rigid facing 26 shown in Figure 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.

[00100] 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 atr 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

26



| ayer . 7) The filter bank of Caim1l, wherein the filtering |layer is

positioned in series with the attenuating |ayer. 8) The filter bank
of daim1, wherein the filtering |layer is positioned in parallel with the
attenuating | ayer. 9) The filter bank of Claim1 further

conprising: a pair of first attenuating |ayers, each coupled to the

filteringqf usl 24 aPkks 3
of 1115t S B D B R Tk Tor i L wher 61 1

the att erveadd ej be s3tisfactont fenths intendsd upmey) would biipagespiapierte Fl}erf@tevf% gfent.

11) The T} Eﬁqnpﬁ@gﬁarﬁ&eﬁm@l Dripahidd inhELeLR ebtﬁdlé‘gr iBjeBablé dRls dbhl@maatti ng

layers formng a annel therebetween, the Tiltering |ayer posLtloned

Wit hi n t weacsegishieto, have any fiberglass in the air ‘handler. Alternative émbodiments of the second
uncoated embodiment include uncoated open cell foam 24 secured by perforated rigid facing 26

(Figure 33) uncoated open cell foam 24 secured in a frame 30 (Figure 34).

[00111] Figure 35 is a flowchart of a method 900 for forming an air handling unit 100.
At 902, a fan array is positioned within the air handling unit. The fan 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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12) The filter bank of CGaim1 further conprising a pair of filtering
layers form ng a channel therebetween, the attenuating |ayer positioned
within the channel. 13) The filter bath of Caim1l, wherein an end of
the filtering layer is coupled to an end of the attenuating |ayer.

14) The filter bank of CGlaim1l, wherein the filtering layer and the
attenuating | 3@5@1&3? 9t § 2hd QESH a{haﬂhta, Q@&e%&%manquna&r@me illustrativel 5) AN
air handling unit conprising: a fan drawing an air flow path through

t he air handdiot regtrictiviet Fomxamplte,éhe @amekdqsmbeﬁl iembegimagfs faﬁ@O%ﬁS?%FSItWP%%Y t he
filter b a back
face. | whorred Briohn wit sech pther 1S, Ry RGN e e O S the
back f acea particular situation og nfajeriglgp theatgashinge Ioﬂtl'ier‘ifafiﬂé avdadimegs of e inyantie | ayer
oriented JHa that I t t he
i1 tor | oy GOt aRahdE ff plrdlothe? PR BRESpRITOhs B8 i gr s Rsomel

atte guat i ignein agcentepdrsilto |dgﬁ1@dhmmrﬁn¢ter§ I96 theoasipwrgerehediments inf Aleaineestinn th% t he
sound pr b t rQpdt b n er
ori ent od TEUrlqs) B do; ark; BpEUAGRAE LARAR: chiiAAST P ticRs
handl i ng mmwmfnts@a.bmam;emm@emfsm inf thetagtripay revieydns the akoye gpseHPYAR t he

attenuat | e scoﬁle 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 US.C. § 112, sixth paragraph, unless and uniil 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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17) The air handling unit of Claim15 wherein the filtering layer and the
attenuating |layer are positioned upstreamfromthe fan 18) The air
handling unit of Claim15, wherein the filtering layer and the attenuating
| ayer format |east one channel through which the streamof air flows.

19) The air handling unit of Caim15, wherein the attenuation |ayer

i ncl udes b bt PkGcnaliiee Brbaiplcd rel iRRskes (et williethe Setipacpmi claind iSthaeethphpar t
fromone another to forman air ¢ n?rel hjret%etween, %he Fi.r flag ht)ath
travel i ngatehstowra! eleaments that (g fiqe fitter from the Jraligaguage o e fauRy Idf 17¢o¢

d ai m 15 ¢, WhidsShEudd \@uivhlefNdtLADN clbAYRE with ihRBSintiandipfafehces Eoimths liznalai r
channel between the front and back faces of the housing, the filter |ayer
traver si tygeages efithe dH@Anel such that air flow through the air channel
passes through the filter |ayer. 21) The air handling unit of Claim
15, wherein the attenuation |ayer conprises a porous nediumconfigured to
absorb sound. 22) The air handling unit of Caim15, wherein the
filter layer conprises a filtration nmedium conprising at |east one of foam
pl eat ed paper, and spun fi bergl ass. 23) A nethod of filtering and
attenuating sound within an air handling unit, said nmethod conprising:
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positioning a housing having a front face and a back face within the air
handling unit, wherein air flows along an air flow path fromthe front face
to the back face; coupling a filter layer within the housing, the
filter layer oriented between the front and back faces such that air flows
through the filter layer before discharging fromthe back face; and

posi ti oni W sg s gneaticon | ayer within the housing to attenuate sound as

t he sound propagates between the front and back faces, the attenuation

llayer orientegqyto gfigndnelcongidde air flow direction. 24) The
met hod of Claim 23 further conprising coupling the filtering layer to the

attenuating | ayer, ) 5). .The h of Claim23 further. conprising
positioning th O'fsfqgthéY‘F%@%P%ff@F aﬁﬁgatcﬁgacgt“fhﬁﬁ%?f ﬁ%wsl ag?/néran%%? hat tlha channel
i s formedydnihe Gghk fd2it6 thetblk fadet eam of air fl ows. 26) The net hod of
Claim23 further conprising positioning the filtering |ayer and the

attenuating |layer .in hr.ee- di.nensi re. ¥/ of
Claim23 furt ﬁﬁﬁerclﬁvﬁf)ﬁ?]‘i t“ﬁgéa}b"&é‘f‘%’?%nf?%giafﬁe" n?]%{t P4 téerhiv?leél ! a%/%lgggr]fga{t ﬁgé}
at t enuat isagh thatyaérfloins tis@rghels filter layer b2dje didchargipg frouh thé back &icenad f ur t her
conprising positioning the filtering layer and the attenuating | ayer in

parall el . an at %art]i ng‘}'g?p%gﬁgnegfwitggqg%ﬁ}ogggéﬂf Jtt@ﬁfaté:s‘aﬂﬂ{j dsSHeNBud’ F angi ng

mul tipl e attenuatl S arrange 1t and spaced apart from one
anot her tpoorfagaten batweai the Glonirand back Heoes bhetajjemwation lneer gripnted to\exigrd Aongibgy el i ng
t hr ough theﬂ ai({ke&%%_nnel . 30) The nethod of Caim 23 further

conpri si naér 5’8’& troning the attenuation layer to at least in part define an

air channel between the front and back faces of the housjng, the filter
| ayer traversihg tThe fiier bank afleim 1s whereinhaattgnyation gyeroprluisuliifle ai r channel

passes t hrouadiird drlahsd aliBYERE and spaced apart from one another to form an air channel

therebetween, the air flow path traveling through the air channel.

3) The filter bank of claim I, wherein the attenuation layer at least in part defines an
air channel between the front and back faces of the housing, the filter layer traversing the air

channel such that air flow through the air channel passes through the filter layer.

4) The filter bank of claim 1, wherein the attenuation layer comprises a porous

medium configured to absorb sound.

5) The filter bank of claim 1, wherein the filter 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 aftenuating layer.
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31) The nethod of Claim23 further conprising formng the attenuation |ayer
froma porous nmedi um configured to absorb sound. 32) The net hod of

G aim23 further conprising formng the filter layer froma filtration

medi um conprising at | east one of foam pleated paper, and spun fibergl ass.

9) The filter bank of Claim 1 further comprising:
a pair of first attenuating layers, each coupled to the filtering layer; and
a second attenuating layer positioned between the pair of first attenuating layers.

10)  The filter bank of Claim 1, wherein the attenuating layer extends at an angle from

the filtering layer.

11)  The filter bank of Claim 1 further comprising a pair of attenuating layers forming

a channel therebetween, the filtering layer positioned within the channel.

12)  The filter bank of Claim 1 further comprising a pair of filtering layers forming a

channel therebetween, the attenuating layer positioned within the channel.

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;
a filter bank for filtering the air flow path, the filter bank comprising:

a housing having a front face and a back face, wherein air flows along the air flow

path from the front face to the back face;

a filter layer held in the housing, the filter layer oriented between the front and

back faces such that air flows through the filter layer before discharging from the back face; and

an attenuation layer positioned within the housing to attenuate sound as the sound

propagates between the front and back faces, the attenuation layer oriented to extend along the

air flow direction.
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16)  The air handling unit of Claim 15, wherein the filtering layer is coupled to the

attenuating layer.

17)  The air handling unit of Claim 15, wherein the filtering layer and the attenuating

layer are positioned upstream from the fan.

18)  The air handling unit of Claim 15, wherein the filtering layer and the attenuating

layer form at least one channel through which the stream of air flows.

19)  The air handling unit of Claim 15, wherein the attenuation layer includes multiple
attenuation layers arranged adjacent and spaced apart from one another to form an air channel

therebetween, the air flow path traveling through the air channel.

20)  The air handling unit of Claim 15, wherein the attenuation layer at least in part
defines an air channel between the front and back faces of the housing, the filter layer traversing

the air channel such that air flow through the air channel passes through the filter layer.

21)  The air handling unit of Claim 15, wherein the attenuation layer comprises a

porous medium configured to absorb sound.

22)  The air handling unit of Claim 15, wherein the filter 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 a front face and a back face within the air handling unit,

wherein air flows along an air flow path from the front face to the back face;

coupling a filter layer within the housing, the filter layer oriented between the front and

back faces such that air flows through the filter layer before discharging from the back face; and

positioning an attenuation layer within the housing to attenuate sound as the sound

propagates between the front and back faces, the attenuation layer oriented to extend along the

air flow direction.
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24)  The method of Claim 23 further comprising coupling the filtering layer to the

attenuating layer.

25)  The method of Claim 23 further comprising positioning the filtering layer and the

attenuating layer so that a channel is formed through which the stream of air flows.

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 attenuation layers
arranged adjacent and spaced apart from one another to form an air channel therebetween, the air

flow path traveling through the air channel.

30)  The method of Claim 23 further comprising positioning the attenuation layer to at
least in part define an air channel between the front and back faces of the housing, the filter layer

traversing the air channel such that air flow through the air channel passes through the filter

layer.

31)  The method of Claim 23 further comprising forming the attenuation layer from a

porous medium configured to absorb sound.

32)  The method of Claim 23 further comprising forming the filter layer from a

filtration medium comprising at least one of foam, pleated paper, and spun fiberglass.
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