WO 01/ 18324 PCTAJSOOL16651 ACOUSTI C SI LENCER NOZZLE FlI ELD OF THE | NVENTI ON
The present invention relates in general to nozzles for ventilation fans,
and nore pswaoasdzarly, to high velocity silencer nozzl esp€Tusensasswi t h
exhaust fans. 5 BACKGROUND OF THE | NVENTI ON Prior art devices have been
designed to provide a high velocity jet for exhausting atnosphere :and

ot her gases, as described in, for exanple, U S. Patent No. 4,806, 076,
issued to Andrews, and U. S. Patent No. 5,439, 349, issued to Kupferberg.
These exhaust fans are typically nounted onthe roofareas of buildings and
are used to carry exhaust 10 gases as high as possible above the roof line
of the building so as to ensure an effective final dilution of the gases
wi thin the greatest possible volune of anbient air and their dispersal

over a large area with maxinumdilution. The fan in U S. Patent No.
4,806,076 has a nozzle in which two converging flow paths are defined by
two respective passageways. The walls form ng these passageways are shaped
as sectors of conical sections. A w nd band is provided 15 at one end of
the two passages at the outlets thereof to provide an entrainnent of fresh
air to mx with the gases exhausting fromthe two passageways.

Conventi onal exhaust fans for noving | arge volunes ofair often generate
high I|evels of noise which is undesirable. As a result, a wide variety of
fan silencing equi pnent has been proposed to absorb fan noise, thereby
reduci ng fan noise to an acceptable |evel. 20 However, conventi onal
silencers are used at the fan ROOUSPIC SILENCERNOZZLE and do not control WO
01/ 18324 PCT/ US00/ 16651 -2 noise at the nozzle or outlet portion. These
conventional silencers are undesirable for several reasons, including

because they IMefpior fAERVENEON N the overall height of the fan device
and they are limted to a relatively low air distribution velocity (on the

order of |ess than abouhe peeny inveution palatesin genced] to nozelks fon ventibagiomfaps,ad ect i ve
R s e e e ST L
controls noise at the nozzle or outlet portion to reduce the height of a
fan or othef 4EV4¢EROUND OF THE INVENTION
Prior art devices have been designed to provide a high velocity jet for
exhausting atmosphere .and other gases, as described in, for example, U.S. Patent No.
4,806,076, issued to Andrews, and U.S. Patent No. 5,439,349, issued to Kupferbetg. These
exhaust fans are typically mounted on the roof areas of buildings and are used to carry exhaust
10 gases as high as possible above the roof line of the building so as to ensure an effective final
dilution of the gases within the greatest possible volume of ambient air and their dispersal
overa large area with maximum dilution. The fan in U.S. Patent No. 4,806,076 has a nozzle
in which two converging flow paths are defined by two respective passageways. The walls
forming these passageways are shaped as sectors of conical sections, A wind bandis provided
15 atone end of the two passages at the outlets thereof to provide an entrainment of fresh air to
mix with the gases exhausting from the two passageways.
Conventional exhaust fans for moving large volumes of air often generate high
levels of noise which is undesirable. As a result, a wide variety of fan silencing equipment
has been proposed to absorb fan noise, thereby reducing fan noise to an acceptable level.
20 However, conventional silencers are used at the fan portion of the device, and do not control



and provide a relatively high air distribution velocity, w thout adding

significantly to system pressure. SUMVARY OF THE IN\/EI(;E’ ?gg{]e pr esent
i nvent i oY@ U1 $ect ed to an acoustic silencer nozzle f s such as

ventilation and exhaust fans. The nozzle provides at |east two converging
exhaust paths, each of which extend through an area that is adjacent to

any acoustically absorbing nedia vf~resonating chanbers. In this. manner,
the noise is reduced at the nozz or out] et ortion rovides a tight

. d
pl ume of hiQYFFad FBW%";P“P .°'%‘?”e%'§?%ﬁ?‘§7’,°“‘l%é‘s StF gre rsl’&tb?qf@%t'ﬂ% one
openi ng t hahsont i iridpVecansith®1baddd SPBEBRAE inthédvedall helpht ofdhle RanldaGicEanaust

gases at the outlet of the nozzle. According to one enbodi nent of the

present i ntheneredimited to arelatixely lowsair distzibytion yslesity(op theprdes eflessthansaboutnd second
outer wal l ' %a-ﬁﬁg | Pﬁ’gm'ﬁémﬁn'xﬂ ' : kcal section
bei ng conc%(\ﬁljg?%%agr e ?ﬂﬁ%ﬁﬁgﬁ%ﬁ%n cal or sfa?ltgjftgﬁmg‘%ﬂ%hﬁg I nner
wal | s, 30 themiséhess geperatippaniyisignificans sdditionabnbise). (Therefossoeneedexists fopa dewideher , at

| east a poption _qf eac f e fli . S out e It sections

conpri si ng{hg{ cﬁ@?&%?%feeagmgrg?%l%oéf’?deg% grgkgtmdggegtﬂﬁer’%‘ °{Pp%€?r m%f it | et and
at | east oaml previdewkelatively high 4ir distiibution velocitypwittiont siding sipaifisintlyacgsteinher ef rom
a first outer sheath di sposed adjacent the portion of the first outer wall
section coRfi™ ™8 ng the perforated material to define a first outer

encl osed space; a second outer sheath di sposed 25 adjacent the portion of
the second outer wall section cor&pri sing the perforated material to define
a second oSVMMARY QEJHEINVENTION: | (st i nner wal | section positioned in

spaced yel ation  wi tﬂ;pﬁ%@ﬁwﬁaﬂmﬁfm%&&km{chmeFo%ppahl&ﬁ first

i nner wall section belng agpr oximately shaped as a partial conical,

cyl i ndri casuch@s ventilatiogpd ¢ fons. bBierngzdloprovidesct least two ginvergingeexbhusthe  f i r st
'? Ete(rareb\é\?l/vleganiﬁsgé%%?) gwcg%gdeﬁ@r ecel \§/§§}e¢§ %{aaﬁigzahjégéslte@)%gg% Jaﬂeyv g%?rltebﬂ\go rel ease
upwar dl y t hediagh reséretifg clatmbers.pbr thisimanoer| the hoisé/Wrddiic-d3:8 thé nbLle wiSGAE16651 - 3
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encl osexb sprexpening tharaliows forunshienvatinbspherid airaomixwidithe ealiatist gases sytevadetr €l at i on
withr espeg%thggot 1e second outer wall section, at |east a portion
. According to one embodiment of the present invention, an acoustic silencer
nozzle comprises: first and second outer wall sections each approximately shaped as a partial
_ conical section being concave toward each other, or cylindrical or straight on the inner walls,
20 and being oppositely positioned with respect to one another, at least a portion of each of the
first and second outer wall secﬁons comprising a perforated material, at least one first upper
| air ontlét and at least one second upper air outlet for releasing exhaust gases therefrom; a first
outer sheath disposed adjacent the portion of the first outer wall section comprising the
perforated material to define a first outer enclosed space; a second outer sheath disposed
25 adjacent the portion of the second outer wall section comprising the perforated material to
define a second outer enclosed space; a first inner wall section positioned in spaced relation
with respect to the first outer wall section, the first inner wall section being approximately
shaped as a partial conical, cylindrical, or straight section being convex or straight toward the
first outer wall section to define at least one first exhaust flow path therebetween adapted to
30 receive exhaust gases and guide same to release upwardly through the first upper air outlet;



of each of the first and second inner wall sections conprising aperforated
material, the second 5 inner. wall section being approxi mately shaped as a

partial coniwebiassal i ndrical, or straight section being ceewrwvssisssistrai ght
toward the second inner wall section to define at |east one second exhaust
fl ow path therebetween adapted to receive exhaust gases and gui de sane to

rel ease upwardly through the second upper air outlet, the first and second
exhaust flow paths converging; a second inner sheath di sposed adjacent the

portion of theaferinmeshenhdispoved adjakeht SR Pbirionofihy fRitiier Jall 8o SorhRtisig Rk
material (or other simlar rrgtagrial sych as_expanded netal,£ or foam to
define a seconBF’é"FfFFgrm%‘ﬁ%“}idg &3 dipst infep, grelgs FRagE: Aoteoens ineer iRl secéms posed
in the first d@%ﬁoﬁﬁqﬂ%ﬁ&ﬂﬁo@m&fﬁ&t§$€§&§n%msécﬁ&§5tl@a@{ja qgand

i nner encl osed spaces; at |east one first end wall extending fromthe
first inner wafficachofthp Brstand seepud inner wall setians comprising aparforated materislothé senendgases
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encl osed spacesectiin Hemgsonvex er stmighttotvard itk sectnt irmedt wallkectipnfts defink Atleseaend

basst n-t her eoiSFHR SRR P B teeh adbied B Seie bayisdases pad o e Semcro
exhaust fl ow peicaseppeardiyghroligh thexecond uppet £if outterthe Satlandsevod edhabst fidiv Saasond
i nner encl osed space tomgﬁsorb noi.se throygh the se,ctitons conprising the

per f orat ed nat BPYERINE S Se éP“%F"Pﬁaﬁhaﬂ‘msféa‘ eg} the portipn pf the secondbinprr vallet al

or foam ino delbncAPHdingihé perforiRARuaRHAN of Bkkr SmilBFhde; DR &RJdnld hifal THE
DRAW NGS The foregqi ng and other aspects ofthe present invention w |

becone appar enfr foam)dpfiefing asesopdinnergnelesed snaesy acpusticaliyrbsasbing medin dispasetint | on
when consi der ' ' ' | : QHQ& | ] .L.he

pur pose of ilﬁﬁgﬁgéﬁ%&?ﬁgﬁtﬁgﬁﬁg%#&t erggg%g%d%%agﬁgsf?%ﬁtngs an
enbodi ment t haleast eneffirst ensliwalllgxtendisgframetlic fiistindsewalbsectiod o the firstbptelwalkseetion t hat

i scl osed. 1 10fEAE ekt sl el et G i TR PR bt S AR ' ©°
acousti ¢ siisengath passing the first outarensloskaispace\and the tfite inhecaRivked spac)itil€xst one

i ncorporated into .an exhaust, fan; .30 FIG 2 is a,front crgoss sectional view
of the sil ence?cmﬂq‘gé&mp‘%@gﬁ‘?memm“mw section fo thejecopd oytgrwall section

PCT/ US00116651to confine gases passing therebetween within the second exhaust flow path, the second
exhaust flow path passing the second outer enclosed space and the second inner enclosed
space to absorb noise through the sections comprising the perforated material (or other similar

20 méterial such as expanded metal or foam) into the acoustically absorbing media.

BRIEF DESCRIPTION OF THE DRAWINGS
The foregoing and other aspects of the present invention will become apparent
from the following detailed description of the invention when considered in conjunction with
the accompenying drawings. For the purpose of illustrating the invention, there is shown in
25 thedrawings an embodiment that is presently preferred, it being understood, however, that the
invention is not limited to the specific methods and instrumentalities disclosed. In the
drawings:
FIG. 1 is a front plan view of an e)iemplary acoustic silencer nozzle in
accordance with the present invention incorporated into an exhaust fan; .
30 FIG. 2 is a front cross sectional view of the silencer nozzle of FIG. 1;



-4- FIG 3 is .a side cross sectional view of the silencer nozzle of FIG 1
as taken_along lines 3-3in FIG 1; FIG 4'isafrontPQ% ' of
exenpl ar WeHB8EE ¢ silencer nozzle in accordance with't gﬁf#gg‘nt
i nvention show ng the usage of a wind band positioned therearound; 5 FIG 5

Is a cross sectional view of an exenplary acoustic silencer nozzle of the’
present invention as shown in FIG along lines 5-5; FIG 6 is across

ovent | on as-shown TEICHT e e gt BemafiuSvofhe flendtP i ofFid e litmn Vi e
of an al t ealoag line 33E®IGNENt of the acoustic 10 silencer nozzle of the
present invention s | renot el y_positioned enbodi nent of a_fan drive;
FIG 8 is a front e{@ga‘{lgﬁﬁ‘%f’ggﬁegﬁg‘?mwa&%ﬂ%ﬁ‘k@"é‘i‘qz@ﬁl@’eﬁ“’?ﬁ@ﬂ e

i ncor por at Qethithd freAChViRtiofshoWinBthe e of a Hifich¥all® Posiionbd MerehiBudd: €S€Nt
invention; FIG 9 is a vertical cross section taken along line 9-9 of FIG
8; 15 FI® 10 is a fHGgPisarrasspectiopal view of an exsmplaryasqustic silencgrapzelgpfthef t he
enbodi nent. Whehtibnfa i E : i & a horizontal cross section
taken al oné’"ﬁ%u&ﬁe pipfbps g?” “@l‘%ﬁq(}.a&’ﬁﬁ}:‘%ﬁ BIION OF EXENPLARY EVBODI NENTS
AND BEST MODE The prEGefisatmsssedtional viswof aniexemplaryacanstit silencer hozele efthe10z z| e
for use w r [lation and exhaust fans. The nozzle
provi des a&’tﬁseetég'f -{ilmid% ag%%\%ﬁg%qsale%ﬁ%éssté%at hs, each of which extend

t hrough an area t hatFIiGs 74ds p doanplan viewsofl ancdllexnativesenibodingent 6 the acsifstic
resonating ghanbers. t hi s .manper, the noise is,redyced at the nozzle or
out Lot HhosHEERT tarle ot B pritelt iVepiioH AoBIRE AETRAIS, Paopel GRTod e o o

Pref erabl y drivéle nozzl e has at | east one opening that allows for anbient
at nospheric air to mix with the exhaust gases at the outlet 25 of the

nozzle. A first exenfiPard Sehiftant slevation,of;ap sxemplark appushc (sHenssy ozl
i nvention !i&ogp%mmnio&n&h&u&mmiﬁmméﬁmweﬂéMﬁwch as a radial

upbl ast, nixed flow, centrifugal, or axial exhaust fan, Includes a main
housi ng 10 havi ng a ¥IGa9 isarsttical crgss sestiorntakenalgng line2-P o HIG. 8;
15 FIG. 10 is a fragmentary vertical cross section of a detail of the embodiment

shown in FIG. 8; and | )
FIG. 11 is a horizontal cross section taken along line 11-11 of FIG. 10.

DESCRIPTION OF EXEMPLARY EMBODIMENTS AND BEST MODE
The present invention provides an acoustic silencer nozzle for use with
20 apparatus such as ventilation and exhaust fans. The nozzle provides at least two converging
exhaust paths, each of which extend through an area that is adjacent acoustically absorbing .
media or monatixig chambers. In this manner, the noise is reduced at the nozzle or outlet
portion and provides a tight plume of high velocity flow. Prefcrab.ly, the nozzle has at least
one opening that allows for ambient atmospheric air to mix with the exhaust gases at the outlet
25 of the nozzle.

A first exemplary embodiment in accordance with the present invention is
shown in FIG. 1. An exhaust fan apparatus, such as a radial upblast, mixed flow, centrifugal,
or axial exhaust fan, includes a main housing 10 having a fan housing 12 in the lower section
thereof and acoustic silencer nozzle 18 positioned above the fan housing 12 and extending

30 upwardly therefrom. The fan housing 12 defines a fan inlet 14 adapted to receive gases for



t hereof and acoustic silencer nozzle 18 positioned above the fan housing 12
and extending 3 0 upwardly therefrom The fan housing 12 definesag fan
inlet 14 adﬂgﬂgﬂmyb recei ve gases for WD 0l 11 8324 PCTNSORCTAHERYI66515
exhausting thereabove and a fan outlet 16 for allow ng novenent of the
gases upwardly from the fan housing 12 into the acoustic silencer nozzle
18. The acoustic silencer nozzle 18 dé€fines a first outer wall section 20

and a second puter |l sectign 2 | n eneral ly coni cal sectiogns and
bei ng concavée Ye,ana%&BPmE‘f&?PbﬁP&Wﬁﬂ‘?" ithe ases ypwardly BPRer  The
acoustic sil| apefh ho@ding 12 ik tHedcddsd siliite? iede 88.f i rst upper air outlet 24 and
a second upper air outlet 26 at_the uppernost portion thereof. A passive

zone section 28 defi ni FRf %oWHS silknsernopdle Lhdefines a it pufen wikseatipn2Otapden t he
first outer \ldud of@kdIREcrc28Bénd difierhily Bhickl BRAbnsahd belty{chitlave: dyiiical, N
e's outl et 26. THe

second outer wall section 22 and con upper air
passi ve zoRe argiaiglit avith saspect tooneidnothary Ty agonstic silancer npazled 8ifirther defies a first

cont am nat ed g | r t y routlets.. The passive
zone section %’3@? {ll%g%‘?%la? ?er%éﬁp nél(r% 8%%&&’8 Wﬁ%ﬂ?ﬁ‘&ﬂ‘f'ﬁ“&ﬁgﬁgd as a
coni cal, cyl izote sectidn 28adefising aipassive senetchambeb 68 Bdocard bawedar ths firsedugdttwaflaci ng
outwardly toward,.jhe fitst outer I ction 20. first_exhaust flow
path 32 is desﬁ"ﬁ’gabﬁ‘@t t“PF%“‘FP‘P‘@?*’P&ﬁ’@WQ&I*“EE@*ﬁWn serRmds i r st
outer wal | sagppérOsir 0tlet|26. The ipaisivar zoR® RGlies hib ForDMBEAg) By 2RREtidnSinkL el ON 28
defines a second inner,wall section 34 ich is shaped as a conical section
J s e

and is c&RvEoMRIRL ted through tae fwo upper e¥ets; on with respect to the

second outer wall sect{Ripasdwe dofe $2fibd'88 ZFRECORG: ﬁﬁé}a&&l‘ﬂltse&ioﬁ"ﬂo%ﬁ& 86

t her ebetween. At |east a portion of the first outer wa 20 and the first

i nner wal | 3Chensdpya eopicalacylindrical; on straightsection bing connen orstrajght facingubwerdly cel |,
e o PR RSlo kol 20 AT B
material . Fi risgersmliissstiandfandthe Grst cuter walhsecfidh 208 aainsiladinaymer; thel passiivezopat  t he
e O O ot Mot R4 e L o A S SR S Bl e iBe gl
partitions spaaas fickpobbeirdiaid il SacedpélionWithGespeSRdw skavbad dfteraidligéctiBfCl 0sed
spaces or Ch%ﬁ&?ﬁnzg’sec%gd ex'li')guestﬁg‘ggth gg]&lergge%ieeipaces 75, 85 have di sposed
At Jeast a portion of the first outer wall 20 and the first inner wall 30 cbmprise
a perforated material, such as perforated steel, fiberglass, or polypropylene. Similarly, at least
20 aportion of the second outer wall 22 and the second inner wall 34 comprise the perforated
material.
First and second outer sheaths 70, 80 are disposed adjacent the section of the
outer walls 20, 22 comprising the perforated material. The outer sheaths 70, 80 and the
perforated sections have respective partitions spaced therebetween thus providing respective
25 outer enclosed spaces or chambers 75, 85. The outer enclosed spaces 75, 85 have disposed
therein an acoustic absorbing material 77, 87, such as stainless steel wool or a fiberglass
material or any acoustically treated media. Alternatively, the outer enclosed spaces 75,85 can
each be a resonating chamber. The outer enclosed spaces or chambers 75, 85 are closed at
either end. As the air travels down the exhaust flow paths 32, 36, noise is absorbed through
30 the perforations in the surfaces of the outer walls 20, 22 into the acoustical fill material 77,
87.



therein an acoustic absorbing material 77, 87, such as stainless steel wool
or a fiberglass material or any acoustically treated nedia. Alternatively,
t he out er'W@P83ded spaces 75, 85 can each be a resonat PRHUSRASESEr . The
outer enclosed spaces or chanbers 75, 85 are closed at either end. As the
air travels down the exhaust flow paths 32, 36, noise is absorbed through 3
O the perforations in the surfaces <ff- the outer walls 20, 22 into the
acoustical fill materjal 77, 87. WD 01/18324 PCTAIJSOWL6651 -6 Simlarly,

i nner sheat hs 90, 95SuEplariy;iansyshegths, 30, 90 arsidispazed 3gjagegt the perforied seglipms on t he

i nner wal | 5n3fk indéwalls 36)84  respiively. TRe infét2heatid 0093 nd e pSRorattiflscbitfns

perforated sections have respective partitions spaced {herebetween thus
provi di ng rhe¥sespective partidons spaced therebetwsen thus providingnisepestivgrinney 2nclqyed i nner

encl osed s V97 dirhP aed 5 : -pi_ng
mat eri al gﬁ%g,oggﬁﬁlg@b%s@%, co%tx{tce &F;é g%%h%?%ﬁsﬁ%ﬁ?&g%‘giaﬁl ess
steel, HEi reeoustic alsotbingomatexial 94,89, ghches plasticeeoatet orgalvanigedssteel) sthinlteed stegl, t r eat ed

nmedi a, and na | sQ inglude _a.chenm cal resi.stant, w of barri.egsuch as

iae oo ik, or bR kA b iepls RS bR 0A AL R may Bl O 2

KIDi sture, Cul‘cheﬁicﬁl résisant afapufhah&h-l klmbas'rﬂylh:hpblﬁﬁﬂmtjotﬁinﬂmﬁ?ﬂahb pRvertavity.
ternatively, t i nner .encl ose aces 92.. 97 .can eac e.a resonating

chanber . THEAHSHRANES SRURTE.T SRmiling 8 1% agpys g material of Y o

ei ther end. Af¥indtivelyothé inhérduélbsed sjaies 92/ 97 cal ¥deh b & rebdn@ithgthhMiBer 3The igfer NOi S€

I s absorbed through the perforations in the surfaces of the_ inner walls

30, 34 At enelveed:patss of chambess Og, F7Are plosad ab sitheg end. pAsthe plxRYels doven el es i n
the perforataehsRGH ?&as ) as,tdoisg;sgaga&méatmaﬁgﬁ e perfRfionsiithe %&t@ﬁgﬁﬁa

t hereof and are approximtely 3/ to 1 inch in dianeter,
per f or at ed isesrtwalls 30,84 ingo the acoustical flhmateritl34:9%0 to 100 percent of the

| ength of the outer %%?‘Béﬂm‘eﬁf&i‘&%gﬁ%ﬁ%ng‘%g‘t"%{m? R t ake the

formof two end walls positione ween i rst
i nner wal | oftictarearthedébf anichre dpprokimately 3132 te i inch inldisnetsr,iapdithe p@foratddsemioand wal | s
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20. These end walls as shown in FIGS. 5 and 6 aid in the definition of the first exhaust flow
path 32, In a similar manner, the second end wall 40 which may take the form of two second
20 end walls 60 can be positioned extending from the second inner wall section 34 to the second
outer wall section 22 to facilitate defining the second exhaust flow path 36.
To facilitate the flow of air to be exhausted through the first and second
exhaust flow paths, a fan 42 may preferably be positioned within the fan housing 12. A fan
is operatively connected with respect to a fan drive 54 to control oper.ation thereof. The fan
25 drive 54 may be positioned within the passive zone chamber 48 or may be positioned
externally from the main housing 10 of the present invention as shown in FIG. 7 or entirely
below the nozzle section. In the configuration shown in FIG. 7, a belt drive 56 may be
included positioned within the passive zone section 28 and may be operatively secured with
respect to the drive 54 which itself may be secured with respect to the outer portion of the

30 main housing 10.



To facilitate the flow of air to be exhausted through the first and second
exhaust flow paths, a fan 42 may preferably be positioned within the fan
housi ng 12. WOA824| s operatively connected with respect PETHSIQG6]rive 54
to control operation thereof. The fan 25 drive 54 may be positioned wthin
t he passive zone chanber 48 or may be positioned externally fromthe main
housing 10 of the present invention as?shown in FIG 7 or entirely below
the nozzle section. In_the configuration show in FIG 7, a belt drive 56
may be included posi tiTorfaeli@iermixisg of thepxbaisipd gasowith the ambisat ergirasmentihy be
operatively s s\ it -kl ?@%eﬁ ' f

secured with es%gg?ﬂﬁ%n%%ﬁ?)’ﬁ% rsx{pl)‘gire??%ﬁ&gw,?ﬁgﬁlg %ﬁﬁﬁﬂ%l&glﬁ%ﬁs@@ WO
01/ 18324 PCT/ u8bs¥sp86® the upper tad dfthsiakoustic slewdermonzle 1. Prdferaldy tzwindbandd4 wi t h

t he anbi ent epwi ] 0Sd. L1 on
vertically ex?‘\éﬁ‘éﬁ?ﬁgﬁgﬁ@%ﬂ%@ﬁﬁ%’é%ﬁ%gﬂ%@e&. néﬁ*ﬁg&vsﬁﬁﬁle?cgg'b%%fl?o t he
upper end of bhe wieihasd bracket 46cInhis mamser,lwhen gdSes art exhased thyough ke frétnppeband 44
is located in_spa r tionwth respect to.the puter wallgs of .t

hcoust i si | oA 8RS 48 S Rassoiipiel ot SR A ot Vil indibediB 805 48 b e
when gases ar @ bguhionssediriwil sisgbe ihduged to ok FTORARY passiVezomdithhriber 28upiiskly he
second upper air, outlet 26, . air will be induced to flow as shown in FIG 4

by arrows 62. 2ashowRibyargy &3 inje the contamipated gasps bing exhaustad theppgh the dwo ypper

chamber 48 upvgaidl i facilitat® DMK tHdrewitl. PhefErably Hnibidnh'ar ARES Wi BetAdudiRgss Dei ng
exhausted through the two upper outlets to facilitate m xing therewth.

Pr ef er abl y10 aipmediatelyuponmousmentiof the exhausting gasesontgrdly through thevpndt eutlets 4 upon
and 26, The vk o RESATtnf 32 S Bl tielcls Gl RREER MO U1
conver gi ng f | éolumgyframiby plimannexhisust padisagewgy.exhaust passageway The cross
section, shoun 11 1 G Sk eeRCRBAEUBHA e Mol SRR sS4 0
of the 5 fi restendingplaretwithirespeqoad the didssaautioh sowadCFIGI2. exssaths the khapeopibé h 36
mvar dl -t ot eRg S B o f peeppebait ok pith DE P72 Shminee. 3. 3
in FIG | and pagliéuidvérh@l shierdig indined ReArdBf towil@ tHelpasiive 30k, REEION, @ d
wal s 38 and 40 are shown therein. These walls show a configuration with a
first intermediciisalong lines 3-3 in FIG. 1 and as such the external surface of the first and second end
walls 38 and 40 are shown therein. These walls show a configuration with a first intermediate
point 50 positioned in the outer wall of first end wall 38 and a second intermediate point 52
20 positioned in the outer wall of second end wall 40. Thus we see that the cross section through
the exhaust flow paths are as shown in FIG. 2 when taken through the central portion thereof
and tend to assume the shape of the outer surface of the first and second end walls 38 and 40
shown in FIG. 3 toward the outer peripheral edges of the first and second exhaust flow paths
32 and 36. The usage of the conical sections for the walls defining the exhaust flow paths is
25 important in view of the high volume of air flow which is encountered by such upblast
exhausting systems. '

The exemplary apparatus of the present invention can include two or more
vertical flow paths and thus two or more tipper contaminated air outlets. The present invention
defines basically one on one side and one on another with a passive zone therebetween. Each

30 ofthese can be divided into multiple sections such that any number of individual upper flow
paths can be defined positioned circumferentially about the passive zone. |



poi nt 50 positioned in the outer wall of first end wall 38 and a second

I ntermedi ate point 52 20 positioned in the outer wall of second end wall

40. Thus We 08324 hat the cross section through the exhZGZUSMSGHFIpat hs are
as shown in FIG 2 when taken through the central portion thereof and tend
to assune the shape of the outer surface of the But and second end walls 38
and 40 shown in FIG 3 toward the o8ter peripheral edges of the first and
second exhaust flow paths 32 and 36. The usage of the conical sections for
the wall's defining tRursgopsrmiion of thesilspaenef thepresentjinyeotioma a primary sirew off  t he

hi gh vol u ) [ ' | 3 Gh. Hpbl-ast xhausting
systens. ‘rlr'ﬁ%‘mé)((ﬁérrbl ar?ﬁaﬂgﬁ;&g‘ttglﬁ};?ﬁg{lﬁggﬁ 2@9\/‘5‘?\1. ‘ontgm?ﬁ% de two
or nore veambien fluidjinthe pmasphese)and preferablyoupao alBuE6600 fémino Thembvenhest ai r

outlets. T -I%g;g‘g! VSRt fines basically ope on one side gnd one
on anot herh@me% a’ passl ve z%%%?%%ﬁ%@%ﬁ’ﬁé%ﬁ?%%%@‘ﬁ“ﬁ?gﬂsﬁw e

di vi ded Bntfiuidris draval feorn dhetambient Auid bf thé stmosphgrenunber of i ndi vi dual upper
flow paths can be degfjn ositjoned circu tially, about the passive
zone. WO 01/18324 P ISMM“B'&°Wf‘r?§‘g%§%sgf?‘1¥ﬁ’g5fan%‘%kq%ﬁ@er of
t he presentexhawepluin@nighg which@h\createl £iient of dir of the (ORded of aliotf) BitSfedt sgOVES at
a velocity ‘Sf at | east %Eguhaggm ftl/, n_{],\é\gth regﬁfct to the anbient
fluid in tHEABEFRIEHARE 2 Rdowl PE?W&HPV- helps 3o dilite effuent px fumespriorhe
movenent  of 1o réié¥e iftfoithSHtniosphére dits Offectively Minfizg PoNGSH a}&.‘ O a
manner so that a ,secondars)? stream of él|j’5 f 1 ui dgyg_dr% romﬂ%%g&ggrl‘gi ent
fluid oftO HuehethsieMYere. 1t shoul d be noted that the exhaust paths 32, 36

converge in order toak paT=Y) gay.ﬁ.% I EE%E.IH ich can create a
current of air on the orger graﬁﬁout %éf{e .%_maﬁ%@%‘“ﬁm’ﬁ@ Bt about
250 8/ mi n iascerdanck with the présent intventiop isdescuiibed with resriettie FIG. 8: THe appasatya110r  t 0
rel ease int t m@, ffecgtjive \ Ri-ml zi ol lution problens
with ext ren%lsyi’gsfglzl gE g%??%?ency&%ﬁ%ﬁ %?%@T%png@gﬁﬁwg{mé%&e '
conpri si ng base bi2arslandnietiduetr1d € extemiinglteorieside a£ the akingdd4 Homlthd ilNerigtof s ent
I nventi IS riQed w,th ct tp, FIG..S.  The a .atus 110 has a
base 113 e R s e el B om e coiinel e R T PR Humiiack 4
nount ed on érmoezzid BSgankitappiny e Gihansoitadk iclathing OGS ke Belicalstape ONe si de of
t he ‘casi ng 114from%he_interior of a o

imilarto t_he above embodiments, a portion of the inner and outer walls of the
stack or nozzle 118 comprise a perforated material, such as perforated steel, fiberglass, or-
polypropylene. First and second outer sheaths 70, 80 are disposed adjacent the section of the

20 outer walls comprising the perforated material. The outer sheaths 70, 80 and the perforated

sections have respective partitions spaced therebetween thus providing respective outer
enclosed spaces or chambers 75, 85. The outer enclosed spaces 75, 85 have disposed therein
an acoustic absorbing material 77, 87, such as plastic, coated or galvanized steel, stainless
steel, mineral wool, or a fiberglass material or any acoustically treated media, and may also
25  include a chemical resistant wrap or barrier such as mylar, polyurethane, or similar material
to prevent exhaust pollutants, moisture, or mold from accumulating in the acoustical material
or cavity. Alternatively, the outer enclosed spaces 75, 85 can each be 2 resonating chamber.
The outer enclosed spaces or chambers 75, 85 are closed at eitherend. As the air travels down
the exhaust flow paths, nmse is absorbed through the perforations in the surfaces of the outer
30 walls into the acoustical fill material 77, 87.



15 building (not shown). Mounted to the top of the centrifugal fan casing
114 is an exhaust stack or .nozzle 118, and topping the exhaust stack is a
ring 120 of MO08$34 coni cal shape. Similar to the above enfd@IMHeL 5
portion of the inner and outer walls of the stack or nozzle 118 conprise a
perforated material, such as perforat e9d steel, fiberglass, or

pol ypropyl ene. First and second outer” s‘heat hs 70, 80 are d| sposed adj acent

the section of the 2 0,0 £, wall.s co erforate terjal. The
outer sheaths 70, 80 EH“@“B%"FFWE{@;% @%P?H@ ee%zﬁig’?frg\?%cmns
partitions spastd iffervellet THRGhnek Bmpﬂmwscﬂnﬂ@xerﬁﬁ@ﬁﬁﬂlsd&ioﬁhtﬁa% respéefilosed
spaces or chanbers 75, 85 The o ter encl osed spaces 75, 85 have di sposed

therein an aPBUYQDS EPagesiihsreh PYifling fespegtive innes enclpsed spaces prehambess ed or
gal vani zed st eghy, memn@}&assedsﬂaeébz 9%%&%%@9&&&%@&%5&&@%&% erial
or any acoust i cal | y treated nedia, and may a 2 5 include a chem cal

resi stant Vi aPd.89. sixdyas plesticengetnd qsﬂmdmﬂmwre%mnﬂd wogl, erialfiberglaat er i al
to prevent exRaligh op %'%ﬁ@aﬁ{/t_r&%dﬁgﬁ{aﬁmd Qfa?r 79 @ﬁﬁ&e%rpthéﬁiﬁéi Q@ils%ie \grgg Lh the

acoustical matert al r cavit rnatrve e outer enclos paces
75, 85 can eabdmitresugh ae suylast poiglmlmecbarslmuiihmatmﬂeo peverdt ccsttsptﬁlneatspr

chanbers 75, 95 are cIo r tra down the
exhaust fl ow Bla1 ggro %“gﬁ%’&%“g‘ﬁa ﬂ@ﬁa&* Beﬁ'éa“vﬂy’tﬂee
surfaces of thmmtleied spaces 9297 mmmehmomﬁgrarmat 'Ihe hherrmt:lefeﬂabacw 87.
WO 01118324 PCTIL USDO/ 1.6 Siml| s.inner sheath 5 are di spose
ljacent tH& p‘é‘r"‘lhﬁ'ﬁg“t'%%2 §ZE’FF’8FF§‘“8W°&% ‘f\ﬁ P‘r\'i%Yelsss"% Jpehishs 90,
95 and the pendiyisdbestbediRiohgthe ﬂ%ﬁuﬁummﬁsﬁumesomxwwmms 8 eQ@Alstical
t her ebet ween thus providing respective inner enclosed spaces or chanbers

92, 97. The i {ll gategal 4% d spaces 92,97 have disposed therein an acoustic
absor bing mat erial 5 9he9§en§mde.§ snwﬁe@m&opru%m&vﬁ@hﬁ eel,

stai nl ess steel, m neral wool erg ass material or

acoustically 126diajouthaled di bpmwhmkaly 128 mmtmmﬁuntlrﬁmd:aﬂendemthmahﬂ wr ap
or barri I Fieg] I vent
exhaust pgﬁ u}fi’gﬁgﬁlﬁ%r S “G’fg’éq‘é Xl%n%; Iﬁg&?ﬁg% xEccurru Pg‘teebeilt%ottﬁ%nggghst i cal
mat eri al or cmoiot §24. AlssmwmnF!ﬁef)whﬂﬂémoumaecenemabmwlapmﬁsmgﬁm@k can
each be a resognati Pag chbaglﬁtﬁr . .Tr}?ﬁi H&F{z encl osed spaces 10 or chanbers 92,
97 are cl osed s BFAARFOUHYS RO THES 6 ravel s down the exhaust flow
paths, noise is absor Ifré cisligouglindliiRs Rakciolll BRI AftSundihgt the iipblitAC38Sadl t he
inner walls into the acousti cal
interrupted by discharge port 144. The scroll 132 includes a cut-off 134 near the discharge
20 port 144. The casing 114 also includes parallel side walls 136. An inlet port 140 is defined
on one side wall 136 of the casing 114, and connector flanges 142 are provided to fasten the
inlet port 140 with the inlet duct 116.
Thus, the spent gases containing airborne contaminants exhausting from the
building through the duct 116 enter the casing 114 axially relative to the impelier 138, and the
" 25 airflowis accelerated through the discharge port 144. A diffuser tube 146 is mounted to and
communicates with the discharge port 144. The diffuser tube 146 is in turn connected to the
bifurcated duct 148 by means of connecting flanges 149. The bifurcated duct 148 includes
passageways 150 and 152 which are generally paralle] although they, in fact, converge slightly
towards the outlet. A central opening 155 is formed by means of inner flat walls 154 and 156

30 defining the passageways 150 and 152 respectively.




fill material 94, 99. The base 112 includes a frame 122 on which a notor
124 is mounted. A shaft 126 is joumaled in bearing brackets 128 nounted on
the frameVPHBRY extends within the 15 casi ng 132 in FCTAS001668) ey ed
manner. The shaft 126 is driven by a drive belt 130 taken offthe notor 124.
As shown in FIG 9, shaft 126 rmunt_;?a centrifugal inpeller 138 having

multiple vanes rotating about the i's of the shaft 126. The casing 114

i ncludes a scroll 13 ' i Ll ered3 d .interrupted by
di scharge port 144, %ﬁ%@?ﬁ 1 fg'?ﬁldlogi)agggdélgu?“fa(;??arﬂ%nmﬁgﬁfr‘hetuﬁﬁﬂ
136, A0 i nl g1 oLt 1d0eg ““ﬁ‘?‘“m“m@mz“mhﬁ“zéﬁﬁg'? o aahg 114

. An in ort . i S ned.Qn one; side. e casing :
and connect%‘?a"ﬁugﬁagg ?Affmﬁ%ealbﬁ‘ﬁ UFRY °pd0 1"53’(‘%‘?“ uct 148. An agaglus 1040 wi t h
the inlet disdérmbd betwédiithSring 120 and ehatringaéEs contai ni ng ai rborne contam nants
exhausting fromthe _buildin uct ll6ent er t h

t.hr o .ht hed ]
e casing®l 1 4 vy rel HI?RF?“PB%?}E‘H"H?H*E&“’EBQ}' motag 12 evill eavyihe exhapggyy | s
accel er at edggsJ__rgrﬁmg et ﬁiﬂdﬂk%ﬁﬁhﬁﬁ aB6rhe détbmidhnty “oﬂ%l?g)e;fd%&plel IQSAa?;d iuﬁmm)unt ed
| u

to and communi cates with the discharge port 144. The user be 146 is
in turn convrevardlyintoshe stack oppozele & i by first passing theougl thediffaserand henthexdoubleg

(on0eS o4 Spastiudy IS0 621158 AHElockibl o BELAGT 14 ARCRIAFNANS b afeiifly |2

whi ch are general Ily- paral I'el althoug ey, i convérge
t owar ds t heofdhe sceall 132 relative tethe stackar nozzledd 8, pernhitsreyecdisibutioa o the fir flower f | at

wal l's 1 el : 50 and 152 regpeciively.
WO 01/ 13%2?1iﬂ %ﬁ%ﬁ%%ﬂg@&ﬁ@%ﬁgs gﬁﬁ%ﬁwy@imf@%ﬁﬁwports
158 and 160thepetletipérisisd and 160t relatively highoveldciof dndeaise hmbiead@ido B¢ Eiduckd 8,
conmuni cat i n ith pa ewa 5Q.and 152 respegtjvely. . An annular ring
162 ext ends"aoout™ f%ﬁ%w%ﬁb‘%wbmﬁ%%wﬁf@@%@%w%m| us 164
is formed between th@hé pregent ivedtivh providésithd)advartaged of Toved? Qfadlt h&Pht dnli€

by notor 124, wil] .draw t he exhaust gasesS fromthe

i npel | er 138, driven ) .
bui | di ng com%ﬁ# %i HISOFTIEnt SYRRUoRMHBIMmIZes the siaticpressyre logsinthesygemipad t hen
upwar dl W si Ninéreisacat@hi@ikn SVer MFiEAIRilche& abiKe fil é%exmﬁh%résbﬂtmwﬁﬁohgﬁodi ffuser

and then the double passageways 150" and 152. The'l ocation of the casing
114 and, i nPTR¥iAes greates accessihility #q iateriar nags (.g., a motor) for inspection. ' '

It is contemplated that the nozzle silencer of the present invention can be used

with any type of outlet. The fan, motor, and drive can be located anywhere. The present
invention can be used with fans of various types or other such apparatus that emit an exhaust
20 ata velocity of over about 2000 ft/min.

Although illustrated and described herein with reference to certain specific
embodiments, the present invention is nevertheless not intended to be limited to the details
shown. Rather, various modifications may be made in the details within the scope and range
of equivalents of the claims and without departing from the invention.




of the scroll 132 relative to the stack or nozzle 118, permts even

distribution of the air flow. | 0 into the diffuser and through the

passageways wib@/asd 152. The spent gases exhaust through priveseeéset ports

158 and 160 at relatively high velocity and cause anbient air to be induced

into the annulus 164 to mx with the airborne contam nants and, therefore,

dilute the exhaust. The present inverdilon provides fﬁ€7§$ﬁﬁﬁ7nﬂﬁrfﬁ—+omer
he

stack height and increased safety. The present inve umml'm ¥

static pressurWhdt sztaimed:t he system and 1.5 increa ' Y j Wmm"ﬁ/er a
typi cal silencer at the higher velocity. The present inventich & se

provi des greater accessibility to interior parts (e.g., a notor) for

i nspection. 1. iAh KentiesRhdt fekzlekampddig: N0zzl e silencer of the present

i nventi on can be used v¥1th any type of outlet. The fan, notor, and drive
can be | ocated anywher & rstputeppalkisstion and g second gytes avall pestioneagh appraxithately of

various types L ; ; ] at
velocity of osg%?aboﬁ?mg%%gm 1‘@?/@ @rﬁhﬁﬁ Ue;i\?% E%‘E‘gﬁ@M&“ﬁé@gﬂ&gnbgégé’g@rﬁggd
herein wth r@patiensd with respest o apganother; atfléast a porrivo df eachiofthe filstangd seesreduter

I nvention i J .00t , | |t to the detail shown.
Rat her, var]§03§M r% Pﬁ%g@fl%%a#r% e nﬁ%‘%"?ﬁez{s %nedﬁégmega'ﬁﬂ‘%ﬁf‘%tahéa%cope

and range of opesecoral uppersiroftldt fiy reléasingextand gases therefromteparti ng fromt he

i nvention. WO 01118324 PRCT/ US 6651 Mhat is clai oo~~~ | f~~l #} ~~~

| 1. An acoustic silend ﬁ%{?ghg‘{&%ﬂ’ﬁﬁ]dgfbﬁ'&“ém?m%n%g’?gifﬂmflwagéﬂ%n and
a second out ecomprisingIheperforaredaniterialp defirersHire loiter énbRRARpas; a partial coni cal
section being concave tomarg eac er and. being oppositely positioned

ot
with respect to one andtSferd o%ec ?é%&sl’é’s liapsghthg portigr of thy seeond opter wall and
second outgy &m&mhmeﬁ&mm&ﬂﬂt@d&ﬁéiwc@&méﬂ at |east one
all outrat for

first upper air outlet and at |east one second upper

rel easi ng exhaust gased®firtst mnerwallsectign pysitionedin spacedstlationwithirspmtiodaid fjsac ent
the portion ofudiGafsefih : AW S| the perforat ed
material to define a.@réﬁﬂﬁéﬁﬁgﬁlﬁgﬁx%%ﬁaa@% aa@éncsgar?ﬁd o] ?gaﬁg’éfh

di sposed adj aeemeal,chlindgicaland straight sektiondbeing nohvexdratraiphtitdward said first outer wall

section to define at least one first exhaust flow path therebetween adapted to receive exhaust
15 gases and guide same to release upwardly through said first upper air outlet;

a first inner sheath disposed adjacent the portion of the first inner wall section
comprising the perforated material to define a first inner enclosed space;
a second inner wall section positioned in spaced relation with respect to said
second outer wall section, at least a portion of each of the first and second inner wall sections
20 comprising a perforated material, said second inner wall section being approximately shaped
asaoneofa partiai conical, cylindrical, and straight section being convex or straight toward
said second inner wall section 1o define at least one sécond exhaust flow path therebetween
adapted to receive exhaust gases and guide same to release upwardly through said second
upper air outlet, the first and second exhaust flow paths converging;
25 a second inner sheath disposed adjacent the portion of the second inner wall
section comprising the perforated material to define a second inner enclosed space;
acoustically absorbing media disposed in the first and second outer enclosed
spaces and the first and second inner enclosed spaces;



'10 section conprising the perforated matertat to define a second outer
encl osed space; a first inne sitioned i rel ation
with resp@gt""{’g"%ai d first B ml!ﬂmmmmn said fi Pﬁﬁ?@ﬁgﬁlm' |
section being approximately shaped as”onk df a partial conical,
cylindrical, and straight section being convex or straight toward said
first outer wall section to definelZ2a |east one that exhaust flow path

t her ebet ween adapted to receive exhaust 15 gases and gui de sane to rel ease
upwar dl y through saiatlenstone finstxnd walliextending fsom said first inperi wallsectiohaasaid di sposed
adj acent t il seBfonlth Sorbl i I risl e -

per forat ed%‘g%?@%gﬁ to Oggp?%@éﬁ%ﬁ%?%%ﬁgjf&éﬁc %@@%@%ﬁ@“@‘%@%d i nner
wal | sect i pathpsaid finstoexbahist flow path @assing [tixt firstouter ehclosed ppact abdthe firg inneecond

outer wall section t .| east. orntion of each.of the first and, second
i nner wal | °’§°Z%ﬁ={‘ ghese ‘%fﬁsf@%?‘?’&ﬁgﬁs" ‘he ﬁ%ﬁ?’gf%m%?ﬁﬁm%ﬂ’%mnd i nner
wal | secd i ¢he dosustichlis@bsocbihgméedid; yndhaped as a one of a partial conical,

cylindrical, and strajght secti.on, being convex or, strajght toward said
second inner wal | sé’é[egﬁﬁn‘ﬁﬁ%f’%‘ém @&?@déﬁeﬁﬁi‘ﬂgﬁf EHIOP Gy pat h

ther ebet weggy sadadbiter whll 5RESH ¥ oRfihAgESEs )ﬁ;ﬁtb&@&tﬂéﬂn@@iﬂﬁﬁ%d §Qokf! ease
utle

upwardly through said second upper alr o , the first and second

exhaust ~ f | e¥haystfiew rathysaidsgrond exhaust fow path pagsingithe secandoytenenglosesispacg andij acent
the pOr U1 Ofedlecl ifirhC ibskd'Hidke WRubsort™ B6Ld BRugR MY Lkt {dhfprBRE ' At e
material to define a second inner enclosed spae; acoustic y- absor bi ng
medi a dil & p@exierated matgriakinto she agenstieally gbsgrhing medizonc| osed spaces and the first
and second inner enclosed spaces; WO 01/18324 | 111LLLL TR0 ~11 LE~00 111"
11" PCT/USOO 16651 -12 at |east one first end wall extending from'said
first innerR. Tht hozizeréording © ciaim d, whereis the perfaratedmbterial eamprines one of staélj ne gases

passi ng therebet wee ithin said first exhaust flow path, said first
exhaust flg-\r)?ftﬁgf% \ﬁﬂﬁﬂ’y?% first outer enclosed space and the first

i nner enclosed space to absorb noise through the sections conprising the
perforated erial int 5 the_ acoustically, apsor.bi ng,.nmedia; and at | east
one second 3e eﬂ%ﬂz‘eaé‘ief‘g?ﬁj?ﬁ Fo‘?ﬁ%’?@e 3% my ?f‘"@@éﬁ%ﬁ_"?o. sai d
second out §lasi@chatéifrighRahited stell\$thiMessGREL MireAb WbélJankd RFIbEIRREYRGEAN t hi n sai d

second exhaust flow path, said second exhaust flow path passing the second
outer encl osed space and

15 4. The nozzle according to claim 1, wherein the acoustic absorbing media further comprises
a chemical resistant wrap or barrier.

S. The nozzle according to claim 1, wherein the acoustic absorbing media comprises at least
one resonating chamber.

6. The nozzle according to claim 1, wherein the holes in the perforated section constitute
20 about 20 to 75 percerit of the area thereof.

7. The nozzle according to claim 1, wherein the perforated section covers at least about 50
to 100 percent of the length of the outer and inner walls.



t he second inner encl osed space 0i se through the sections
conprising the |o perforated [ L) acoustically absorbing
medi a. 2. Theo mo®aise according”q s= Hln t he perPCPUS00AS6SaL eri a
conpri ses one of steel, fibergl o wpﬁopylene 3. The nozzle
according to claim1l1, wherein the acoustlc absor bi ng nedi a conpri ses one of
pl astic, coated or gal vani zed steel, sl3inless steel, mneral wol, and a
fiberglass material. 15 4. The nozzle according to claim 1, wherein the
acousti c absor®i iye nezedic acdording te claim bpvliesasthe flow hEfidid through tesiranhd weeHd Of

barrier. S Th ccordi.n a|m1 er.ei.n bsor bi ng
medi a conpri ses Q%F@hgg%gp ’m‘g‘é%ﬁg% HARpRy= furgher ‘%°%Fé“&'& BF‘dl ng
to claim1, whabiénnatiogpharel es in the perforated section constitute 2 o
about 20 to 75 percetst of the area thereof. 7. The nozzle according to
claim1l1, wherein the perforated section covers at |east about 50 to 100
percent of the, I,ang&l&,sgfanta $leBprdigg: | Nner wal |s. WO 41118324

PCT/ USOO 16651 &l1 e’ S 13- 8. The nozzle according to claim1,

wherein the3f| ow of fl u( mﬂﬁr"ﬁ%ﬁg‘lﬂ"f’ﬂéﬂﬂﬁrst and second exhaust paths sets
up aspiration in iich a MannSnRubaity'adi Hero eale 8 ok ihihulin 4310

from ambient atnobsphere. 9. An exhaust Tan apparatus conprisi (a)

mai n housi ng dampitiesiofypel air tod ewbanstedigndief i ning a fan inlet to receive air
to be exhausted and a fan qyi, S d an
acoustic sillencernozzle acco%‘%l ng @n&%l%%&f&dﬁgtlo?ﬁgﬁg qﬁﬁ%ﬁ”ﬁ'ﬁ@?‘ﬁly above
said fan hou5|abgvessulfmmwng,mdSOW{!ﬁhnmnmIzbémgnhﬂmdg]omohhmnﬁaﬁohm
comruni cat i,Qn Qs Qu th ough said tlet to receive
exhaust gaggs dere ojmn‘?&:?“g&xpeﬁ‘ ﬁ%ﬁg %‘%Sﬁfﬁt’%{"%%{m ling 6w pat h
i s adapted to receive mmmmmhéwmwﬁmnda&ﬁ@dm&dﬁeﬂﬂds:gweﬁﬁoﬁaﬁe to

releaseuwardl hs d first_ upper outl et
P said ftan outlers and gx?ilde same to releaspepupwardiy through said first upper air outlet;

wherein said secotid éxhaust flow path is adapted to receive exhaust gases from
said fan outlet and guide same to release upwardly through said second upper air cutlet; and
15 (b) a fan positioned within said fan housing and adapted to draw air for
exhausting in through said fan inlet and expel air for exhausting out through said fan outlet
into said first exhaust flow pafh and said second exhaust flow path.

10. An exhaust fan apparatus according to claim 9, including one first end wall and one
second end wall and wherein said acoustic silencer nozzle defines one firstupper air outlet and
20 one second upper air outlet and vherein said first inner wall section and said first outer wall
section define one first exhaust flow path therebetween and wherein said second inner wall
section and said second outér wall séction define one second exhaust flow path therebetween.

11. An exhaust fan apparatus stcording to claim 10, wherein said first inner wall section is
25 inclined upwardly and inwardly toward said first outer wall section to taper said first exhauist
flow path to a smaller lateral ditnension in the upper area thereof, and wherein said secand
inner wall section is inclined upwirdly aind inwardly toward said second outer wall section
to taper said second exhaust fl6i path t6 a smaller latefal dimension in the upper area thereof.



wherein said second exhaust TTowath is adapted to recei ve exhaust gases

fromsaid fan oqutlet and gui pwardly th | d second
upper ai VMR and 15 (biﬂmﬁﬂm mu“mmmd within sgeﬁggbgaé%gum ng and
adapted to draw air for exhausti®ng*in"tHrodgh said fan inlet and expel air
for exhausting out through said fan gutlet into said first exhaust flow °
path and said second exhaust flow path. 10. An exhaust fan apparatus

accordi ng t @2 CAfiih ' WiTe TR oo | hedBh ka econd.end wal |
and wher ei n?éa}i d acl(%jgtniqgé sil enger n%gdz{lé;ncf???nes (L)arlléeiﬂ'glur?‘g% 'upﬁgcgmgilsr out | et
and 20 one insipesvpwardheand inwardly toward saiddirstinaemvall section tof tapes $aid firseeichanat |

section and Gt b Sinafid Iy | one fjrst .exhaust now path
t her ebet V\eeﬁagﬁg‘h\kgérel n gag&%lv‘@é%%%gﬁ{r?ggﬁva%egﬁm%@?‘?do‘ﬁﬁeﬁﬂsaé‘gﬁ° cond
outer will outetwalhsegtidn isinclined upwardlychndimeandly tdwaed'saftisetont igieERall WRGsh  11.

An exhau n_a r at oCcQy i cl aim.10 erein said first inner wall
section |Sst‘s %ga?eﬁgﬁ?sﬁg?f‘ %‘333?‘3%;7%3{‘?3"?%%?%“ SRSION 4N e ERper eptherefy) |

section to taper said first exhaust flow path to a smaller |ateral

di nension in,the er area thereof, gnd rein said second inner wall
section is ?%me %Pl’sm'a‘swv@}“&“ﬁmﬁ?ﬁﬂéﬁ. @%GW%@SMP@ section
to taper sakcifcuntferemihllgxfonnidiaid fighipper dir dubletant BB s&bnd @pef 8 ol BRALN N

t he upper area ther eog WO 01718324 11111111 1111 HE 11111 11 1111

PCT/ US00/ 16 BBPET BOTHoR, ok said acqustig silenser nogrls, paid wing band satending vertically dhhip t o

cl ai m 10, WHRR Rladh dith rdspdet 1 EppUAI of S bidllstcilerdcBFAdAE t MBWR'Y Y and
inwardly toward said first.inner wall section to taper sal I'Tst exhaust
f1 ow pat¥ t oy oferyirprrpental ges feom thembalewy tormik with prd dilutedhe gases heinpexhandted and
wherei n sai SEldl (Sl t.ned upwardly and i nwardly
toward sai dﬂgIZl%gﬁgﬂ?r?%%\/\/gWél’ect | gn&gdthgpc%%glé#&gai d second exhaust flow
path to a smaller lateral dinension in the upper area thereof. 13. An

exhaust fan,gappar according to claim further .inclyuding.a w nd band
posi t i oned ‘%i@%ﬁﬁ%ﬁpﬁ%m%&W’%W?ﬁbﬂ%&“%m said -
second uppesecafed whhiréspect anadidi deoustit! pifeaterMOzAd M8 afichedwvith RERETS bdid $irddencer
nozzl e, sai 1 nd band extendi ng vertically and inp spaced relation with
respect to gfﬂ‘ﬁ?ﬁ%ﬂ%‘%ﬁé@%‘??‘ poustic silenprpgzle. t o i nduce the 7.0
flow of environnental gas fromtherebelow to mx wth and dilute the gases

bei ng exhausted fromsaid first upper air outlet and said second upper air
out| et . 15 15. An exhaust fan apparatus according to claim 10, further comprising a passive zone

chamber positioned between said first exhaust flow path and said second exhaust flow path.

16. An exhaust fan apparé.tus according to claim 10, wherein said first outer wall section and
said first inner wall section are parallel ﬁrith respect to one another vertically to define said
first exhaust flow path of constant lateral dimension, said first outer wall section and said first

20  inner wall section being inclined upwardly and inwardly, and wherein said second outer wall
section and said second inner wall section are parallel with respect to one another vertically
to define said second exhaust flow path of constant lateral dimension, said second outer wall
section and said second__ mner wall section being inclined upwardly and inwardly.

25 17. Anexhaust fan appé_ratus according to claim 10, wherein at least one of (1) said first inner
wall section is linearly straight vertically and wherein said first outer wall section is vertically



14. An exhaust fan apparatus according to claim 13, further conprising a

w nd band bracket secured with Lﬂﬂ'ﬁﬁ'"ﬂﬂ”ﬂﬂl coustic silencer nozzle
and at t achewowiAds2a espect to sai 44 | f,mlrr et ai ni RETVUSOVEES! | n
spaced relation to said acoustic si | ender "nodzl®e. 15 15. An exhaust fan
apparatus according to claim 10, further conprising a passive zone chanber
positioned between said first exhaust1%tow path and said second exhaust

flow path. 16. An exhaust fan a Pa_r atus according to claim 10, wherein
said first olAreieterathrespestditigie saigsecgnd inpes wall sidlion islinearystraightyprigatly
paral l el wt P,qm | ir&?e ' first
exhaust flowh%g?ﬁg %&sgfg%‘é%gﬁ?ﬁ at e‘r%gﬁ%glﬁstrygﬁg%ﬂ@%ﬁr&%%%& | sqt?mg%%oér wal |
section and said first 20 inner wall section being inclined upwardly and

i nwardly, an erein i.d seco ut er ,wal ection. and said secand inner
wal | secti ondlas\lf\gnﬁ ragft%apﬁnﬂgtﬁs%g?ﬁﬁgfocl]%m&h'éf"%the&fwsWraﬂg?éﬂv?a defi ne
sai d second edtvausd a bélouriveaipratifelyCevntdctedito kxid fah aithili saidIfad Bousing & ¢bngsic ond
outer wall _ secti,on _and said second inner wall section being inclined

upwar dl y afd IPEERPHIETOHS 17 An exhaust fan apparatus according to claim

10, wherein at |east one of (1) said first inner wall sectionis linearly
straight vertically and wherein said first outer wall section is vertically
WD 011183 4 il An pxhaust fan apparatps comprisinga heysinghaying an upper postien and powerc yat e
with respect (Fdg FRdeih B 15WrSoriioh Hofiobs W ekl far @RIl dafing, the'skrdf Asing

strai ght vert‘igél_gl [ gnpl €=v\,hergi n sald seconc ifi%{']lt er wal sééctei_on IS

vertical | y arhayimg@aslleliside owfls gishathentending within thercasing aomyal focthe siggpwalbhands

according to Is '| ﬁj"ﬂq 9% %ﬁ% rive and
a belt drive %%@Pg%l ve %lﬁggogﬁfet%n‘[ég@{eo sa ré#le W %ﬁﬁgg{eéﬁ#{a%{}ﬂlggpg |“ng to
(r:]o ntrol ] 3 coperovddedaiatly of thofan slﬁa.axig\nn 2 Tiﬂawslt offtheervasiyy) a disthagge _q;anmf]témilingg a

ousi ng having ap u r porti.on-and a_J ower ortion, erei.n the | quwer
portion incl u@%’éa’ﬁscg@ﬁfﬁ%fﬂ ‘&F@@ﬁ“&&?ﬁwmﬁﬁwvﬂ&%%?%@a@ag?fw havi ng
paral | el si deassedndfububr sdiidnex@Ndifg\ihwasilyrdnihefifshiebula portieh, (R 66tBhd tubulirhe si de
wal | and rmuntingbc_an i mpeller for rotation therewithin, nmotor neans for

, L TP !
driving the stosfqnbeing bifjicated fogrevide aplepst bYq Resasavay whavipe grneraly prallelakast t axi s
on a side wal éen&%l_lytxtb?m%tﬂégxi_s%fﬂbﬁﬁ?&’f@&d@ﬂx@kiﬁﬁéé@%ﬂﬂep&éﬁéﬁ&ﬂﬁe mcroll,
a first tubular diffuser portion communicating wth the fan disCharge port
and a seddnoa plansuvhigh ipparaliebio theexisiofithe fan, erelnofthe two passageweysihayigg an iober| ar

portion, the @ﬁfs%&?ontaﬂp H:ln Sdter wall section comprising a perforated material, a first outer sheath
disposed adjacent the portion of the first outer wall section comprising the perforated material
to define a first outer enclosed space, a second outer sheath disposed adjacent the portion of
the second outer wall section comprising the perforated material to define a second outer
20 enclosed space, a first inner sheath disposed adjacent the portion of the first inner wall section
comprising the perforated material to define a first inner enclosed space, asecond inner sheath
disposed adjacent the portion of the second inner wall section comprising the perforated
material to define a second inner enclosed space, acoustically absorbing media disposed inthe
first and second outer enclosed spaces and the first and second inner enclosed spaces, wherein
25 noise is passed through the sections comprising the perforated material into the acoustically

absorbing media.

20. An exhaust fan apparatus as defined in claim 19, wherein the second tubular portion
includes a pair of spaced-apart outlet ports corresponding to the two passageways, and a ring



portion being bifurcated to provide at |east two passageways havi ng
generally parallel axes generally normal to the axis of the fan shaft, and
wherei n twoomes of the passageways lie in 1.5 a pl ane MR/AE$0MESbaral lel to
the axis of the fan, each of the two passageways having an inner wall _
"section and an outer wall section conprising a perforated material, a first
outer sheath disposed adjacent thegg@ortion ofthe first outer wall section
conprising the perforated material to define a first outer enclosed space,
a second ouufburflb @t decabidapindshontibnat eiet leveh of fherdutl@rponts to fdm Memaaids out er
wal | sectiop conprisi- t he perforajed paterial to define a second outer 20
encl osed sgaEEV ‘Y}lefeg‘g ﬁﬁfé‘?“gﬂééﬁ‘f‘% g%b‘gééheaﬁ]“%‘éﬁ? mix, MY INE €839S of ¢ he
first innerexi@islingS@srh thelpasségenday.l sing the perforated material to define a
first inner enclosed space, a second inner sheath disposed adjacent the
portion of the second inner wall section conprising the perforated

mat erial t 0y1def] difmik B fiRRnls B0 FnEd il cHRE 80, iR feth m@&@ﬂﬂﬂxﬁﬂr gr bi ng

medi a di sposed Iin the first and second outer enclosed spaces and the first

and secofd dfrfrusto-conishloeross-segtivn byt inghudesn sentil gap defined by oppesdd flatr walih t he-

sections cqggﬁ' %% in Ep(g,ﬁ . g?lagg .al into the acoustically
absor bi ng ne |%e.§§ } g(r?xex fé%é%hﬁa a%%gdryg't us as defined in claim19,

wherein the second tubular portion includes a pair of spaced-apart outl et

ports corr ondi tQ the two age S, gl rdng. 0 01118324

PGTT USO0! 1675 AR extust Yar abparils P“ﬁ%‘%‘é‘%‘gﬁn%u%upgﬁg‘ﬁ}&h e S P o
the outl et fpatd-conical thby éxtending froml theSoutleldischavpd port offlee seloj casitig. ent air i s

i nduced through the annulus to mx with the gases exhausting fromthe
passageway. 21. An exhaust fan apparatus as defined in claim20, wherein
the second 23U @hal¥efah @ppakatus 28 défined frf it Q 9 Wikrdi the plaRS Eontfififgd Bl
includes a central gap defined by opposed flat wall nenbers defining the
two resp8ctfirke prssagenaYRalse contajns thedm shal apparatus as defined in
claim?21l, wherein the diffuser is an inverted fivsto-conical tube
extending fromthe outlet discharge port of the scroll casing. 23. An
exhaust fan apparatus as defined in claim19 rein the plane containing
the axes 10 of the passage e axis of the fan shaft.
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