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centrifugal fan. The centrifugal fan forces air into a bifurcated duct that houses a pair of

| adjacent conduits, each conduit defined by an outer wall and an inner wall that converge in a
direction downstream with respect to air flow. A windband is attached to the exhaust cﬁd of
the duct, and provides a pathway that entrains air into the building exhaust. Unfortunately, a
significant pressure drop is caused across the conduits, F urthermore, the conduits converge
toward each other and away from the air entrainment pathway, thereby reducing the flow rate

. of ambient air that is entrained info the building exhaust.
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- noxious or other gasses that are to be vented from the building. In particular, each fume hood
22 defines a chamber 28 that is open at a front of the hood for receiving surrounding air. The
upper end of chamber 28 is linked to the lower end of a conduit 32 that extends upwardly
from the hood 22 to a manifold 34. Manifold 34 is further connected to a riser 38 that
extends upward to a roof 40 or other upper surface of the building. The upper end of riser 38
15, in turn, connected to an exhaust fan assembly 42 that is mounted on top of roof 40 and
extends upwardly away from tire roof for venting gasses from the building. The components
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radially jnagd oje) thp criug bnfél thi énnes ped avter wialls radiadly inwerd toeditect the

- exhaust fb%dssth@{;én&%g %@%% aﬂ%é ﬁ g.\s\é?\‘?&g of ﬁ?er é@nﬁ ﬂ:gr%ﬂﬁoﬁ 3 Ahbient

he nozz and

air entramgpon] mlvanwaapdcmdcmneawre ls>,v$qsmre@@ﬂd oy sigrinadhe sazzl9 B2 such
' that exhdu8fdir ﬁed‘u'e&@& %ﬁﬁﬂé{ﬁ rgfﬁtsafi ﬁltélﬁ Wmﬁ?&?@ Hﬂrarﬁﬁﬁxe central

assenb 281

axis A-Ayj Indb%xmfembdu diment Brieis aghigvebby pmmladg immsk a2 that
v BadE0gs ey, S i  UARYy Ao
pressure jossicemtlsabe sigmifcantlytredued veith tinstheturgaft ip bekidvaidiipe tuorease
 Inair enf®ifment i is due to the larger nozzle perimeter that resulits from not tapering the collar
‘94 radially inward. Itis believed that the reduced pressure loss is due to the fact that most of
the upward exhaust flow through the annular conduit 99 is near the collar 94 and that by
keeping this collar 94 stralght less exhaust air is diverted, or changed in direction by the

nozzle 52.



entrai nment path forned between the nozzle 52 and the
inlet bell 104 as indicated by arrows 108. It m Xxes
with the swirling, h| gh velocity exhaust traveling

th d ti f 107,
R e R N
the e\halm faih essembplpiends ﬁ%lﬁmcitxmmiz&lﬂorﬂiomt tl’(e@pddnﬁe Gikedrvfaksers.
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‘Forinsiafi dfgto e £ QU e 5714 GoPlnd o RS win
an aitematmnzr mabocharenﬁisf illosteatey havihg rédfb@necmiridrals cbﬁbépoilﬂﬂlg&b like
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Fan asseﬂihl}s 142 inptuaiee mefi homsmg n4ne?w1ﬁg af tihdrical hietenl 32 ﬂ{ay connects to
Itive .to t he ar e to Si ze-
a cylindright® FaEk prefsiop asp Sefktbotaiiavinies rutfiicd aee ndomongnd for
connecti@eleéiwaen T hadsiid euil«il 82 fand hezxé 66lRRN94 ibthe thahner described
above addition to any I nprovenent the ring section 110 may
" provide by increasing the axial height of the

-[0033] W ndgrdrdifelyl bndagpebesithé 9#63&1&@%?1%1‘5?%%&&'&1' éktensmn that

NnCcregqse a |ent alr ent r ai nnent has shown

increasesyplyne ergli Vil ppeittingiairenframrgassemhlytS lsqoé’ﬁlm‘P‘EM ¢gto a fan
rcgardles@ bf €he §H&b§ of B®Y faﬁﬁf&ﬁﬁfﬁ) cOPEADGEE T Mis reefA3R Sndilid lE@%ppreczratcd

n di scovered that ambient &ir entralnhent Is

 that Stackrﬁ)tﬁﬂ%l@z% d0pyd 13D srafrapsidon femovwrshape #dishashto hieylindpical
shape to &B‘cohi}ﬁod‘zﬁé TRl zfﬁ%uftﬁ'tﬁe ?zﬁ{ haHdd M Bimdle1vifEb ?:ﬂijhouélng

preférred enbodi nent these rins are a
outlet is SEBSITAY Pigth pirEsprarng aspphleakind brlrovidbemonnigd directly onto

thefanh&fgﬁﬁg is no overlap. [00311 Furthernore, it has been
di scovered that the. shape of nozzle 52 inproves the

10034]  oper dt shomidfurtien ae appireaintcddbaim quimming sssemblypdcand 151 can be
 implemeROAE Ebﬂnﬁﬁﬁlnoﬁ)(ﬁﬁ?ﬁm tgglgtﬁ:la F# ﬁﬁhbd wh'oE fa8 as&ﬂmlﬁ 1s%osed on

practlce in this art e HOZZ € sucC

- roof 40 apdengided abor, 0z decated indhabuijding anetherise 3tfa)bg@ﬂona1em¢ge from
the locatibl @t GAMH e a@%rﬁraﬁgﬁ% adddinhy n)‘; E;'ha@!ﬁlt&g&itg Y&shdyad. 2RE rehﬁglmng
adl war or

the outer wall- r y tapering bot
assemblyt Sl canch bl cad, fou ?@?mw&l @scmmcfad taytheryiger 38,100 S@htabée;oonnector

either dlt&!ﬂé& otefﬁh;f/l'liét? {/1%% idn aﬁﬁnf%alwhﬁ?ﬁ[ﬁ dﬁﬂﬁl ézlé;ﬁ {tl?e t?elght of the

over e present 1 nvention
exhaust famasssmbipranddhus dlec umeasaﬂmcplmmd hpipht efthe ekpdkdxhaust air to a

R e

-~ the bmldmg weentltionsystemt II}B(fOEaiahﬁile uﬁtﬂe&na‘infbld 1541 ih i ipdeidial eenduits

22,orin URL TR b RN Pl Wi, 2 Lo
- the prese@nhventivigniovides iflegitdhgyechdiyme@uiipad mpeuleesit e@flining assembly

onto a bu iili.essure | oss can al so be signifi cantly reduced wth
M&-structure. It is believed the increase in air

{0035] entra@ip mtappse&atsdumhm st)aﬁﬂ@duoﬁ@agdoﬁuﬁsammlfﬁsmtofme
erin he collar 94 radial

present “ﬁ"ﬁ%ﬁ%’% %1‘{1{“?9 wolgei ebansha. RRGS #‘éhﬁ%@&l%ﬂé%‘@}l@md@%h
-ambient air§ a0 sdebBlY Delpde bbdPRboMRPL4R TUser objectives include minimizing
‘cost, maximizing performance, and maximizing safetjr. Such customization is achieved by
selecting the size, or horsepower, of the fan motor 68, and by changing the four system
‘parameters illustrated in Fig. 6,

[0036] Nozzle Exit area:

~ Increasing this parameter decreases required motor HP, decreases ambient air




:

t he upward exhaust flow through the annul ar conduit 99

is near the collar 94 and that by keeping this collar

94 straight, |ess exhaust air is diverted or changed
nozzle 032] In additio

entrmmn'énfj ﬁg&g gglr"?rl)(aenltége PPAA SRS S§’ i Hé°f°r HP,

Icreassy amblbut:ﬂr aftraizhenteiticenasts flamne aiss enbl y lends itself to

10037Icustoqbﬁ%5&9 LR ATBSt the specific needs of users. For
instanterﬂré£Effnﬁg— 7,

to Fig. an exhaust fan assenbly
Meashrgsﬂiﬁstmtaﬂetemmmam&ﬁﬂﬁamﬁiﬁ dhtraimont, ideenadt sighificantly

i men ustrated.havin ference nuner
affoot BT SRR Bh AP (i cDPr RE D ATt ferCreseh D PR giregpment,
does naotsignéfiventle dffbst pliKie tiee of fia fluw.poses of clarity and
[0038]conven ence. . Fan assenbly 142 includes a fan housing
144 hav¥@§§§i%§¥£hdrical outlet 182 that connects to
énarydsmg:hhlsq&lrmﬁétat:klcmaﬁmmmtkﬁ%mﬂﬁtdhu Gli@ease@piuhg rise,

does nc Y01t Y. J3 e e R 1 O G0 A S ghent
decreasenplvaie iees dodshrd affadtdue flof0033] Accordi ngly, one

aspect,of . th resent inventian provides a extension
{00397 o S@¥%&ﬂﬂé§¥§§§&ﬁaégﬂgﬂéﬁiiﬁh|Ie permtting air

ﬁ[ﬁréa%hiy il pASAREEE MoRhsdsnitediRR UnBdingi¥he iferéA8s plume rise,
ﬁ%' dj %g of _the shape of the fan di scharge openj ng.
does not ltegtitan flaya Rpcreasing {Bis narasectelfaceesesaablont wicngpmanent,
decreasBXpRAR 122, @6bs3Hd afeQ R0k ansition from any shape at
its baig to a Cﬁ{lndrlca| shape to accommodat e
100401 i r ¢ udibp pharhashieer Beoribsh anp pEsferged smhodimentiof éhgpresant

inventidd) €t xan oBAH IS ﬂﬁbse ﬁ&ﬂt ?ﬁ:t.ctlbé Rk ingd 1?15“3} Moﬁiﬁggtwr%'lﬁay be made
entraj ni ng assenb and 151 coul d "be nount

withoutfjepaiingfrosm the Spﬂlh‘eﬁfﬂaﬁﬁomﬂ%fhn gvenos 4in ardergh epprise the public of

the vanf)iﬁ Eﬁﬁ&dlﬁﬁn&ﬂﬁéﬁﬁ r?g aﬁ%itﬂlﬁﬁ g@ ﬁ%fh@ 'nweﬂgox\%ﬁﬁfm &Wléé‘ claims

can ement e I nat
wﬁlnwﬁentllatlon systen120 whose fan assenbly is disposed
on roof -40 as described above, or located in the
buil ding or otherwise at a |location renote from the
| ocation at which the air entraining assenbly is
nmounted onto rooftop 40. Air entraining assenbly 51
and 151 could, for exanple, be connected to the riser
38, or suitable connector, either directly or
indirectly via extension 50 and 150, which woul d
i ncrease the height of the exhaust fan assenbly, and
thus al so increase the plune height of the expelled
exhaust air to'a desired level. In such an
enbodi nent, the fan assenbly 46 coul d be di sposed _
anywhere in the building ventilation system 20 (for
exanple in the manifold 34, in the individual conduits
32, or inthe riser 38 at a-location bel ow or above
roof 40). Advant ageously, one aspect of



the present invention provides flexibility when

mounting a nodul ar air entraining assenbly onto a

building. [0035] It is thus appreciated that user

speci fications acconmodat ed by aspects of the present
CLAIMSwvention include vol une of exhaust air, plume height,

anount of dilution with anbient air, and assenbly

ei ght roof top 40, User obj.ectives include

e DA AR 80 ook B B cxiTlnd i A org Acpuiiding, the exhaust
fan asserablydoriphgirpal ety. Such custoni zation is achieved by

sel ecting the size, or horsepower, of the fan notor

gdan hopsing cqumainmgigfan Heat fleaws thy sxhawst infrommsbebsilding and forces
the air thk tr L: [ Ga. 6. [0036] Nozzle Exit area:
_16 an I ni@gs@%gg?ﬁﬁé Egg?tarret er decreases required notor HP,
deorgdadiposmibdontstraim of theefah hanshig flic néRR RAFREIY dtButer

ris creasin hi aramet er i ncreases_required
enclosef}yyill “ﬁ%ﬂ (APRor ELLRE Forhn HCREinE SRl PR rdceiving the exbaust
air fron te/fR@sed plune rise. [0037] Wndband Exit Area:

I ncreasi n% this paraneter increases anbient air

-8 ieipdhan, osethéawpstrcaw of e nazale the wiadbaadiproviding aniaie
et 80 e g G SR W RS SR SRR et i
‘the windbdndc theplindband faether congpisingoa oltRPES1 eMeRdhanfxdengt h:

Increasing this paraneter increases anbient air

ntraj t, ipcreases plune rise, does not affect
Tan 1 EBaeXsvst Gaasanin rerepusdinaliim s reudee fioe ent
centrifaghllfa@nt r ai nnent,  decreases plunme rise, does not
affect fan flow [0039] Wndband Entry Area (m nor
effect) Increasing this paranmeter .increases anbi ent
Zir ehbe exhovehfan apseorbdn sereciiediimeclaiins in wikidsthe diner wall is

f fl ow. reasing.,t hi aramnet er decreases
SubSf“-amg‘{nl‘blF %%?ragyplsgﬁﬁdam‘?ﬂ’?“ tcgg’&”é‘gegg?i]pl ume rise, does
not affect fan flow [0040] The above has been

4lescr TheexinfsPlaR bedeRibl Ptk RERGUInBhn Dfin WAEHPLE BER wall is

. invention. It will occur to those that practice the
frustocogical t hat nany nodifications may be made wit hout
departing fromthe spirit and scope of the invention.

4n or [ ] e - the . j .
 Ynod et RuARaR baEubl pidDnd i i) S VAN per wal
diverges towend therontdriveall.ol | owi ng clains  are made.

—

6.  The exhaust fan assembly as recited in claim 1, further comprising a connector
having a rectangular base connected to the fan housing and a cylindrical upper end connected
to the outer enclosed wall of the nozzle. =

7. The exhaust fan assembly as recited in claim 1, in which the windband is

~ mounted to the upper end of the outer enclosed wall and receives the exhaust from the nozzle,

8. The exhaust fan assembly as recited in claim 1, in which the windband hasa
frustum-shape with a circular opening at its lower end which is substantially coaxial with said

nozzle




8 CLAIM5 1. An exhaust fan assenbly for expelling
exhaust air froma building, the exhaust fan assenbly
conprising: a fan housing containing a fan that draws
the ex Ik efromthe building and forces the air
__throug hhﬁ%%xg%kh ga&sﬁs??g‘bgﬁlaﬁ &pcited iy glrim 8, igivdpeisig lower end of the
windtaodns tubsamtioly ¢dptanbewith @URi fifhz1d he nozzl e conpri sing
an outer enclosed wall and an inner wall that forma -
c?gverﬂj n% nnular conduit receiving the exhaust air
f FOm t HACFXRUSL g assepbiy parrs tigd #pdaime | dowisdr thamindband is
flared tab &s WetleBd 16 BRI providing an air entrai nnent
pat h receiving a% en H%ll'r such that the anbrent air
- mxes wth the exhaust air in the w ndband, the
 withdbadbe ﬁ&hqmeﬁﬁn ossmbiy hmtf;;ac&ﬁd mmni%]; Lt @qﬁ&e%p@h%dhﬁa ring is
f 2. The exhaust fan assenbly as recited in
Olm%g@%@?éﬁ%n%m;ﬁ&%wwﬁgm?‘gn is a centrifugal fan. 3.
The exhaust fan assenbly as recited in claiml, in
wh.ch Anexhmme fanvsaidmbls foSeHpetait ddhlsy aif iYai
I Sposed wi.th respect to the og{ger wal | . ﬁ&?{a?’héymg’mecmauﬂ

d
fan assy EPPEEssenbly as recited in claim3, in which
5. The exhaust .fan

tDRin HoSin e \Ve éain!l"r?g o£oni cal . (
o assenbl y s 1rleC| teadfalﬁnl{ﬁ%tl a.‘FFF?}“’r"HaWﬁP'EﬁfOPh ¢bifiding and forces
ﬂlﬁalfﬂﬁpugllafmehtgmklgtwﬂug;d the outer wall. 6. The exhaust
- f senbl s recited. jn claiml1, further conprising
: a{ﬁgooz%geecgf%of & ﬁ%\‘(‘?‘?ﬁ%ﬁa‘g d¢ fanfinusinghths aozdn caoprsing en outer
enclosédhwall and Ao UfieN@al it diveYsds '5v'a&ﬁ | nnected
quil O.Lhe outer enclosed vva%l gf t éhyn(giz%%“éﬁpg %ﬁé"wnverg‘ug
conduiipteceiyug thg gxbaysiainfigmabe fagiandd in claim 1, in which
@it ' ed t he upper.end of the outer
. enclln\ggﬁelgp%ﬁgﬁ% rec Il':\/%ftst?‘f’ ngé%ﬁgﬁgf{ndgme@mﬁgmg an air
entrainmientpaih redividhambicheissuchaRatihs 8RBl A5 nfRs viRPie Sxhanst air i
tho windp ks V] £, Lhe v ndband. has a. rﬂ%’féérﬁ'gﬁ?ﬁ% t airin
€ cvindbpng fushengamgpriging aw ohidetdhat exybisic cliixed air.
- substantially coaxial with said nozzle 9 9. The
a3haUsthol AR P BETUS of 86ited % blink 18 i\ hicr fhe t &1
centrifugal fan,

_14.  The exhaust fan assembly as recited in claim 12, in which the converging

conduit is annular.

, 15. The exhaust fan assembly as recited in claim 12, in which the inner wall is
substantially centrally disposed with respect to the outer wail.

16.  The exhaust fan assembly as recited in claim 15, in which the inner wall is

f_mstocohical. ‘ ‘

17.  The exhaust fan assembly as recited in claim 12, in which the inner wall

diverges toward the outer wall.

-10



wi ndband is substantially coplanar with said nozzle.

10. The exhaust fan assenbly as recited in claiml, in
whi ch the windband is flared at its |ower end-to-form__..
an inlet bell. It. The exhaust fan assenbly as recited

[[81. cl @h@eﬂahadsf‘fa\"hﬂsﬁéﬁﬂﬁ %é/técﬂg(i in%glungnf %Lﬁliﬁsciogﬁ)%%g%

g per end of the wi nd
connectgg %YFBE $# rqu@n%‘k‘nﬁ dapq Wﬂeﬁ%h@ trsthe danr hdusing saadbidylidlingal upper end

comnecttd fo BN enc ‘?,ag?{r@l n‘prl sing: a fan housing

cont al ni ng a 'he exhaust air fromthe
bui | di ng and forces t he a| r through a fan housing
bt | elhe ezhawsizieh asstinibip serbcemSIIEgA, & whitd theWindband is

ot o B 7 e s s i ol

to forma converging conduit receiving the exhaust

20.r T rageibesf @A ass‘%ﬁﬂ:l}a dﬁ@iai@lq:lﬁ ﬁ?ﬁ? thflc%"{ﬂé Mikfha hasa

of the_nozzle, the w ndband providi
ﬁﬂsmméﬁtl%wh@rﬁlrcpbr hpmmtsdgwanmdemch iy mmhnﬂl}aatoanfae with said
nozzie anbient air mxes with the exhaust air in the

wi ndband, the w ndband further conprising an outl et

t hat expel s the mi xed air. 13. The exhaust fan

Hsse n‘Bhg'e:dmustet‘am hedmbly & rebifedlis cldif 200iCWhichehd B¥el Sndof the
centrifugal fan. 14. The_ exhaust fan asserrbly as

windband s sy %ﬁ iy caplanarwith seiduapzsie.t he conver gi ng  condui t
. is annular. 15. The exhaust fan assenbly, as recited

220l pihdRaddnst ant |
centrally d?%rf%lsg%éﬁi;% ?8%%@3{' t%mtlﬁe ouﬁ’é’ﬁ% d%%&/
- flared atTisdowghenssto foom apddertelly as recited in claim15, in
which the inner wall is frust ocom cal. 17. The

e S PR 5 T A i

formed alsheiﬁpbren@aﬂ&b\ﬁlﬁdb@a,senbl y as recited in claim12,
further conprising a connector having a rectangul ar

2gase onnect ed to the fan housing and a cylindri cal
pper austfan assembly epnngeted to @ vertiatiosmdtwadt of aiﬁmldmg for

expellmg‘@ﬂfa!u@t air ﬁ:om the building, the exhaust fan assembiy comprising:
a duct connected to the ventilation network that receives the exhaust air at one end,
.the conduit defining an outlet end;
a fan housing defining an inlet that is connected to the outlet of the duct; the fan
| housing containing a centrifugal fan that draws the exhaust air from the building and forces
the air through a fan housing outlet;

a connector having a rectangular base connected to the fan housing and a cylindrical
upper end, the connector defining a conduit that receives receiving the exhaust air from the
fan housing outlet;.

anozzle comp;ising 1) an outer enclosed wall connected to the cylindrical upper end

‘of the connector and 2) an inner wall that diverges towards the outer enclosed wall fo form a

converging annular conduit receiving the exhaust air from the connector conduit; and

11



19. The exhaust fan assenbly as recited in claim12,
in which-the windband is nounted to the upper end of
the outer enclosed wall and receives the exhaust from
t hevindrntdepnnded thithe entepeinlosed wvallsHen®hy,zRS, the Wikdind having
afhmhﬁ?pkﬁhnL&Z .|n1mh|ch.the,mnndband has a frustum shape
WET 3R e A1 pEqnlag opsning akjts jqwer egdhavhichhig copialivith said nozzle and
the los/ebaidas butdkdnyialp 8¥plaharWe s 3@ h&o7H0221 € 21. The
exhaust fan assenbly as recited 1n claim20, in which
the I ower end of the w ndband is substantially
coplanar wth said nozzle. 22. The exhaust fan
assenbly as recited in claim12, in which fhe wndband
is flared at its lower end to forman inlet bell. 23.
The exhaust fan assenbly as recited in claim12, in
which a cylindrical ring is fornmed at the upper end
of the wi ndband 24.. An exhaust. fan assenbly connected
to a ventilation network of a building for expelling
exhaust air fromthe building, the exhaust fan
assenbly conprising: a duct connected to the
~ventilation network that receives the exhaust air at
one end, the conduit defining an outlet end; a fan
housi ng defining an inlet that is connected to the
outlet of the duct; the fan housing containing a
centrifugal fan that draws the exhaust air fromthe
buil ding and forces the air through a fan housing
outl et; a connector having a rectangul ar base
connected to the fan housing and a cylindrical = upper
end, the connector defining a conduit that receives
recei ving the exhaust air fromthe fan housing
outlet;. a nozzle conprising 1) an outer encl osed wal
connected to the cylindrical upper end of the
connector and 2) an inner wall that diverges towards
the outer enclosed wall to forma converging annul ar
conduit receiving the exhaust air fromthe connector
conduit; and 11 a w ndband connected to the outer
encl osed wall of the nozzle , the wi ndband having a
frustum shape with a circular opening at its | ower end
which is coaxial with said nozzle and the |ower end
is substantially coplanar with said nozzle. 12
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