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BRIEF SUMMARY OF THE INVENTION

[0005] The present invention is an exhaust fan assembly for receiving exhaust air

from a building at an air inlet, mixing the exhaust air with ambient air, and blowing the
mixed air upward to a substantial plume height above an air outlet. The exhaust fan assembly
includes: an outer enclosed wall that defines a substantially cylindrical cavity therein; an air
inlet formed at the bottom of the cylinder cavity; an inner enclosed wall fastened to the outer
enclosed wall and positioned in the cylindrical cavity to divide it into a centrally located
bearing chamber and a surrounding, annular space, the inner enclosed wall being spaced
upward from the air inlet to form a fan chamber at the bottom of the cylindrical cavity; a shaft

rotatably mounted to the inner enclosed wall and extending downward into the fan chamber;
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[0010] anbi % fu%her (Illu?@%g gxhaﬁtstoalrt \Qfﬁh %lm%?ebrllrtnair a windband is mounted
above the fan assembly and around the nozzle. The windband is frustum-shaped having a
circular opening at is bottom which surrounds the nozzle and defines an annular-shaped air
inlet therebetween. Ambient air is drawn in through this inlet to mix with exhaust air exiting
the nozzle at high velocity before being exhausted through a smaller, circular exhaust

opening at the top of the windband. To improve the efficiency of this mixing process, the
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[0021]} Fig. 8 is a view in cross-section taken along the plane 8-8 shown in Fig. 3;
[0022] Fig. 9 is a view in cross-section taken along the plane 9-9 shown in Fig. 3;
[0023] Fig. 10A is a perspective view of the plenum which forms part of the exhaust
fan assembly of Fig. 2 with parts removed;

[0024] - Fig. 10B is an exploded perspective view of the plenum of Fig. 10A;

[0025]} Fig. 10C is an exploded side view of the plenum of Fig. 10A with parts
removed;

[0026] Fig. 11 is a perspective view of two plenums mounted side-by-side;

{0027] Fig. 12 is a pictorial view with parts cut away of a second embodiment of the

exhaust fan assembly of the present invention;
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[0032] The control of this system typically includes both mechanical and electronic
control elements. A conventional damper 36 is disposed in conduit 32 at a location slightly
above each hood 22, and is automatically actuated between a fully open orientation (as
illustrated) and a fully closed orientation to control exhaust flow through the chamber 28.
Hence, the volume of air that is vented through each hood 22 is controlled.

[0033] The building can be equipped with more than one exhaust fan assembly 42,
each such assembly 42 being operably coupled either to a separate group of fume hoods 22 or
to manifold 34. Accordingly, each exhaust fan assembly 42 can be responsible for venting
noxious gasses from a particular zone within the building, or a plurality of exhaust fan
assemblies 42 can operate in tandem off the same manifold 34. In addition, the manifold 34
may be coupled to a general room exhaust in building. An electronic control system (not

shown) may be used to automatically control the operation of the system.
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[0038] As shown best in Fig. 11, the removable panels 61 on the sides of the plenum

44 also enable multiple plenums 44 to be combined with a single riser 38. In this
configuration the plenums 44 are mounted next to one another and the panels 61 in their
abutting walls 58 are removed to form a single, enlarged chamber 80 defined by their
combined housings. Any number of plenums 44 may be combined in this manner and
complete flexibility in their orientation and the location of their hoods 62 is provided by the

same removable panels 61 and mounting holes on all four walls 58 of the plenum 44.
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dependinh@nefar kiz¢. hS,’u@)oﬁaau ﬁts1deuhé afterigall ]I'(belsmsxylxadm@lh slekgoetd @mei wall
t fla 76
106 which SR grohes oyt bY AR oS Wl TRl flpar nocpae
bearing chﬁkhbetglhi)& iﬂalrfdlmﬂmg\mhﬁlaﬂsfpab@ Elh(pl@dﬁsilj attwedi thei 1ﬁmtrahd.i onter
t 1 do
IR T AR CHE L DY T
[0042] fan ASfai\?\gmafﬁpﬁmwsptgsed i e beaﬁh@tzlnambeg aoi) gxlid lf%:fodaaﬁ»ly
ich are rotate ackdraft ar
fastened gﬁbﬁ ReaipgsHarte a botjory p@%‘%%% fre %&ﬁﬁ%w € b nd Of e ipact el

106. Theonaﬁ rsﬁif't Ny exTaﬁxsld%%@fafcplmmm ohzﬂmbeiamb@ s@pSart ¥ fan wheel
for .inspection aor rep dlsconnectlng t he
gk i

120 on ntﬁtmprsxzd,fapénﬁqxﬁ‘é\dbu@wﬁﬂm %‘apmg .caﬁﬂﬁ 18 s 74
rotatablyg%gpo‘?‘{?dtb?e‘m %gﬁ:%e Aling$22. [%eﬁeﬁﬂgWZ I?é%‘?etns 'tcpa Ebﬂzontal

enov panel s he srdes of pl enum
plate 1244hatgxémde acbiseherinteriqsiod ths! eang Chpantes 1%ar¢cb1ﬁﬁummtemftom
o s A OBLS 64 £33 b S 9 nue
[0043] in t Referringa;imnﬁd;ular@r tocligs 458d & therfanphed 120 uicdudes a dish-
shaped w%e&ga&' 13%']1av1 % 2sel Ot ma1%rfan8£)lages 1'33%‘95@%&8 ?t% fower surface, and a
set of auxiliary fan blades 134 fastened to its upper surface. The main fan blades 132 support
a frustum-shaped rim 136 that extends around the perimeter of the fan blades. The lower
edge of this rim 136 fits around a circular-shaped upper lip of an inlet cone 138 that fastens
to, and extends upward from the base plate 102. The fan wheel 120 is a mixed flow fan
wheel such as that sold commercially by Greenheck Fan Corporation under the trademark

MODEL QEI and described in pending U.S. Pat. Appln. No. 10/297,450 which is
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conmbi ned housi ngs. Any nunber of plenuns 44 may be
conbined in this manner and conplete flexibility in

W b@so7s8 ent ati on and the | ocation of their hpoOESHES/001968
is provided by the sanme renovabl e panels 61 and

mcorpora[f&i’ﬁ@rbﬁ% FeBshceN Valldn thO i Wiklel $2(Pi8 ré&thtell N&HRER AR it the
5 WO 2005/ 072258 PCT/ US2005/ 001968 [0039] Referring

plenum 4,53;3 drawn wwa};d ﬂgoqtgbgthe gir iplgkiormed by ggﬁﬁ]pyc% 138 and blown

radially Jumﬁaa*ﬂh H%m%&ﬂth@ Bnmfi@p@le 1100sRhORH B}rﬁfrowyigof an
assenb 4 asarectanuar base plate 102 with a

[0044] ¢ om%ﬁfeanwwﬁaﬂﬁ@y todiigt S ttheduxiiiarg figs 3Py thertep perfacrof the
fan wheei ?ﬁ) @‘%@ﬁceoi raﬁfb‘ﬂyro%%tfﬁﬁ Qeteaed Qﬁ%@zt &in2%he f;lglezfrﬁ lower

this skirt to the top of the pedesta

bearing 1@§ Sh@ﬂé@rqvgdq feewd feakvish gredottoptplatedi f e Soarpea)iémbwd be
avaﬂableﬂaﬁd@ﬁ@ 19 fgﬂ\é@%{p&gﬁ&p% Ger, L PSREE LR ﬁ&&%%]aﬁﬁww
e panels e

renova SO ena access to the i’'nterior

pattern isgfstablisheg|ie mipshvair isideawm & the beastnigwhambern ¥8amdslingsted
radially u%’éljdriﬁroqgﬁ Qgg}g ?d}ﬁlt%ﬁ g@gvereﬁ PR L{é)j)eI Am (% tﬁ@ﬂlﬁ v\/ﬂetﬁ_gw zﬂlél the

entire haust fan asse
bottom pfateohrl& s a reselt, EBagst atrl‘temfoanscapsmh@thjc bésrifg dmntteh €08 even if
aum 44. Also, in many installations it is
akmksmagggg ageous for the building exhaust air to be
[0045] br ougktess d thetbl&mmg @raurhemlOEt fmmwgﬂtmdm{he ¢dn astanlslydé is
s 58 rather. t

] ] h . ..
provided St RSkp Bttt SR 5058, A g Bbstip Figredy 4204 6,
each passl;';lgém)t isefomxdamgsh dlignaed elongated bpermlgerfonmmdélgroaugﬂ rt]liehmter wall 100

) ot of. t he ousi n W t t om
and imnengggl] TR Shichiit fprracten B dapates ial 19 OB petkastaru
encircles Wﬁds@dge%& yind Gokt@st frdm the Akl shir 1}‘lagmaa§1ewhicyi i tends.

i ncl udes

of the | enum_ 44 d
As ShOW%b?ﬁt Hafagcgp%a% mﬂp gthenatt ?‘PQWMS {#pd pgpdhe fan shaft

114 and 4s686diaBAYéRIND 238 and| 2. eMARenakesyRisoRheleh@ Have €8S EicSess to
104 are vvelg around the ower end of the outer wall

these elemeypfs f‘t‘rdn?i’@f’%o%ﬂ}ﬁjp'&?%lrl t in an upright position
[0046] 3' t hRU@RdS\ParAEUTREY tofig gyﬁﬁ@ﬁﬁsakg@aﬂﬁﬁt(ﬂih@bﬁﬁnng chamber 108

ependi ng on fan size. orted inside the outer wall
also enableyp fangdriyeaytpn HirQ dre lgmisﬁwtﬂ%&e foppgsemblygtogd cpupled to
the fan slgl'ftvf 198irdu ?ﬁ‘ ofi @F@l@{pags‘aé{@%abin iHe r&thr&{ eM@(l)dlmJ:Q\“.Qhé fo®or

hr ee par a cen rmn

150 is englaserddur@dn@ﬁgr eqvenl a2 m@(b@@éntﬂ@ t%s@atee Waﬂéﬁﬁfé@ﬁl itsphaft 154
6F |5y ¢
it 2 St O 08 2 R
extends aschmdtpullmyds 18 idlds][ﬁ@mdih@ respéntivb ebafisrig4@hdibér ImpBalnitive
embodlmep 46%% @kﬂl)éf) &’eg& %1% Qﬁg e‘;% 61?%1 afl%%}gsgﬁlz{l)’ ﬁfo lﬁ/ggé? g\%\g %ﬂtltled
“Pivotal mﬁect Diriives Matvr@baEkhalﬁﬂAssehﬁ)ﬂbdsﬂdzommatiD is ddcatddha tHeshearing
mber 112 to s rt a.fan el 120 on, i I r

chamber JG R s R it Go BBEEisl e T A0 TR 1880 PR URenElF

assagewh{QSaldie bécekd tol the motor 150 for inspection, repair and replacement.
passag
[0047] Referring particularly to Figs. 3, 4 and 6, the exhaust air moves up through the
annular space 110 and exits through an annular-shaped nozzle 162 formed at the upper ends
of walls 100 and 106 as indicated by arrows 164. The nozzle 162 is formed by flaring the
upper end 166 of inner wall 106 such that the cross-sectional area of the nozzle 162 is
substantially less than the cross-sectional area of the annular space 110. As a result, exhaust
gas velocity is significantly increased as it exits through the nozzle 162. As shown best in

Figs. 6 and 8, vanes 170 are mounted in the annular space 110 around its circumference to



rotatably supported by an upper bearing 122. The upper
bearing 122 fastens to a horizontal plate 124 that
weasndesacr oss the interior of the bearing cheeEs2008@1968
and is supported from below by a set of gussets 126
straightersh@path afithelathabiteir atielehads thé fabhad heedls ngwaldanteraci&iBof

vanes 179 g5 gka dpiniso HotEiadissraraginatit o Crrabila o Vs dihasos wit

be describ@ViuRBe@be3@y. of main fan bl ades 132 fastened to its

| owe urface set. of auxi.l an bl ades 134
[0048] { aqy %ﬁé&i&@ﬁ@ﬁ&b@rl’%ﬂf@éé Bt > Ao o thgdop of
the fan asS&tAPIBT46 and afréuiﬂttwmm@f ﬁ@izb er S@tweratcla@cﬁ 58 xteethehed Quteh the
an ades

t he er i met e | e of
perimetex o} 16 puigs walg 109 ?%5 gwawaeral wYaEd ﬁﬁpﬁ@&f\wg dron) jis,top
rim and f@s‘terae@ th@ Wetdand 82 138e Widdbahds2 %rb%senh@ny ﬁu&uﬁeﬁﬁ g@@wnh a

fromthe base plate 102. The_ f Ois

large lecﬁfak éattffm ORERIRA ol aligned with thennnulas maZZé% #rﬁ%ﬁbﬁ%mcymral

axis 56. PHe C3ERRNBEEES the vik@yRasatd ﬁzﬂre&‘ﬂg ah 1ﬂla%etlr5@d.ﬁﬂqﬁé<bottom rim
and described in pending U S. Pat

of the inlgybell ﬁ@%ghgrmg@um;ugmllygsoplgnwxgg@)g rayodihg nozzIeArf g?_ The top
end of th& gﬂdﬂ%% sqgljn%ﬁgted 'bg%%&ﬁfaﬁéﬁgldﬂgileﬁ Vi SEECHaNERmes the

When the fan wh rotated, exhaust air from
exhaustopﬂgtofrsh@mnustzfam SSSdmhl/sfﬂ?upvvard through the air inlet

[0049] " Of "REcRihd DRLAES D%, HRPu OB 0 dih B Melidng

out war upwar ‘e annul ar )
positionedyelaitvedashad uezld 044 jenReth @rmixmgupeandun bﬁamylenbalt:mg: the

exhaust a?r exgtﬁ tﬁ?éﬁ%@ié’z f”fﬁ% rrh?ént aq&xFE?/s %’8(?%21 Sla?fg e%ﬁ)?med

roduce a'ra r ec
between thk aozzISi 62 end ﬂne islatbdl] 3812 mdidatbd)b& arrowe 2. Bgniké8with the

swirling,ﬁ %gvléagorc@rg%\)é gu:slt ?mg &th?g%n 10z ]$/26# Sﬁ)t : s ellgteg;feﬂ'llg
through thd exhang ondet akehd togef teedindbimdedzer , i f a I eak shoul d
occu an a tternlse tablished in whic
osol  oF *Ranibefaf fepb b Birsii PR 1 BRSO 8% cnltleblion o
ambient diedidahipyoveufanefiitidey o dHb ﬂare@&ﬂef lﬁﬁélrﬁbt hied b&tarm bhehe
130 .and t

rimof the fan wh bot t om pl at
windvand §Bfs eotl gy i iz HHB e 7 SnsiBen Sy Ao PR 1
1mprovenli361@£n ziiiﬂ eAlﬁhﬁﬁi’ﬁéﬂit id &ﬁatﬁhgﬁﬂnlsé‘nsnﬁﬁ k(ﬁn%% aﬁ@l@Sldif ;thd)ﬂzﬁ"a fand todthe
] c to the i ng chanber rom out.si de
. sizeof the et e e siryeol (37 Bie a"é&%;‘?otﬁ%\gl R ghiyewdydband 52.
In addltlofn% ﬁﬁﬁlr@ﬁoo&ﬁélﬁltﬁ@nﬁg &R%on 69 nﬁw%m@@&f 1dcfba§in%5the Beiald
each passagemay i s formed by aligned el ongat ed

height of Sﬁéﬁmﬁb@dﬁ% s PRebioyRd tacrsateaymbgnt airetraingiat b A%y to
8%. TestYi% Has 306w a6 Hnﬁ&echﬁﬁ’éb@%? t?fj:ngﬁﬁ i) ﬂ&@ Hﬁ;aﬁ\@y hitek }g

assage wa encircl sagemay an
performanegc @@@memfromthe annul ar space 110 t hr ough whi ch

osi1 | { SKENGEn 88y SRR BEBlnl 0 ElilinRBCnSRL DK

throug Piier assageways an
minimizisgthe bverlap between the rim of the nozzle 162 and the bottom rim of the

windband 52. In the preferred embodiment these rims are aligned substantially coplanar with
each other such that there is no overlap.

[0052] Another feature which significantly improves fan system operation is the
shape of the nozzle 162. It is common practice in this art to shape the nozzle such that the
exhaust is directed radially inward to “focus” along the central axis 56. This can be achieved
by tapering the outer wall radially inward or by tapering both the inner and outer walls

radially inward to direct the exhaust towards the central axis 56. It is a discovery of the
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114 and associ ated bearings 118 and 122. Mi ntenance
personnel thus have easy access to these elenents for
w0 p@peTRson and repair. [0046] Referring partiRCi/Ea81095/001968
to Fig. 3, the passageways into the bearing chanber
present mlf@ﬂtlorﬂtlh&tflhnﬂﬁamaﬁr @t;ﬁmmaiht tatebaintiensell=nd tp@esbnrellassaﬁ édtreased

side th n.a an fan
by shapingyhe orehe, P R SR et h o P I ulh e gt fan
radially 1@&&3%\{/@:@3 ﬂmedtlrﬂ&ms Seh e wreferrkd @mibsdiamait dsie th acﬂle&ed by
tor cover. 152 and ?Eﬁpted to.the auter %Lyloo

flaring th? {9 Q0P of e sV VI EREAPRGt IS SISO PY SHAT Percem

and presstRAodscafi DeRéRMed Bp t0% awithsthfstrudihfe. [y iscbehievéd the ndrétat in
ext ends ar ound pullexs 158 a 160 .on. t he respective

s cntrai gL g uecin T TP B0 PEI i BREEYI D droRaL@PHER the outer

wall 100 %ﬁﬁ%ﬂ iRRErdl Nt & %eﬁ@uaadltm thé RduRAlpREsuRNPSI 6 ahé ﬂﬁth@@zidt @at
924,532 entitl ed "Pi votal Direct Dél ve

most of tlp-wpvazqia sihapstalove fspyeh the genylaisprce B is seardhe puigr Wﬁlltlﬂg and
that by k&ﬁﬁfg'tﬂi@ oufdd WQOO ].nglgﬁp Glosk bRhawb@dif isidbvesRUPdRhaliddEint | Y
fan shaft. In"this enmbodi ment the passageways
direction QVFWO&é]@éég to the notor 150 for inspection, repair
053] and [ LA d |
(00s3) 37 REQIA IR R T, R Blenl 391 mv‘*e;“?‘t%""’{’ Sk e
passagewayhandanixep ad@ tha xhanet aixasisdicaied by Brraws 4 Aty This-asthiens @ir
I -f

flows oucYEAHCR 1 IR Bher AL MDA RS with B iy
from the $morntadllngyloz2tlar16hgTh¢1@nb19pp€er isdhies mB8d dfom thegnsidepf the 06
such that the cross-sectional area of the nozzle 162

is substantially |less than the cross-sectional area
[0054] of tAeslwindiigs pated anttﬂ té\protect deubn driex blzuents igdls bearing

Clt 2 SI ni f.ic e [
craner Y5 Bk o9} D50 L1P LETERAREE% o BFfheogng iy
shaft 1148 The arcefsi 72 Eenlnoff thohmatiag chambdrd 08 from the oppace drikdlof the inner

walt 106, 3 Esob8 5h S48 E FRG AR ah S a P Tl bindgapt oo
issue whikd the & ib furlngy precipiatiba@andodiet stised canufiidutd.thel fd assembly

h 't’aﬁ ion of vanes 170 has been found to increase the
when IS ai nment of anmbient air into the exhaust as will

[0055] be dﬁasazlﬂiti@ﬁdo fhbfﬁebﬁfmbﬁiewfﬂlaﬂdéﬂ&ﬁﬂs drRetissedi Iab@ve the structure of

t| cul %/3 é& and a w %banng a
the exhau Ads i35 BFuStPﬂ’ézaf‘gﬁ toeeh e SPAHICREISPHIRTE-
Such uset Jﬂ)@mﬂ@{ﬁ?dn@ iddbde VOLGRE oPéx}QﬁﬁQKef)ﬁm%eQ%‘}ﬂ Ahdag Bedilution with

around the perineter of the outer 100 and t hese
. ambient %rx@%@ﬁsatpawé(ﬂw% abevgapaf top- Lisevipertiveoiciude PRIGEMIZ{T cost,

max1mlzlﬂ§ gexffﬁ%aﬁee LAd h’ﬂ&nﬂzﬂ%@y 5§uchT&1§toM1%Qﬁrlg a@ﬁed'e?! by

entially frustum shaped rge circul ar

selecting Bt sizenopupipay et od heafan yneips bﬁ@e@mdﬂbx ‘Phatﬂﬁélgéhﬁ fQuasystem

t a central axis 56. The bottom end of
paramete{%ﬁlé&évtmﬁﬁ%ig Fgé)g is flared by an inlet bell 58 and the

[0056] bot t Nozal¢ Bxit area:

Increasing this parameter decreases required motor HP, decreases ambient air

exhaust.

entrainment, decreases plume rise. Decreasing this parameter increases required motor HP,
increases ambient air entrainment, increases plume rise.
[0057] Windband Exit Area:

Increasing this parameter increases ambient air entrainment, does not significantly

affect plume rise or fan flow. Decreasing this parameter decreases ambient air entrainment,

does not significantly affect plume rise or fan flow.

9.



of the inlet bell 58 is aligned substantially copl anar
wth the rimof the nozzle 162. The top end of the
wawnodbznes 52 is term nated by a circul ar cyli neCT/U82005/001968
ring section 60 that defines the exhaust outlet of
[0058] the wxhajisl 1kaghassenbly 42. [0049] Referring
particularly to Fig. 6, the wi.ndband 52 is di nepsi oned
Ingregsing gys pRramel§r FSFeRpss AnRgnt eeriiguumenl 1Berepsss BHMGSS
does not AFEPRKINMUR af¥BeBisin th?iﬁyrﬁﬂ&teﬁaécxéa@é@rﬁmm X ARSI e I
exiting the nozzle 162. The anbient air enters through
decreasesglume pise. soegyags akigFtdad flofet ween t he nozzle 162 and the

[oos9; inl eWi}?cﬁJakd%ﬁﬁ%rwﬂﬁ mot ededty arrows 62. It nmixes with
the “swrling, Igh veloclity exhaust exiting through

Ingrpasing thisparamaier INSECARSAMMIENT AT AWFEIMEY IngIRASSE GHIGYEse,

.does not %ﬁ%gga?xt %(ﬂ"g b@&eﬁné e I%a?}@m@t@r ARG MENERREG alentlafBRQE A

. eatures on this system serve to enhance the
decreasesgrieme rigenslaes ndt affgetiee flowai r and i mprove fan

[0060] tellcwfei P(\&Arﬁeeﬁg%lglﬁ%fbg éifshgésiﬁ hﬂltef%o,u’%g)llé 1 AfhsBhted h6w Qﬁg%ﬂgaﬁ?@éngth

1 X een to 1 ncrease a
changes th¢ amewntrodientrained aybisehar i thp exloast andTable 2 ilinsiratee hewt

windbandéér%(é elﬁrg?t@{ %@nﬁ%ﬂg ah%aﬁf%%b\é%%fé%ﬁ%@[e# ve to the

e an € inlet bell
58. The sane is true of the ring section 60 at the top
of the wi ndband 52. lfA%?“(oﬂii on to any inprovemnent
Y%

the ring section 60 may, p I d .by i ncreasi ng the.

axi al hei gmﬁ%‘—q@gﬁhdband E%“—?Q has been found to
i ncrease anbi ent”%ﬁ entrai nnen /9 5to 8% Testing
has shown that A?#sh changes inl§4% | ength do not
significantly aPP&rcht his perfol¥ince enhancenent.
[0051] It has been discovered that anbient air
entrainnment is maximzed by mnimzing the overlap
between the rimof theragis g 162 and the bottomrim
of the wymgdbatd B3t Didmdtdre pref piugsh enbodi ment t hese
rinms are alignegygypstantially copjsapar with each

ot her such that i e is no overlgpo, [ 0052] -Anot her
feature which shgal icantly irrproi/ﬁa/fan system
operation is th& “shape of the nozZl’d 162. It is

co ractice jn this art to shape the nqzzl e such
[0061]  { yar T1hkeS HBieHaGS Po‘ivégwmgmt&;ﬁ episgipe] FOIPRLF ehanges as a
function offfRE#S exthRAAnd MableeNiInstatésths réifionERipDetAdentiBe amount of
. .achieved by tapering the outer wall radially inward
entrained gmbignt pig gad windbead goifhateinner and outer walls
radially inward to di rpgigyifhe exhaust towards the

central axi o di sco f the -8 WO

2005/ 072258 g 01968 ool "N ention that

anbient air entr tgrent can be E%}eased and pressure
[}

| osses decreased”
A3 fi 165%

TABLE 4
Windband Entry Area Dilution
10.3 £ 176%
12.9 ft* 178%

[0062] In Tables 1-4 the dilution is calculated by dividing the windband exit flow by
the flow through the fan assembly.
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by shapi ng the nozzle 162 such that exhaust air is
directed radially outward rather than radially inward

W owan2sg he central axis 56. In the preferredPCT/US2005/001968
enbodi nent this is achieved by flaring the top end

[0063] 166 REs hli@gn Ah8HlaRo Fid62 ahln 3 e&ﬁ S8R Blenibddiment of the
i ncr eased several percent and pressure |oss can be

inventioryig geRséantigBy thy sem%wlterprﬁﬁrr@d smbgdimgnk desciibed abvejeggeny the

nozzle edd tl'lé"ﬁh%@sce‘?nﬂl‘]‘ 46 ?é tho&fibd & EH addfidiee s¢@nlh8z18 a8RMmbly
nozzl e perinmeter that results fromnot tapering the

50. In thigiseeqnd epehtadimers theentern will i Ofhalk e fan aspembly|is tapeigduadially
inward atlif¥&s tﬁb@lséi‘fcﬁtg 0 2 Tkt %o£ﬂ§ 53 'vvqi hcﬁflg 1r&1‘3 ‘ngﬁ lbé%hléff@&ends

upwar d exhaust om1t h t he annul ar
straight ugryatfb beviandi the pezrle 1h eTmee@ndfmazlel@@er@mm 50tinafrupljim-shaped

element \bﬁ@lg !isnlgst%e éistoQHé tentif2li! oi'tQ)Qx ogttﬁéainﬂgxt walk) 86 b & ﬁ%ﬂétg 59' it is

Ivert ange Irection t he nozzl
flared aropgg its pOBGB]enfés Ermi angm]@ébclﬁ 8 bianilay ta thaFmgthesvméh@deﬁ%t The

second n@iz[e %sl?erﬁit)lﬁ/%oqg @(‘M&eﬁt’i}lctaggﬁ%ﬁg uﬁlglegafg g?égﬁgé@géﬁg gﬁv\k’gls fx?BIIanar

xhaust al
with the tﬁih |esd aﬁﬁleemneravaﬂ 106Ito\fmrroan amtm@rfspmdtscpomifnqmb 1 ar ed
e L{ t
therebetwlegg B{%% s u63l Bgs&%ggrﬁlq}l&(ngl% ﬁer&nfgeé I?)‘ta’lih% 5€ oLniggi no%?ﬁ%%ér&gy 50 and
extend umh?urd amd mhiallyrmmvhﬂdeto isusiotiethe fwindband 62 hdte windtH08 4P 19also

i Loy e T B b
substantuﬂly&r@ldr&r wahshemag d:mi 06thekécbridnozole$9d Lalioy sltdrhetivteop

of ,t he e of . 172 seal s of e
embodimgRt Rratsoinariblrto TR fedirinedg s Enedte grot el thher
outward ﬂaﬂielrthhaﬁapemgthdout&xﬁ&mm sach that rain wll dr \%nl

out assageways. A e this S not ,an i ssue
[0064] e REFerRes R ogEel b ey lie se Sensen o5 Bee end of
the second@idz18 h&semb dyosa hel tha Bu@ﬁ ssan’qlom fordrenfitst garSthiéllo®. which
[0055] In addition to per f or mance enhancenent s

ambient i iefs 8 PUBERADY 3rFRY 3r (i S irapted VBth g St pighair exiting
the first RR2A8 BBy di1@8 GitS SifnSigHy, thO aki$drQPhdedictwébnl tRe (363 chfOf the

speci fic needs of users. _Such user specifications
windband i pishige seaoqamogsle assrmblt Shfarms giseeandieap dhrousthliangent
air enters3s hﬁﬂléiﬁ’éﬂ W SPow@ED1 Bk afiif entBCbASRIETHR dhcb Bi1SRYH RRAYEair

roof top. User objectives include mnimzing cost

exiting ﬂwawqmzmﬁ@le pare ammﬁ didute sheexhawstniAsivith @ﬁfﬁéﬁtfm@d@hem
[
further a %?étgjg}oi%/\lleﬂltrch %H}ekssﬁﬁﬁﬁl%h %ﬁﬁgmayfg‘lgél Shl g@gg?to? g% gtlglg encp{;f the
inner walt 40 asshowarin Figrld ytasrosy 67 dleg ﬂﬂ@tp@ﬂleuemhﬂsgbefmm it [swseljled at
high vetoPfe St b8 it 4 J6E ERCOR LGBARESETE! ©C TP Mt
decreases plunme rise. Decreasing this paraneter
i ncreases required notor HP,
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A 41

i ncreases anbient air entrai nnent, increases plune

rise. [0057] Wndband Exit Area: Increasing this
WE22008080268 | ncreases anbi ent air entrai nnent, POBEBES200$/001968

significantly affect plune rise or fan fl ow.

Decreasing this paraneter decreases anbient air

CLAIMSentrai nment, does not significantly affect plune rise
r ,fan flow -9 WO 2005/072258 PCT/ US2005/ 001968

“fecft%%g} W ndband Length: Increasing this paraneter

i ncreases anbient air entrai nnent, increases plune
1y i seAn eybaust HBRSLIFOAE Wik FompEIRES: Decr easi ng thi s
para ARG tt?zﬁ!gie hibstgidiB Y TRitcal cavity therei
decr%gé‘gtér %%EJﬁg rlge, o@gsn%ltu%sémcﬁl fygﬁ f(IEaO\?v?VI(yOOgréen
having anin ditbetrfdrokeat at yis Boe@m(Eeniinor ef fect) Increasing this

paranet er increases .anbient air entrai { ncr.eases
bl und FRgene gL R dtstee é%fhef%effeflf}w&@%? i perifigtirdn
the cylin(g?craﬁeﬁ/tit%rto dRIAERERS 2 28RN o &iéd @é&ﬁhg lcR4EPdrand a surrounding

ecreasés plunme rise, does not affect fan flow. §0060
annular spage, e amsl enclossd vepllshpans $piacetl wysard fjonTHigiagr iplet to form a fan

i]lustrates how.wi ndband, | ength changes the anount of
Chamberg{wtlll?%f’ﬁ%'ao 5 H&%ﬁaﬁ)c?vﬁtyt he exhaust and Table 2

i 11 ug bb@diB p1AORistebMBRRE Botldth endl b AR Rier ehabgRiswilhe
anmount of anbient air entrai nment. TABLE 1 W ndband

Lengt Fotgiblytemtedshaft hegsteriigdhe raring chamergnd sytendug

%. TAB 2 W Lt ter Dilution 17 inch
downwarfldfigher] B oy fm N6 A0 thefthh ﬁh%@%}’f[ 0061] Table 3

i | | us Fmadtiashdiawthidshafinmd beingfdispotedinnke faardhamiber @i draw

changes as a. function of nozzle exit area and Table 4

exhaust gin inropgh s airislet @dhlpyiitwpard dhiggh theqanalapepicegind

a motor coupled to the shaft in the bearing chamber for rotating the fan;
wherein the annular space is constricted at the top of the outer wall to form a

nozzle.

2. The exhaust fan assembly as recited in claim 1 which includes a plenum
fastened to the outer enclosed wall and disposed beneath the air inlet, the plenum includes:
a housing having an upper wall with an exhaust outlet that aligns with the air
inlet and a bottom.wall with an exhaust inlet for receiving exhaust air from a building; and

a bypass air inlet formed in one wall of the housing for receiving ambient air.

3. The exhaust fan assembly as recited in claim 2 in which a damper is mounted

in the plenum to control the amount of ambient air entering through the bypass air inlet.

4. The exhaust fan assembly as recited in claim 1 in which the outer enclosed

wall is removably fastened to the plenum to enable removal thereof for repair or replacement.

5. The exhaust fan assembly as recited in claim 4 which includes a removable

access panel formed in one side wall of the plenum housing.

6. The exhaust fan assembly as recited in claim 1 in which the upper end of the

inner enclosed wall is flared radially outward to form said nozzle.
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entrai ned anbient air and w ndband entry area. TABLE 3
Nozzle Exit Area Dilution .79 ft2 120% .52 ft2 140%

WO 2850125865% TABLE 4 W ndband Entry Area Di | BET/082005/001968
10.3 ft2 176% 12.9 ft2 178%[0062] In Tables 1-4 the
dilution is cal culated by dividing the wi ndband exit

7§ | owThy exHanet fhih membrmghcitdmeinfcmamm lincludek@ Wiiband
2005/ 072258 PCT/ US2005 001968 ?ﬁé ferri
mounted e, fhejuppergndyof thy qitefenclpsed gl Lﬂée i\ E?WBSP stum-shape
I
with o1 B e R e e K NP e
Substantlml@ZQdffhrﬁnd/lﬁhfsaﬁhwzﬂan assenbly 46 is nodified to add
an additional, second nozzle assenbly 50 In this
seco out er wa n
asseig? ?Xrﬁ)aéwtt 5%8?58‘&%&;1 rﬁ?‘lt‘ifi m Cmop thl% ulg‘ﬁlgrr endof the
windband & flREdRiallyoRtw 82 Fenmbah Widt Bellhe i nner wal | 106
whi ch extends straight upward, beyond the nozzle 53.
The second nozzle assenbly 50 is _ a frustum shaped

9el emdhe cxipmustian gsserblietragcifes inshaimyt Brigueh BSV'tHPQﬂ?ablfmg is
formed 2 &%l}hﬁé}e&d‘@ﬂi v}ﬂlﬁbﬁﬁl brackets 55. It is flared

tome to forman inlet bell 57 simlar
to that on the wi ndband 52. The second nozzl e
16sseffhé yxiE@st fan assembiyt as recisdaointcldimel innwltach el ihngGBclosed

| dits._t d is,coplanar .wth the top end of the
wallextepﬁq»]%pwzg& ]gg‘ﬁ)‘ge%zzfl%raﬁfléfﬁ‘ W\é\qugigs'shaped second nozzl e
59  Lhesabebyas stex%ﬁ%h@ﬁﬁe@@o fhashRp eﬁ’(ﬂ@ééﬂdwélhﬁld having a

perimeter of the second nozzle assenbly 50 and extend
frustum Sdnpwawd:h armfculadowﬂnmg itsviep and WhF‘yhpprlﬁtl athihe dignenclosed

d |s al so ned axial with the
wall and 2atafal ) B B8 ST iRt el B WAESRER 20 Bt it o
| owep wehdbahd mosmtbatta tHd ebbnd foRleaRemblly bhid hRent aFnensh
of the second nozzle 59. In this alternative

shape withtheigiutas epening peitslowsr prrbwhishds eepxfad vatht the ixrer grclosed wall
and coplzpn%% ﬁk}étr% t?%to Bloﬂﬂqune%r%gxcfo Yol 106 outward

{'a pering ou er wall 100.

11.  The exhaust fan assembly as recited in claim 10, in which the second nozzle
- assembly has a circular opening at its lower end which is coaxial with the inner enclosed wall

and coplanar with the nozzle.

12.  The exhaust fan assembly as recited in claim 1 in which a passageway is
formed into the bearing chamber from outside the assembly by a passage wall that extends
through the annular space between the outer enclosed wall and the inner enclosed wall to

provide access to the shaft and associated drive elements for inspection or repair.

13.  The exhaust fan assembly as recited in claim 12 in which the motor is
mounted to the outer enclosed wall and drive means extending through the passageway

couples the motor to the shaft.
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[0064] Referring particularly to Fig. 13, the annul ar
space between the |lower end of the second nozzle
wa@e@snid2ys 50 and the outer wall 100 fornms a fiPGI/USENS/001968
t hrough which anbient air enters as indicated by
arrows 63. This air is entrained wwth the exhaust air
1€Xi t ThgexHaas fhn psembbzalrecited ih olaith [1Qtie which Siegohdar | vy,
t he gpnular space .bet ween t he Io r end of

e
passagewgy iy SAHRE § fiopyoute agf%ﬁ%ﬂreblsgyfa&?wda
passage WAGRACLARS WHAHD e MG, L EetvonTing oBRY Aol wall and the
inner enchised wdll) andeantesitairss deawn ingxdaid prysagewageashiliowoeutthe B9

end of tn gt iiined Wil bt oo Tl bliParte e ougr

passageways 144 and flows out the top end of the

15.NnneThyettaudG8n assembDIVR reditediig claim 18)n ahichvd ©6f & (ﬁgposed in
dil utes the exhaust before it is expelled at hig

the bearingghagibey ang abovi dhasshrfiie pravet thersame ffoge sybsiruges ?qﬁ@mg the top
11 WD 2005/ 072258 PCT/ US2005/ 001968
endcﬁih%&ﬁ?ﬁéﬁ%g@%pgpn] 1. An exhaust fan assenbly which
conprises: an outer enclosed wall that defines a
16 ubsThaeilmbbtyfan yisiemﬁtyi asakcitd\vn t;Lairn Henevhich thaampcbxdes

- ir.inlet for a ton1e an i nner, encl gse
auitiary flgdes {habdraimarit oo By o6 DEREFS Qscbeghing Cligpet and B fon
chamber Qﬂﬁblbwqﬂ%ldl& ot&@@rdqwo' tﬁgéﬁrﬁﬂ’a{r spal ty to divide it

into a centrally | ocated bearing chanber and. a
surrounding 5 annul ar space, the inner encl osed wall
bei ng spaced upward fromthe air inlet to forma fan
chanber at the bottom of the cylindrical cavity; a
bottom pl ate fastened to the bottom end of the inner
encl osed wall; a rotatably nounted shaft |located in

t he bearing chanber and extending downward through
the bottomplate into the fan chanber; a fan attached
to the shaft and being disposed in the fan chanber to
draw exhaust air in through the air inlet and blow it
upwar d t hrough the annul ar space; and a notor coupl ed
to the shaft in the bearing chanber for rotating the
fan; wherein the annular space is constricted at the
top of the outer wall to forma nozzle.
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2. The exhaust fan assenbly as recited in claim1l
whi ch includes a plenum fastened to the outer
wepesoses wal | and di sposed beneath the air i nP@L/PS100&001968
pl enum i ncl udes: a housing having an upper wall wth
an exhaust outlet that aligns with the air inlet and a
1hot t ammyabd fornidunding ai balisikt faf bheenibbyr onf teeoaf afg building, the
exhaust air froma building; and a bypass air inlet
steps comprsigd i n one wal | of the housing for receiving
b . 4 .
o caunfll s plethm (RIEHR N R BREGTObRE S8} Eirum
aligned vith f0ha@st risérexeemdingt thofugh iz reof, thel pleremt baving faurrvallg with
the bypass air inlet. 4. The exhaust fan assenbly as
removablegapeled in claim | in which the outer enclosed wal

b][ S I GIONRBl eS8 RGAnt R dH SnPhan eiHepl&itak tefora bss air

hereof for repair or replacenent. 5. The exhaust fan
inlet theraimsenbl y as recited in claim4 which includes a

renovabl e acces nel for i ' I he
chi entiarT gt B erema e v e By YR e nd G,
dj N ChRuftidg 4 PniRiGbIY BeepRRiticEindhofoptdiehe plomean;

enclosed wall is flared radially outward to form said

whorei the selectionfarus paeb beremary issitrysyisd fyghe physicph fayout
. exhaust ssenbly as recited in claim1 which
mmnedﬁpﬁ% %Hggﬁ@ﬁ%ﬁndband nounted to the upper end of the
outer enclosed wall, the w ndband having a

181 usThemetiades reditel imclaim ¢ Gindiichapelndesg at its | ower
end which is coaxial with sajd nozzle a e | ower
cbnd PEeClyElIFRAYINGI3 SFC agafaﬁgowaﬁﬁth%wvgfﬂt@’ﬂp&nugﬁ and
The i ] ' [té8 ddjhdent the first
Oui ¢ PERETsLAM BRERHPON P ol Binl i @iex dljhdint he §
plenum wigtdthair walle fitowawtlichdhdé sacomdiparichlseembiedd abudtingTéaeh efisaust
fan assenbly as recited in claim7 in which a
cylindrical ring is fornmed at the upper end of the
wi ndband. 10. The exhaust fan assenbly as recited in
claiml in which the inner enclosed wall extends
upwar d above the nozzle, and which includes: a second
nozzl e assenbly nounted to the inner enclosed wall and
having a frustum shape with a circular opening at its
top end which is coaxial with the inner enclosed wall
and coplanar with the top end of the inner enclosed
wal | ; and a wi ndband nmounted to the second nozzle
assenbly and having a frustum shape with a circular
opening at its lower end which is coaxial with the
i nner encl osed wal |
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and coplanar with the top end of the inner enclosed
wall. 11. The exhaust fan assenbly as recited in claim
wagosiore2shi ch t he second nozzle assenbly has BCT/US2005/001968
circular opening at its |lower end which is coaxi al
“With the inner enclosed wall and coplanar with the
191022\ &yjenhitn foF AR efbigtiah afambiswhithlcympsiséseci ted in
claiml in which a passageway is formed into the
a pretaniwlgr bittombwiellf r om out si de the assembly by a passage

rffte A B R0 Rep LR e AR O a2 B § I B

chamber;pr ovi de access to the shaft and associ ated drive
el enments for inspectiqgn ir. 13. The exhaust fan

a Byashir {pleidormacd nggeiof sy éﬁdﬁ'\ Sin which the notor is
Chit®id HE GAYERE wallGha Se@ndRL bufifd Hetdtforeans

extengl ng th rougﬁ t he passageway couples the notor to
a bjpmsshahper rﬂd?aan 10BSH pASRESinkE ThiB20R8Y he hoed and 4.

The exhaus an. ass as recit m2l2 in
angicer s deand pasoageny T SR rERneR bbb s
Chambermm%ngr;cgm outS| de the asserrbl y by a second passage
that extends through the annul ar space between

the outer enclosed wall and the  inner enclosed, wall,
2Gnd Bhbplenm ab recited gy elpin 1 hrdichdnelugriacan Shehhavingan air
t_the top end of the inner enclosed wall to
Ouﬂetf()%egw%ergﬁ ar}dr exhausted through said nozzle. 15. The
aiebiation dimperatidsith novatedrie diet aidoutiet suchithatIMe isolatibin démper
roof is disposed in the bearing chanber and above the
Canbeea@ﬂﬁéﬁ“@é“ﬁﬁdﬂ%‘@?“@% same from substances entering the
top end of the inner enclosed wall. 16. The exhaust
af an ?gé@ ™ a§‘§ccﬁt%& i Sigln’l ) ﬁ{ @hf&h lan IaBcadp &t Isrf@rrﬁé'lﬁn each
I'ncl u auxi lrary bl ades that draw air through
of the rerhaiaig te side avallste elrdde aavgssdb drebdhambadfroment i thremadwf the
and blow it radially outward into the annul ar space.
plenum. 14 \Wp 2005/ 072258 PCT/ US2005/ 001968 17. A method f or
nmounti ng an exhaust fan assenbly on the roof of a
buil ding, the steps conprising: a) nmounting a plenum
on the roof with an air inlet on the bottom of the
pl enum aligned with an exhaust riser extending
t hrough the roof, the plenum having four walls with
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renovabl e panels; b) selectively renoving a panel from
one wall of the plenumto forma bypass air inlet
W bh@seinss c) nounting a hood to the pl enum whi BOT/US2005/601968
the bypass air inlet; and d) nounting a fan assenbly
over an outlet in the top of the plenum wherein the
g25el e 181&&@%%&1?@%%%&%@&9&9 compgigéser m ned by
t'he physical layout desired for each |nstallat|on
a&ﬁanMQrWEkmm@aHs reC|ted in claim17 which includes:

TR FRE o TG ST AT Py RaRarT gl SR R Fop o

chamber;€) W th a second pl enum nounted adj acent the first
Elenun1mnth their walls fromwhich the second panel is
vy eid irdetformedyineenstel stif eide wabls\wWO 2005/ 072258

 EULHGRISTAT Pl LA 05 PO o

said one §i@¢HvaB iafl€ s1opéd oW Gl t« Dofmecdript cﬂlganﬂldeXt end u pvvar d
fromthe bottomwall to forgl cha ass ai
a lip Feamed plopgcthe Arip sdeomdsafeandinedwwagd | reff&ﬁh YRObiaH
rd therefrom
flowing dy{ 8 SR Dot Bt B e R T e
beneath t he hood; and an access panel forned in
anot her plenun1side wal | which enabl es access to the
chanber for maintenance. 20. The plenumas recited in
claim 19 which includes a top wall having an air
outlet fornmed therein; and an isolation danper
slidably nmounted in the air outlet such that the
i sol ati on danper can be easily renoved for
mai nt enance. 21. The plenumas recited in claim19 in
whi ch an access panel is fornmed in each of the
remai ning two side walls to enable access to the
chanber from any of three sides of the plenum 16

17



WD 2005/ 072258 PCT/ US2005/ 001968 22. A plenum for an
exhaust fan assenbly which conprises: a rectangul ar
whodosom2egl | ; four side walls which connect toP@mtS2005/001968
extend upward fromthe bottomwall to forma chanber;
a bypass air inlet formed in one of said side walls; a
ood ,nou teg to sai.d one.side wall and having a top

2 icﬁme ah ganoaa§% ?ﬁ“ﬁhﬂ%lrﬁo“g)éﬁs%lszone side wall and

a® b@eeendisyet walldhit Aefifds sabstantilledgRdreAl cavilyl therb@rHa®hg an
o al o@r;g the drip edge and extending upward therefromto
air inlet fgpragdpititsgettem enflf owi ng down the sl oped top from

o P G RY 0 o ek kh BBl H FRon O R
cylindricalaapity seforman antrtler spaacthosbdiwwah] t hat defines a

substantially cylindrical cavity erein havi ng.an
a gy mppnted benshthbe s ml?tsanséﬂngmpsq%{é g Rlqv peraugii gieuie

g{keéj 1 outer enclosed wall and
amularsggése!tﬁoglgg [ nr{n%é’ znl?yl indrical cavity to form an
aanralé formsp atthetdrecelbof heamer and antenwallt eyl flampete oyt ¢rel of
. air inlet and being operable to bl ow exhaust air into
themnert"f?é“a‘gﬁﬁm"aﬁwaé ace through the air inlet; and a nozzle
formed at the top ends of the inner and outer walls by
flaring the top end of the inner wall radially
outward. 18
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