EXHAUST FAN ASSEMBLY CROSS- REFERENCE TO RELATED
APPLI CATI ONS [ 10001] This application is based on U. S.
Provi si onal Patent Application Seri aI No. 60/588, 074
filed on July 15, 2004 and entitled "Exhaust Fan

Assenbly,"” which i VI si onal Patent
Application Seri al %ﬁg}ﬂﬁd@%{;@wﬁ ed on January
20, 2004 and entitled "Exhaust Fan Assenbly.
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copiaminatéd apdideskhaddtithe @ilded air upward from the top of the building at a
high velocity. The exhaust is thus diluted and blown high above the building.
Examples of such systems are described in U.S. Pat. Nos. 4,806,076; 5,439,349 and
6,112,880. Prior systems are expensive, difficult to safely maintain and not easily

adaptable to meet a wide range of performance specifications.

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 having an air inlet formed at its bottom end; an inner
enclosed wall fastened to the outer enclosed wall and positioned in the cylindrical
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bl owi ng the m xed air upward to a substantial plune
hei ght above an air outlet. The exhaust fan assenbly
i ncludes: an outer enclosed wall that defines a
substantially cylindrical cavity therein having an

Sy PSR BT ) B9 B Do RS 5o

spags, theoneer anclosedwaly being spaced uplvacdfromythé air diletitalforita fan

' | y b
i DL C NN T i—
epeichihedpreet edclogadawall; Brotatabhemainted shadt lotated or the dehrdny

e Tl e

fanrattasheditoribe shafhandbeingtisposedin tredas khdmbérdo atavdextaust air

; | B0: : ngi downwar d t hropugh
B el AT Bl P WO R R St R Ly
couplechie thée alfaft indhk besring champersfedrdtatingtbe fampwhbirbibe ahoular
&Qﬁﬂi [ ' 01N and blow it
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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. -1 a [0006]
The inner and outer walls are shaped at their upper
ends such that the area of the annul ar space is
substantially reduced to forma nozzle which increases
the velocity of the exhaust air bl own therethrough.

In a first preferred enbodi nent the inner wall is
flared radially outward at its upper end to formthe
nozzle and in a second enbodi nent the upper end of
the outer wall is tapered inward to formthe nozzle.

[ 0007] The bearing chanber is conpletely isolated from
t he exhaust stream thus protecting the fan drive
conponents from corrosive gases. An access opening
formed by a passage wall which bridges between the
outer and inner walls provides access to the bearing
chanmber from outside the fan assenbly to enable safe

i nspection and mai ntenance of the fan drive
conponents even while the fan is operating. In one
enbodi nent the notor is nounted inside the bearing
chanber and connected directly to the fan shaft, and
in a second enbodi nent the notor is nounted outside
the fan assenbly and is coupled to the fan shaft by a
belt drive that extends through the access opening.
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[0008] To insure there is no | eakage of exhaust air
into the bearing chanber, the fan wheel includes
auxi liary blades which create a negative pressure
relative to the inside of the bearing chanber. Thus,

if there is any | eakage, for exanple, around the fan
shaft or its supporting bearing, exhaust air cannot
flow into the-bearing chanber. [0009] Another aspect
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[0010] To turther dilute the exhaust air with ambient air a windband is mounted
above the fan assembly and around the nozzle. The windband is ﬁustum-shéped having a
circular opening at is bottom which surrounds the nozzle and defines an annular-shaped air
inlet therebetween. Ambient air is drawn in throu gh 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




which forma part hereof; and in which there is shown

by way of illustration, and not |imtation, a

preferred enbodi nent of the invention. Such enbodi nment
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puipose. sShown in Fig. 3; [0020] Fig. 7 is a viewin
cross-section taken along the plane 7-7 shown in Fig.

3: 50025 Fig%éo8 iS a viewin cross-section taken -

- BRIEF DESLRIREIONOMTHEDBAWRNG W in Fig. 3; [0022] Fig. 9is
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o013) 3 KLERLOUARSY AR RO KAOMEIAISIE M ol
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in Fig. 2;

[0017] Fig. 4 is an exploded perspective view of the fan assembly of Fig. 3; . 2
{0018} Fig. 5 is a partial view of the fan assembly of Fig. 3 with parts cut away;
{0019] Fig. 6 1s a view in cross-section taken along the plane 6-6 shown in:Fig. 3; -
{0020} Fig. 7 is a view in cross-section taken along the plane 7-7 shown in Fig..35
[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. 104;
(6025} 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

exhanst fan assembly of the present invention;
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[0028] Fig. 13 is an elevation view of the exhaust fan
assenbly of Fig. 12; and [0029] Fig. 14 is a
schemati c di agram of the fan assenbly show ng the
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[06033]) 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 fesponsible 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 automaticaily control the operation of the system.



[0033] The building can be equi pped with nore than one
exhaust fan assenbly 42, each such assenbly 42 being
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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 focation 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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[0037] As shown best in Figs. 10B and I CC, an
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| plate 102. )g(:ére& ‘?’% eﬁ@g%@stetlgl G@!aggwgld%? ﬁxreo'u?xd [thOr%%J n‘gﬁﬁ 13) 'eirt])gter wall 100 . -

an asse
to help suppa@ianam ypright pogtowalthdugp thef naohizer pif gn&sErusélAM ritiyedifizn

depending (21? gaﬁv%% Sﬁé?ge}%ai 1%591{1% e%rl]i ul aa{il ﬁﬁsg a%kﬁgg cépgl}a\gﬁsrl‘ ?PI}%F]%V&H

106 which ﬂwpiee dg:e;hahbeﬂﬁannecbbﬁtt@mmr wrdlHK) iato thfx@ paRas4 ecgmb

bearing chagiipef 08, r¥iFodnlidg atidranaccrl o e i re bl ndetand e

walls 106 ad& lomragba ﬁ:emlmiﬁr oz ldcewalbe%tlﬁth tmsmwammt ohé[ 0040] The
renp e e napl e acces e | rior .

woezt o RERGERRIAR dororedin S foamenarn: o amd i RapibE

" fastened byrachehnmgl Ieaton lﬁﬂ&ﬁﬁﬁlﬁ&fn 6{\@@6&:({ ) th@bbtﬁ)tﬁaﬁi@ omﬂrégﬁﬂér wall

tor ve t entir an asse
106. The ity Yl 4 bPiehE Tosiniard i thd fin SEEBHE1 11238 sinpet f%év%e*

120 on its [Pk&Tort) A it é)ltélﬁis litpﬁraﬁﬁﬁﬂo e Yeadin@étaaiber 108 Where it is
advant ageous for the buil ding exhaust air to

s
rotatably suppeyiadrhty anipger bratige dddmibe uppr ey ki igstens to aherizontal
plate 124 th‘ﬁ@éxrt&td@ Gl 8 EntEmftﬁgbpﬂfn Q&Hhmb& l@%ﬁ is fé‘,‘%’“‘tg“ from

['ati ons propriate panel 61 1sr
below by a seb ofrgadsets 426 alam:d amued tlmntemr pf thedearing chamber 108.
[0043] Referring particularly to Figs. 4 and 5, the fan wheel 120 includes a dish-

shaped wheelback 130 having a set of main fan blades 132 fastenied to its lower 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
MODEIL QEI and described in pending U.S. Pat. Appln. No. 10/297,450 which is
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44 and the bottom of the plenum housing is encl osed
wth a bottomwall (not shown in the draw ngs).
[0041] Referring particularly to Figs. 3, 4 and 6 the
fan assenbly 46 sits on top of the plenum 44 and

incorporatefl HEYGIBY f‘%ferewq e the TarpdeehiR0is woted iexhayss aindiogethe

plenum 44 fsQrARE upR&dARIIAThLAB Rt TbRR lﬂ@tﬂe iflet3he Q§8 %cgﬁbwn
gussets 104 are wel ded around the | ower end

radially Outwafde?nq/m’faffhgﬁo theqrngalap spass P s Fitowmbsaarrwpqe i4fht
{0044] pOiRetfd:rﬂﬂg ﬁb&i&mﬁ%} tb ey Bumaeamm E&SBMSO ﬁé t%%ﬁrﬂbé BF he

pendi ng fan si ze. upporte I nsi de t er wa
fan wheel li%erqdéw%\aaﬂlﬁﬂhmlftwaf dirrgiredcpiy Howsr Sinat the shod. Ao lowe

bearing llSCBh\éhﬂq&o%HSa“gB@m Jxﬁrtﬁggo@ﬁngiﬁe P4, 56 s?%rlge ot AP shdUi®be.

hree. parts: central beari ng_ chamber

available a"étﬂ“ﬁ ST ¥ ool wllgefigpd cHowgver) kf@d@aéfcshbemm eheir flow
pattern is estABRReARTIRL B is Al TrohD e Lhapid 1%%@52‘ fihagper

| ocat ed beneath the | nner
radially outyprgthropgh aigsp fpunsdduiveen thpepreaint afithe Hamiybeel 108 and the

oo i 16 A4 ot oS ST g g T

. we
.aleﬂi\ShOUl‘i@GC“rThe fan shaft 114 extends downward into the fan

' [0045] C h%‘@&.& td-th HeQrind! BRRter 308 %ni"@.ﬁ&he ﬂ%ear Q%Shgﬁfa%‘é’e r

end, and it extends upward into t
provided by ttyg papragewsys foamed on eppusity sidep pbs shevridyeshin Figpd; 4 and 6,

o psae 3 4 oy 9055 B LGB v i 0
and inner walf 1@twhisharg ﬂgm@ttaﬁbma phEBgandlliidd s The padsege fnldiu4
R o G Tt e EC R —
As shown beséint Figub an¢ 9311 looléltlgsugMelﬂmd oﬁthctphﬁagamy&hﬁdlseé.ﬁﬁ fan shaft
| back 1 h t . of
ot s LB 18 i, PR OB Rt
these clemerds farenspettiandd repaiy. fan bl ades 134 fastened to its
061 RS B e AR BB kchhber 108
also enable apRNidARE eotel 1500 bladcatd@siRside TR Fard LUEHbIyLANS oupiRi %o

136 fits around a circul ar-shaped upper lip of an
the fan shaft; 1&?@%&%@%@ Pﬁa%sazeagqyén@thmrefam@fl embediment ipaarator

150 is enclosfeﬂ Qﬁhﬁﬁtﬂorbﬁﬁ%r Pﬁi&tﬁi &Q&m&” Hﬁthfs 6(1&%/%'106 %\gtl} 1]?5 ﬁxgﬁ‘ l)fﬁd
whe such CONMMer cl a ly

oriented Veﬂtﬁagzén WBE mﬁgrrﬁheﬁ Apd rl%‘f‘?‘&ﬁiﬁddﬁ der fatl Weaft | Hbyrabilt 15E3K

extends arou@;; ﬂé;g 188964 '1@@ Aniehle Qﬁg&klwsﬁ&@ 15k %& d 1% phﬂan Mimative

450 which I's - ncor porated herein
embodiment degcsibed ifeco-penrsing Hes. ﬂ)awnvwméilcatmrﬁer@l Not w@az;,saxuaum

“Pivotal Dxr&i f)nfvE mt[')?]eor ﬂdﬁgm%émbﬁf d{h@\é’ﬂ;ort] erof%@ggg e@lul_g@?{:t bearing

chamber 108 and 1ts shaft is coupled dlrectly to the fan shaft. In this embodiment the
passageways allow access to the motor 150 for inspection, repair and replacement.

[0047] Referring particularly to Figs. 3, 4 and 6, the exhaust air moves up through the
annular space [10 and exits through an annuiar—sha;ped 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
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radially outward and upward into the annul ar space 110
as shown by arrows 140. [0044) Referring particularly
to Fig. 5, the auxiliary fins 134 on the top surface

strat ghtcngﬁ (SA?I? of Eh@ '%xﬁ\ﬁlf%?b:r :J,!g’ 9 l@a{vgg Garfarf Pt Rld rﬁ%ﬂ?"\qﬁg action of

air Si nce t e shaft. 114 ower ]
vanes 1706@ab¢qmgfomlf8t05ln9wp%¢ the @mrdemantgxf aenbiged pirjptothe pxhapsitas wrill

be d bQJ!ﬁIrﬁq Sown0 source of air should be avail able and
© st hi's gflt} Pl'ow is not wel | defined. However, if a |eak

(0048} s hoReferong prdicalarlite Figsohanpaitavendbangd Fists appunitsken fha top of

the fan assﬁfﬂbgh E!.l‘élg.‘!jt[ ﬁ%o%%l? qug% gﬁt @tf Hr Eﬁﬁi’q{? attﬁ%d %Hﬂmd the

perimeter bféﬁlmewr wall 10gpad tlaersme@tcnd neward mnmw lﬂ@@w@rdj fromdts top,
rim and fabeh Pk Wl?ﬁlﬁtn%%a e v?inﬁ H|5t2’ls g@ﬂﬁ% x{h*rﬁ%ﬂﬂ%&l vY(nh a

escape into thé bearing c arber
large circuddrbottomapenimg cp8idly alkgredsmitlt ihe ammltnamzzleglﬁaradmbm cehal

wis 6. ThE BO G eho OF s iatiPhe s Gl ailet BAEYE A naplibicim

of the mleﬁreySSS is ah?neﬁrmkbﬁtanﬂzﬁhﬁ&bpbﬁﬁsﬁgbvmnr:;&f oy maealebh62. The top
al-i gne onga ni.n ro

end of the St U557 <0 RARIna e B i s feical Hhe o 2B B4 fncs the

_ cxhaustouﬂaaﬁagecmuht Mésseﬁmey@:assage vvaII 144 encircles the
pas [ L.es | fro ul ar. s ce, 110

woss] PR RERIpRaTEIThiRSG the WiddRubd i B eBFioR R ey o

positioned O¢lati @:a0 th@@dxzzldwtmmn&atmlaﬁhqunmmgﬁiwetﬁ aitRfto 3R

.the.f shaft 14 and, assqci ated bearin 18 a
exbaust airexging e H?%%h@% ﬁ% aphical 21t st fyoncihan '}

between the R8sgle e6EARNNE ihlRf beINSPRLiRACABY aloRgiIR. It &%@)wuh the . -

errin ticularly to Fi assa evvaysmto
swirling, h{af*e elosit %ﬁgmshs’fmgg thrpaet g7zl léiam@ﬁs RIS crReAsk or
- through thé &hatier obﬁetlmlaé cmﬂ&@wﬂﬂbaﬁussz‘ an asserrbl y 46 and
coupled.to haft 114 throu e of the

oso  SouRaBeOat eafiresah Brapiterutrie b Gt e the FETATIREH oOf

ambient alrliﬁﬂ inpreRdhe efikidtya 'Fﬁ@tfﬁfeclqﬁlé@l&elllﬁ@aﬂﬁg boBslFehd O
he uter wall 100 with its, shag 151  oriented

windband 3kasbesy fopudp inGeease pmbjest air eefraipmeniyieyeral gercei. ks
lmproveme“n? ai dir drkfhitihert @?élﬁtﬂ;e%ﬁmﬁé@hwc%Hﬁ%%lcﬁfﬂﬂ@ ﬁa&udnh %( ﬁle

8 and 160 on the respective shafts~154 and
size of the aﬂetéwkl Sbndhpgame mwv pEing e@;@pmﬁ@dtt the tepop &mmgbamd 52.

' " i cat i i . ed

o'y By Gy 059 KRRl Bl e b
height of theorindbapd (52, ¥ Has beerefbund ta inerepseaanibignt athentiagmard Ebyéﬂ’dto

ou d di.r

8%. Testingfi Wil tob o fREe A Elrabin B et ?ﬂﬁ%@%@@?é‘@fo‘hﬁh c
performance@nbancém@nt or i nspection, repair and replacenent.
[0051] | [e)? ﬁgﬁis[b%g{l gs:qé%gg a'ﬁtt%q% {533@% %lgaml:rlngut is rnaxumze(ﬁj by’
minimizing the overiap 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 nozzie such that the
exhaust is directed radially inward to “focus™ along the central axis 56. This can be achieved
by taperih g the outer wall radially inward or by tapering both the inner and outer walls
radiaily inward to direct the exhaust towards the central axis 56. Itis a discovery of the
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annul ar space 110 and exits through an annul ar-shaped
nozzl e 162 fornmed at the upper ends of walls 100 and
106 as indicated by arrows 164. The nozzle 162 is

present mvé oy l?:ﬁ gﬁ]b{%}?% r%gtrgl%enr O nebr xgcr%aseg (I’,Sgtrl]l' ro%’\slgsl; tli%%egaged

Cross- sectional " area o
by shaping tlsa ncm:lle 462 nuahadhht}c}dhem almad:redte:l raﬂ(}rkls(-camauda'aﬂier tara

radaally m“%r(]‘l owa (ﬂﬂ;ﬂg lc&ﬁra? )ﬁg S 38 t e. pﬁcgfe{rgé %r&ﬁ) bditient rlll 1s {s Shieved by

rease |
flaring the tbh rc-:mh gdiﬁ 0fmc mmz lwail 168. Aéhs cigiaimmenies tncraased:bg Sf:veﬁil podent

170
and pressucg gk Bi e &l 200 B8 S0 BT df Bloc BTG paorgpe
air entrainrteheiseluh &uthe larger mzlctpenassteshathesul @ froandott tapmai@he oufer,
wali 100 ra«liliﬁigf{nq‘}saé&- Pﬁ 1?1961 S &Iat t \éarggﬁc’cgéé? l.?%é(? is ﬂvtlé) Pqtqﬁgtfact that

& Bhrral nien
most of the apivandsixhasst fioiv thrdugh diecs axinivlbee dpdaeritl0as nét&fltb&\butbﬁ@éﬂ]l(}o and

vy o ALy Bt R

dlrecuonbyaheumldt@ nozzl e 162. A set of brackets 54 are
ahed arqund .t he grlrreter of ’he outer wal |l

10053 clrePEReuaty ks o anbiental Slsp dsavidn threy Prs
passagcwayts @@d mixddWitinthefeaBAR0 air @s iR RPevH 2’70 ToE:s Wnibike Bt

flows out the Ppesfogo! B LR %}5‘@%}%’?}@%&% gixg A lh%rw Frapding

from the subUndind nd28%2l62. 13 andRstlt af i€ BRE biftked ﬁf?ihtsthé Onsidd & the
bottom end of the wi ndband 52 is flared by an inlet

exhaust. pe|| 58 and the bottomrim of the inlet bell 58 is

[00s4] 2l g esamg gm%ﬁrst '4aJs th 9% Bt ok m d%rji’@e daggw& i e bearing.

nozzl

chamber 103 &om theeletopts, asbppd: mOef rl’!ays formmi sbaverthetppsat ofdhe 60

it 114, B0l 858 G oy B L0 5 05 0P
wall 106, aﬂﬂh@SﬂOﬁ%mt rﬂ@ ilidrnini o Ehe RasERECYOS-t dnﬂedlus is mot an

issue while {h@ e i Yo nggl e ﬁ’ga %1%5%11& @?heﬁ 913}2:{9{5 3 ﬁlﬁn@ﬁ{e%&%ﬂw

tothe alr exiting
Whenlt!SldiRazzl e 162. The anbient air enters through an annul ar

- [0055] SSHIaJsda{dqu u?géj&@) gfrl{fbgf\:l\s é«!ﬂ?ﬁﬂt@&s&ﬁge q#e%gtstrgcethre of

the exhaust Hwiasdeimbdy lenilg hselﬁdoamstommammde meexihisperifib needgvftoaz] e

suct s s\ B R0l SR SRl

- ambient air, aﬂd asmanhlydmgm abdmsrosijmpe rﬁ&enhgecthces mndiadmmmll’r&zmg cogt,

t ,of .
maximizing B0 alegd PR SpIstomaatn tagbissed B of
selecting thelsiue, ovfiorsipandr, 22 tiebinhiasor 150)a8d b9 chARieaR PIPiBRin

ent.ra.nnent by several percent. This
parameters lﬁustrated mn %1g 14. y P
[0056] Nozzle Exit area;

Increasing this parameter decreases required motor HP, decreases ambient air

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.
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I mprovenent in air entrainment is relatively
insensitive to the angle of the flare and to the size
of the inlet bell 58. The sanme is true of the ring

sec '.og 60 At ng top of the windband 52. |In addition
oossr M@ nt the ring section 60 may provi de by
Indréh@fn%&ﬁis rabfefir ifotbkes amBie@bhir ehtrdi@end, HitbaRek é:{amelrise
¢ % %ﬁnd t.o i.ncrease anbi ent ent y ai nnent '
does not atfegt g Tigy EAIAG U B2rEmss ngfseﬁﬁw@reneﬁ%ﬁg%gmmnh s
decreases plam@tiic Abep @bt HT@hfniftat |y alter this perfornmance

enhancenment. [0051] [t hgs Eeen di scovered that ..
[0059] anb%ﬁiﬁéamw b £ Ximzed by -mnim zing
Inckda€in@ ik paRnRek WePeastdSmbieit A eRtRAnMOF7 irRrcebek ANfhe 136, .
of the windband 52. In the preferred

-foes not a@%%mnh%‘m asing fhpgparpmeter dgFredses te&h'ﬂr gfrginment,
decreasesgﬂﬁd&b@fsarddéd;h&ﬂﬂa@hfaﬁtﬂw such that there is no

ovela 02 Anot_her feature whjch significantl
[0060] %ng%ml’%ﬂ l@tgéﬁ&mo'ﬁahlg lﬂﬂ@tragqﬁgle&r wmdbmg length
changes th@ &ﬁéhﬁ dl’@ﬁtralhéd hfbeAMPh #e%hhEard TAHE 3 ifdiratd RRAPE
the,nozzl e such that the exhaust is_directed radially

windbaud exif dipmelepchanges the amoyptof avabisntats entraipmentss. This can
be achieved by tapering the outer wall radially
inward or by tapering both the inner and outer walls
radially inward to di FABLE ke exhaust towards the
central axiWislband Leagtha di scRiltionof the -8 present
i nvention that 38mzhent air entiZ%nment can be
i ncreased and g9 ashure | osses tgptheased by shaping
the nozzle 162584 t hat exhaugggegir is directed .
radially outward rather than radially inward towards*™
the central axis 56. In the preferred enbodinent this
i s achi eved by flarhf ?ﬂf 51 op end 166 of the inner

wal | 106 Alﬂ; AMeRti's i ngreased by several
per cent , can- %uced up to 30%
with this strucf®8. 1t is belie °the increase in

air entrai nmentl F‘é’hdue to the | at%d®¢ nozzle peri neter
that results f#difchot tapering t#%uter, wall 100
radially inward. It is believed that the reduced

[006 1] pr %Mk{llﬂ@ﬂ'ﬂes soval thee dmotdief batedinddatibienvsit clidngbdss

N T N KR L
entrained ambieat ainadd wikidarsd £rtiyodtea. | ess exhaust air is di vVerted,
or changed in di rectvﬁ %the nozzle 162. [0053] ..

Referrlng partjcul.arl anmbient air. is also
drawn in t assag@d-y@—‘hnd m xed with the
exhaust air as gcat ed by ark®¥s 170  This anbi ent

air 140%
43 ﬂ2 165%
TABLE 4
Windband Eniry Area Dilugion * -
103 /2 176%
12.9 fi? 178%
[0062}] 1In Tables 1-4 the dilution is calculated by dividing the windband exit flow by

the flow through the fan assembly.
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flows out the open top of the flared inner wall 100
and m xes with the exhaust emanating fromthe
surroundl ng nozzle 162. The anbient air is thus m xed
framthe inside of the exhaust. [0054] As shown in

[0063]  pj Refergiagparigeulgsly to Flgfo 13 ap¢ d 31 aq plernaivepmbadimrainlithe

invention id éhb%ﬁﬁhalll)ﬁf{\% 'sﬁlﬁe a6 RIPREerrdd §mBBQIH1§Jt‘ BeShBER QbSve ékcept the
ed roof i's forned above the top end of the Ta

nozzle end gﬁ'éﬁfaq wemﬂye‘*@ isspodifred toagddangrdditignal, ﬁ@@ﬂwzgmﬁmbiy
50. In this ;&an& ERBO bGP BR DUt RV AN FOPS £ the %ad 5&9&51}1)»/@ lt%peil&ﬁmdang}

is sloped such that rain wll drain out
inward at ltfa aegeagém formpfirstnezala 53 withdhe mer well JO6 wHlith extBiedst an

straight updré“‘rd,r BH}Bh& the z8fei5BI tﬁk's@ébr@!%zgléﬂerﬂm%ti§ a?flﬂufn"i‘ kﬁapcd

i nto fan assenb when 1t 1s idle’

element whighds faséfwefléo t‘ﬁ@xfﬁ'@ﬂ poieaef drhianecyelhd 8 byb@fécgfééS Itis
flared aroufPYSottdn Eilds{or fofh 4h $ntef bell WStﬁﬁﬁ‘? ﬂ?ﬁla{ &Et}@s@ﬁm}%ﬁﬂ 52. The

[ends i1ts to custom zation to neet e specl
second nozzle agisdfly 60 reoncixihabmytheipaer walk 406.cnd !tSrtQP guéis coplanar

with the topY@ld TR0 lnnE A b6 & formRlol RS Alllon BOMMNee 59

d
therebetweano dirackuts 6 Ubsten abjuedtthe pmme(gp uﬂélembmmh mizaly asmtrnbly 50 and
extend upw% ﬁ][%&lg.g}! B&Ja% 1S ugr bﬂ?n n& g% 85’ ta/];]tz&é/and% ) fllSO

tom za 15" ach
-aligned coah@% B’db@hﬁempemalt s #mhswnnd)no%@assamblybgp aithitg lovgr ehé is

' ' 0056]
st 4SS Y U G52 b, M0 Bl o0
embodiment #gualse gossitlofo fdRn thiefrst aszzie é:ﬂrbyéhtmglthe maat wallnfént ,

_ creasing this paraneter

outward mtﬁe%géaglgtéégm%etﬂgg?% tl@?’ i ncreases anbi ent ai’r® ¥

[0064] enReféring Dhmculaﬂy e 5as 1p) uheranmlaespab@ Betijeektiadidanre end of

the second gl 5fcf i ofl 3 B blerat” \REFS et 9% G a%?la e
ambient air enise aglindieated by utrc_)@e GB e Thisruir :Isim&amad aﬁﬂt t@e elBRISeASs eSiting
e it e S B o LSS T o

windband 5zemgtm sbmdea&mgts&elmlﬂy oIfees £5econd EeR aesugwhiAtangtiEnt
ses q%l une, ri se does not affect

s onters asgcA P by SaE? F Gas R AT SnanSs 8t B thagerediued SRUSAIr
exiting the s8édndaftzERI 598 Firther dilute the exhaust. As with the first embodlmentg

further ambient air which enters through passageways 144 and flows out the top end of the
inner wall 106 as shown in Fig. 12 by arrow 67 also dilutes the exhaust before it is expelled at

high velocity out the exhaust outlet at the top of the windband 52.
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St

decreases plune rise, does not affect fan flow [0059]

W ndband Entry Area (m nor effect) Increasing this

parameter increases ambient air entrainment, increases
does not affect fan flow Decreasing

IMS lunme rise, . ,
CLA Itohls par anet er decreases anbient air entrainnment,
wedenrhgases plume rise, does not affect fan flow. [0060]
For exanple, for a specified system Table 1

h t of
111U ER0ES O OGAh  GB changes Lhe amunt ¢

ent rai ne

i || a8 bntt escldsed/wali thattxmmhcex slibstin®ElY € llﬁd’tﬂﬁ% $§V1E5hﬁlerem
entrai nnent. TABLE ndband

: f anh
hawngaﬂ%?fﬂ?‘}fﬂ%l?fﬁ?“%ﬁ’n SU9R Mch 176% 49 inch 184% 59 i nch o

1908 P 0L ) 0 bl

the cy lmd‘i“}aF tavityde dividrofintpa camipalipt loohted hearitignabdudieb kad b gﬂirbléiildlng
Tabl e

s 30552 St e MR b B s

chamber ateth¢ battoie df&ﬁ’@yﬁflﬂn@ﬂ gadiRd W ndband entry aggaf t EA%S%?

NozzJPe Exit Area Dilution 79 ft2 120%
qttom plate, fastemideto shanboiditra edd Ef theyinderemciskd tuiatip

a rotatably mounted shaft located in the bearing chamber and extending

downward through the bottom plate into the fan chamber;

a fan attached to the shaft and being disposed in the fan chamber to draw
exhaust air in through the air inlet and blow it upward through the annular space; and

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 recit;ed in claim 1 which includes 2 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 zir inlet formed in one wall of the housing for receiving ambient dir.

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

-in the plenum to conirol 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 [ in which the upper end of the

inner enclosed wall is flared radially outward to form said nozzle.
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10. 3112 176% 12.9 ft2 178% [0062] In Tables 1-4 the

dilution is calculated by dividing the wi ndband exit

flow by the flow through the fan assenbly. 10 [00631
Referring particularly to Figs. 12 and 13, an

al ternati ve enbodi hent of the . inyention is ]
7. & TR B el s it e o apHich sl aiiagband

mounted toABE ﬁge%&%ﬂd BPAX U e8AbsddNBall, IRZ#hRIb&RInSFfing AerdsRitn-shape
assenbly 46 is nodified to add an additional, second

with a circiaizopepingsi galsiwer 8 which islepaxislovitinsnid mbaalt maththetlhwer end ts
-uter wall 100 of .the fan assenbly is tapered radially
Subsmmmlﬁr?\?/g{aaara‘f“ﬂf faégﬂﬁ%é?‘ end to forma first nozzl.e 53 with
the inner wall 106 which extends straight upward, .
8. beyHrtbxhinest Rozabanid$ as Tévited e clatin Aaz nhdctagedabbyedd®dfithe
. .afruyst shgped, el enent [ is fastened to the
windband i3 flared yadia ‘i"ﬁ?"@ﬁi @ftlof‘ﬂé‘“i‘ﬂ\ég?e‘i&all 106 by brackets 55.
It is flared around its bottomend to forman inlet

9. belThefekhaistTdnaissdrably g tected ihSlaith MR aMECID2 cylifiRical ring is
second nozzl e assenbly 50 is concentric about the

formed at the,ppper gpd of thowindhsadits top end is coplanar with the
top end of the inner wall 106 to form an

o S SRR D 10584, S IELIBENE e sni

wall extends opwhel dhose thelnpz20, adowhiek irgshelewpwar d and radi al |y
52 is

outward to support .the wi ndband 52. The w ndband
al SPCWGTGREG 2cTIE opFted to 3{@ iR lae ng_@né fgving 2
frustum shap€ &Rk d?&élra:r %p&ﬁﬁ? Bk Ytop Qnﬁ RéhidH B chMRr ngfi #hd Siner encioged

substantial l'y coplanar With the top end the secon
wall and coplepal witlothe topendhoSthe inner emtlosed walhybodli nent it is afso™

ossi.bl.e to formit first nozzle 53 b | aring_the
P arnen Fated o erord aene ERaRObAd hiPE AEVE T
shape with ¥8iréuldWpenihf AP idvrk 8l WASCHR Ich G4 Wit glet i?ngxl clobad wag
t he annul ar "space between the | ower end o t he secon

and coplanan gvith the tpswdiof yheiBnermiclased watler wal | 100 forns a
first gap through which anbient air enters as

1 SRy A 5L i B

- assembly haSiandidcalal ypenficatdBrivar edodkich hetostBib whitkethe @R cfEl8scdl wall
the w ndband 52 and the second nozzle assenbly 50

and coplanay uthdheneggleond gap t hrough which anbient air enters .
’ as indicated by arrows 65. This air is entrained with

n . Y oy -
12. n o(zi‘g?e Eggtjt%ﬂéﬁs??%ér gl | 1§ eﬁlt lgéleg(%ks‘{c.ﬂ%@ %g\ﬁa‘ﬁ{%ﬂm}( I!]Se“

formed into the istariag bleahbvee fiom 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 shafi.
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further anbient air which enters through passageways
144 and flows out the top end of the inner wall 106
as shown in Fig. 12 by arrow 67 al so dilutes the
exhaust before it is expelled at high velocity out

14 AT RN g of REOR iyl DA A

passagewayosfirringé &ifo dine tatiop chmbasfemin wats[detthahssdmblyi@!;a ascond

stanti al i ndri cavity therein avi ng.an
passago will 13} Gl bl tie en G nes Bisiakm Hhes g Gctbai the
inner encidd@d wafl2giienest kit E%r% 51; o &1& b%ﬁge sland 'I‘l@w§e out the fop

ositioned in the cy I cal "cavity to -di w
end of the imueoerwlased wadl tbymkoraélt :ad elieastcd firowginged nogrde-a
surroundi ng annul ar space, the inner enclosed wal
bei Shas from for
15. c haJil eF At setq‘ﬁ% Q%V@ﬂ%g(m R demc ya}“lnnlg rlf‘c“é c av? rF)}S d'a?p Osed in
the bearinghdHatnber ﬁlcmlﬁvé ald gnédo peotbdehdinicofd R 3dbahade @nieFag the top
: encl os ; a rotatably nounted shaft |ocated in
e“dOfﬁm{WW?“Hﬁgﬁﬁﬁgm hamber and extending downward through

the bottomplate into the fan chanber; a fan attached

16.t0 Tﬁ@eﬁﬁﬁt%@ﬂ&e&ﬁ% r@b@&ﬂﬁ%ﬁauﬁﬁ ‘Eﬂ@hnﬁ:ﬂmé?ﬂaﬁmﬁﬁdéso

draw exhaust air 1n through the air inlet and blow it

auxiliary blasmhat drivw girfraugh aamhazakalbe@mn ¢he boaring chamber aduthe o
chanber for rotating the
chamber aqdotﬁow ’Wg'ra@y ﬁ"f‘ﬁaérg ﬁﬁ%ﬁﬁ%ﬁ‘"ﬂﬁ #B29% constricted gt t he

top of the outer wall to forma nozzle. 2. The
exhaust fan assenbly as recited in claiml which
includes a plenum fastened to the outer enclosed wall
and di sposed beneath the air inlet, the plenum TR
i ncludes:  a housing having an upper wall with an
exhaust outlet that aligns with the air inlet and a
bottomwall with an exhaust inlet for receiving
exhaust air froma building; and a bypass air inlet
formed in one wall of the housing for receiving
anbient air. 3. The exhaust fan assenbly as recited
inclaim2 in which a danper is nmounted in the plenum
to control the anmount of anbient air entering through
t he bypass air inlet.

~
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4. The exhaust fan assenbly as recited in claiml in
whi ch the outer enclosed wall is renovably fastened
to the plenumto enable renoval thereof for repair or
repl acenent. S. The exhaust fan assenbly as recited

in claim4 _which .includes a renpvabl e acces nel ..
17t or frapetherl Bi&UOYEE #A Prhayst fﬁﬂéssﬁf"g&ﬁﬂ 6P FRS a Wildinge the
steps compRpsiigust fan assenbly as recited in claiml in which

the“upper end of the inner enclosed wall is flared
a) r adinaitingoupieaurd on thed mofwithiad airanief en theiwitpm dfftbe plenum

. .exhaust fan assenbly. as cited.n.claiml. ich .. .
aligned wifd st SRR irBARE tbeh ot temlSh Bhvingfoffeatisaricn
removable @h@¢: encl osed wal |, the wi ndband having a o

rustumshape wth a circular opening at its lower = -
b) endsolaetivelyiremeviag p @anelifram ere Wak of thedlenvan thlernatepass air
- .end is substantially coplanar with said nozzle. 8. :
lnkiﬂ“mﬂﬁhe exhaust fan assenbly as recited in claim?7 in
c) Whimburithe 4 lwdrto gitthledudh Réich colvad tlinblyiass hik aleigland
radially outward to forman _ inlet bell. 9. The exhaust
d) { aringundings fon asscpbly e apquiletap thetop Qf e Rlpnum;

W R o Bhich panl O T s YR RLA by R picy pout

. désiredforeﬁxziﬂimthlldtimn\/\hi ch the inner enclosed wall extends

- upward above the nozzle, and which includes: a second
nozzl e assenbly. npunted (.0 the.inner enclosed wall and

Ig'ha%?@%fﬁocfﬁ?fﬁ%%ﬁg‘ i _ "E‘ T‘l“_@‘ﬁi ar opening at its

e) to gsel%ﬂﬁvél\? kéiﬂm}iﬁ%Q 0éb6ina paiél itdat ARG SNAL PRAGM; Y |

and coplanar with the top end of the inner enclosed y
) valrppeating siapsi)ibinagh ehrwithtacgeand plerais svuntedadiacket thesfiest.

. plenum Mf%%l’éeﬁt{fﬁ%ﬁ'saﬁm vpfﬁi\!ﬂ id sg%gﬁlgl%%hﬁlé}lg% r 8 a%&#kg\%a@ih&?xﬁ[lé ar

CIts Tower 'S coaxl a
i nner enclosed wall and coplanar with the top end of
‘the inner enclosed wall. It. The exhaust fan assenbly

as recited in claim10, in which the second nozzle
assenbly has a circular opening at its 1 ower end which

is coaxial with the inner enclosed wall and copl anar
with the nozzle. 12. The exhaust fan assenbly as
recited in claim1l in which a passageway i.s., forned

into the bearing chanber from outside the assenbly By
a passage wal |l that extends o

+
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t hrough the annul ar space between the outer encl osed
wal | and the inner enclosed wall to provide access to
the shaft and associated drive elenents for inspection
- or repair. 13. The exhaust fan assenbly as recited in
claim12 in which the notor . is .nmounted to the outer
19 ne FORER AP Sgtts TLissemly VUL RO hr ough the
a reASHAGL WBMomGRUR! es the notor to the shaft. 13 14. The
exhaust fan assenbly as recited in claim12 in which a
fougsidsryenllsyeicnepnnadt 1 gud extepdiupvitd oo thebotionywel imfvem a
fromoutside the assenbly by a second passage wall._
t hat extends through the annul ar space between-the -
a bopise tirgnlel oamed wbdile ofgidishde waltsper encl osed wal |, and
anbient air is drawn into sai d passageways and flows -
ahaﬁ? moppigd fo,the opf aldswwdiqw@fl%twg@gﬁmﬁmo mi x
. . Ld h
ab éﬁgﬁﬁ?ﬁ&gﬁﬁﬁg&/gg@gggéﬁggd in C}?’%Ihm 1 0{)i-ﬁf'ngnv&ﬂ ch a
an aewess paseliogped acanother pleauineadd wall sthachommables decisotodht he
chamberfsrhaafliﬁtto rotect the sane from substances entering the
?6‘5 NSt the inner enclosed wall. 16. The exhaust

fan assenbly as recited in claiml in which the fan
20.i ncThiglgenur X kddited Yn Hlaidel €9 wihitet indladvé atdp ddll aic
| eaks between the bearing chanber and the fan chanber
outlet formgd dhaseigyand radially outward into the annul ar space.

: t [ . n- £
an sty afon B SRy BlouBT W0 G 30 b B0 1O thocr
can be easityprefiovad f@ mdiskumcen the roof with an air inlet on the
bottom of the plenum aligned with an exhaust riser .
extendi ng through the roof, the plenum having four ®®" .;
21, The RleRYm 25 B Gaigy K2 mswhich anacesss paral i fosmed inggch
f the remAniRE BFS sitl WAIS R cliBld 46 e LHERHG fae{)ﬂq
© eremailrg inISIetq{%er elen; Ilcgce%‘gunfﬁlw?g_ a hoo mto the p gﬁﬁsrsnoﬁhe
plenum. whi ch covers the bypass air inlet; and d) nounting a
' fan assenbly over an outlet in the top of the plenum
wherein the selection of which panel to renove is
deternmi ned by the physical |ayout

chamber;

16



|

desired for each installation. 18. The nethod as
recited in claim17 which includes: e) selectively
renovi ng a second panel from another wall of the
pl enum and 1) repeating steps a) through e) with a
second pl enum nounted adj acent the first. plenumwth
22.t heh plepainl for Ar exitapst @R apssmblewhich corIPEReS: s renpved
t. ac ther. 15 19. A plenum for an exhaust
a‘ﬁggy‘%€§%W§P§Q%ﬁ1ch conprises: a rectangul ar bottom
fourvdidd wallowhichicdanauiikd sndrdxitenid uperand bt the botdorextadind form a
upward fromthe bottomwall to forma chanber; a -
chamber; hynass air inlet formed in one of said si-de-walls: a
a bﬂg%daimgm &ﬂle%iqntoﬁ@ oPBfid Sdeang! | and extending |
- “outward therefrom a bypass danmper npunted in the
a hooyi pamentel o sawd ate sadedwdbasbhavingwidpovhich extdndsoweaddom
. . pan fornmed in another plenumside wall which enables
said one S“@&?’EL@"{ $ORN élowélﬂ’éﬁ‘iag’réf'g P%?i’ﬁ’i Heg#lidce. 20. The plenum
a lipA®ri 64 hfodg thddrip &i%@ ahd ewfeh@ing upGlatli@srefirol®d pratdnt water
) having an air outlet forned therein; and an isolation
flowing dowya fselopsditep B dripmietnte 2 bYRss 2t S8y et such t hat
the isolation 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
chanmber fromany of three sides of the plenum 16 22.
A plenum for an exhaust fan assenbly which conpri ses:
a rectangul ar bottomwall; four side walls which
connect to and extend upward fromthe bottomwall to

forma chamber; a bypass air inlet formed in one 6f** ‘i

sai d side walls;
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a hood nounted to said one side wall and having a top
whi ch extends outward from said one side wall and

sl opes downward to forma drip edge; and a lip forned
along the drip edge and extending upward therefromto

Jprevent water flow ng down the sloped top from
<2dr | p&‘ﬁ@q"ﬁ%%ﬂaﬁ%ﬂbb@mﬁhmwnwm 17 23. An exhaust

fRieransBoRd Yaifiaf hERtiad O nchosed wal |
. “that def | nes a éu%%@gg?%a%?%ugwfgﬁﬁcg c%ét\’/'iéﬁ et haviig an
air inlet farmed et its betiomendin - air inlet formed at its bottom end;

i nner encl,psed |I.fastened to the outer enc| osed
s} s B RSietPioune Aol ol mallandgastiopod & ther m
cylindricabfavitytol fdrin SPaGRIA BEIc8 MRURSecd fan nounted beneath .

the air inlet and being operabl é to bl ow exhaust air
a fammgupisd bepeathuthgrairdpletend beingioperthie tablow eXhatst agrigtoahe

.at_the top ends of the inner and outer
annularsp%gﬁ'g&ﬁg}%ﬁ"?f'ﬁ‘&ﬁ?@ top end of the inner wall
a nogtle Fbred it Hinabpl endsBf the inner and outer walls by flaring the top end of

the inner wall radially outward.
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