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This is an international patent application filed pursuant to 35 USC 363
cl ai m ng woi2orzasy29ander 35 USC 120 of /to U. S. Pat. S5ApplPCTSESR011/M60527

61/ 379,832 having a filing date of Septenber 3, 2010 and entitled TUBULAR
| NLI NE FAN ASSEMBLY/ HOUSI NG W TH HOLLOW VANES, the disclosure of which is
hereby incorporated by reference in its entirety. 10TECHN CAL FI ELD

The present invention, ral f p§#&§@§§ﬁbchara0terized by
hol | ow vanes, nore par %A%f@o%@a%ﬁ ly, such as a
direct drive tubular inline exhaust fan assenbly, characterized by such fan
housi ng. 15 BACKGROUND OF THE | NVENTI ON The transport of

del et eri ousiact érst P8l LptasRetePralsPghses apRl bfathel t ¥ ahspauyTEvalo of

sane from spaces so characterized is an inportant, oftentines critical
oper at3%or/SEFof3eXafppénigadpriority under 35 USC §120 of/to U.S. Pat.

D

5 Appl. Ser. No. 61/379,832 having a filing date of September 3, 2010
and entitled TURULAR INLINE FAN ASSEMBLY/HOUSING WITH HOLLOW VANES, the
disclosure of which is hereby incorporated by reference in its

entirety.

10 TECHNICAL FIELD
The present invention generally relates to a fan housing
characterized by hollow vanes, more particularly, to an exhaust fan
assembly, such as a direct drive tubular inline exhaust fan

assembly, characterized by such fan housing.

15
BACKGROUND OF THE INVENTION
The transport of deleterious/potentially deleterious gases
and/or the transport/removal of same from spaces so characterized
is an important, oftentimes critical operation. For example, and
20 without limitation, the wventing of high-temperature, particular

laden, toxic, noxious, corrosive, etc. "gases" or fumes from work
places such as laboratories, industrial or chemical processing
areas or other environments such as tunnels are well known.
Heretofore, and generally, such fumes have been either guided to a

25 tall exhaust stack whereby they are discharged at a height well



20 without limtation, the venting of high-tenperature, particular |aden,

t oxi c, noxious, corrosive, etc. "gases" or funmes fromwork places such as

| abor at orwep1d03test ri al or chem cal processing areas oPCOIUSRE11850627 ONMeENt S

such as tunnels are well known. Heretofore, and generally, such funes have

been either guided to a 25tall exhaust stack whereby they are di scharged at

a height well WO 2012/ 031295PCT/ US2011/ 050527 above ground/roof |evel, or,

duringﬁ}he process, of e acu%ting suych funes, nake-ug or "fresh" air

i nt r odRERE I3 A8 Y S Hix &G v ne eb@uawat%h%h%r%%% M ndt @ 4 T i

high vel ocity roof top discharge of the diluted air commonpl ace. 5In the

cont ext S di PREE AP & t UbEFSY i AMne ¥ anthoGSAGE) adserBl ites, mix and

traditionally they have been characterized by a so called "bifurcated"

desi grr VIS i e hdéd Lo PR Pat-&4d éhH'tBléBn% gt 66 LYot ta FUH dstfor

fromthe contam nated air stream as well as single-thickness vanes to

support! SHE T%n Fot e &hid VIS ity SGMERLa%e air stream "swirl"

downstream of the fan inpeller, see e.g., US Pat. No. 7,320,363 B2

Sel i ger etlal . §0ei n€6Pp6rat e ther 8 Aeby r 8Fdrnce ¥hN13s enpiliBey. fan

Moreover, in the context of induced flow fans characteristic of chem cal,

i ndustduaingfampsesturliafy fassliéiRaastl Yoperat NoKs, Ptk i rattc trise Py

tubular 15 inline fan housings/assenblies are characterized by contraction

nozzl és Forcdilghl speddrdisdathr ¢& s 1aid Whiitdbadrfds Fremaid (td ors Bfatfeuménet f | ux

with anbient air, see e.g., Seliger et al. Further still, in the

cont exto goniendREE S 1w If an fags @il dre s, r ofu fé e xavad i idedess ariire s Gnscinude,

and may not be limted to, 20 multiple nozzles of differing outlet areas

t o accehmuehl efacveingd copdriakingg Spoi ansd veb osivrires theéllieevedn advantagesus,

an isolation danper to prevent flow reversal through an idle fan in a

Idar al 1"elt fedrwhdent"i gliead i onstofeam gl snium "asioemsity caan bypaks Hrmpewralder,

mai ntai n nozzle outlet velocity by drawi ng upon additional anbient air when
see e.g., U.S. Pat. No. 7,320,363 B2 (Seliger et al.), incorporated

herein by reference in its entirety. Moreover, in the context of
induced flow fans characteristic of chemical, industrial,
manufacturing fume exhaust operations, such direct drive tubular
15 inline fan housings/assemblies are characterized by contraction
nozzles for high-speed discharge, and windbands for dilution of

fume efflux with ambient air, see e.g., Seliger et al.
Further still, in the context of induced flow fan assemblies,
fume exhaust accessories include, and may not be limited to,
20 multiple nozzles of differing outlet areas to accommodate/acheive
operating points/velocities believed advantageous, an isolation
damper to prevent flow reversal through an idle fan in a parallel
fan configuration of a plenum assembly, a bypass damper to maintain

nozzle outlet velocity by drawing upon additional ambient air when



WO 2012/ 031295PCT/ US2011/ 050527 efflux flow is reduced in a variable
exhaust system and/or a weat her managenent systemto prevent precipitation
i ngress twothe/sy®sem structures thereof and the structaraseetiosos2nhi ch
the assenbly is deployed. 51 n as nuch as apparent inprovenents have been
made with regard to service/ mai ntenance of conponents of such systens and
mar gi nal efficiencies with regard to operati ng efficiencies and sound

attenuation f such s i s nonet hel ess_bel i eved that heretofore
known Surdts ﬁL@w m%e% hibved WRTRARTS| BRbRrRea S e anarbe

structure/ assenbl a fan housi ng, which circunvents, elimnat or
at | | A, R AR s BT tp&ea%n}nﬁef@ecg%tftﬁ%m%%

| osses attendant to any of the functions of "swirl" straightenjn ot o
cool i r?é’/sﬁre&i'ecFFBHCtHF%ﬁ dPEEE UpbPaEt diSschaF et aRd/"or- 't Wl@f‘g Pu

di lution, espemall at high airflow 15 rates, while at |east maintaining
pr esents SISt ry? Y&tci es as to operation and/ or sound out put .

Moreover, in relati on to induced flow fan accessories (i.e., the functional
obj ecti ves tThéreBPfD #% 3PPt leVElPINA L ch PAYRCPPBR BARE bE Fetrg dred
whi |l e nonet hel ess elimnating heretofore known structures ow ng to, anong

ot her t GGy My Hé&rgirsts © fefFBR G vf GG r?é’ﬁtr?%ﬁlqdcéffﬂl‘gsmal
si npl | fied structure/assenbly. SUMVARY OF THE | NVENTI ON An i nproved exhaust
fan h&Usilfg erdridexHatst FamaSsdibl pregating efficiencies and sound

attenuation for such systems, 1t is nonetheless believed that
heretofore known functionality may be achieved with a simplified
10 structure/assembly, e.g., a fan housing, which circumvents,
eliminates or at least reduces what is believed to be unnecessary
momentum and energy losses attendant to any of the functions of
"swirl" straightening, motor cooling/protection, high-speed upblast
discharge, and/or fume efflux dilution, especially at high airflow
15 rates, while at least maintaining present industry efficiencies as
to operation and/or sound output. Moreover, in relation to induced
flow fan accessories (i.e., the functional objectives thereof), it
is believed that such function can be retained while nonetheless
eliminating heretofore known structures owing to, among other
20 things, synergistic effects having origins in Applicant’'s

simplified structure/assembly.

SUMMARY OF THE INVENTION

An improved exhaust fan housing, and exhaust fan assembly so



WD 2012/ 031295PCT/ US2011/ 050527 characteri zed, is generally provided. The
exhaust fan housing includes a first cylindrical elenent, a second

cylindri cwb2eixisens i nterior of the first cylindrical elpemastoliasci2a
plurality of hollow vanes traversing an annul ar fluid passage chanber
delimted 5 thereby and uniting the first and second cylindrical elenents.
A central drive chanber, delimted by the second cylindrical elenent, is in

fluid i cat | ith anbi ent. ai teri f the first cylindrical
el emerit® ick e 1ol oW vaes:” Eabh RePoW-vane 1S EhArdctert 7éd b Spiced

apart wall segnents which,.unitingl 10 termnate so as to delimt a

Dt g BT o Lok ROTiBAFIGAS. ShaERNbl § GG TiokPt o 1o it s
having a free end or a closed end delimting first and second trailin
edges ORI hoF| GWSvahbes: 1SHRIEFTHESER PITRIOF THE DRAWRESLEY O g
1 depicts a single direct drive mxed flow induced fl ow exhaust assenbly;
FI G i“HéﬁWbW@ﬂﬁﬁetéﬁﬁ&ﬁ§ﬂ“§s§8nﬁ?9ué?rFi%qu.Q%Fiﬁﬁﬁ(ﬁﬂﬁﬁQﬁQaHQ%}Hﬁéiéhl
structural particulars and relationships for and/or 20 between reveal ed
st r uctigyse$by and ¢ﬂ¥§l@8cﬁ%ﬁc?%FSFnagﬂe§§FP8ﬁ,CglﬁéﬁFé§éﬁt§F@W§Pts- A
non-limting sound attenuated fan,assenblﬁehaving particular utility in

rel at iSRGl Polvexahplesra &3 higheteff R thar FoeCht xad ¥ 14w G hbl fded s tow
exhaust assenbly; WD 2012/ 031295PCT/ US2011/ 050527 . FIG 3Ais a
secti drf, dbottu1d neo MM 1 Gt 1 pre YbuRdeBPientiafed PERCaA3SENS Y toF HIGSTs;

FIG 3B is an alternate view of the section of FIG 3A
cylindrical element via the hollow vanes. Fach hollow wvane 1is

characterized Dby spaced apart wall segments which unitingly
10 terminate so as to delimit a leading edge for each hollow vane,
each of the spaced apart wall segments having a free end or a
closed end delimiting first and second trailing edges for the

hollow wvanes.

15 BRIEF DESCRIPTION OF THE DRAWINGS
FIG. 1 depicts a single direct drive mixed flow induced flow
exhaust assembly;
FIG. 2 depicts the exhaust assembly of FIG. 1 in exploded view
to reveal structural particulars and relationships for and/or
20 between revealed structures;
FIG. 3 depicts, in elevation, a representative, non-limiting
sound attenuated fan assembly having particular utility in relation
to, for example, a single direct drive mixed flow induced flow

exhaust assembly;



FIG 4 depicts, in elevation, the fan housing of the sound 5attenuated fan

assenbly of FIG 3; FIG 4A is a section, about line A-A of the
fan housiwg20f2/8Bi285 4; FIG 4B is an alternate view of rhe/seatiosss2nf Fl G
4A, FIG 5 depicts, in perspective, a representative,

non-limting 10hol |l ow vane of the fan housing of FIG 4; FIG 5Ais an end
view of the vane of FIG 5; FIG 5B is side view of the vane of FIG 5;

| n el cvat | G Ca 1 £5t °r SBFGSBAC aFPUBE ORE Aoht it i mhe 1S Wo U R En +
FI G 6f%nd%psiscetm%lay folfatFI%a.t t3e;rn pl an of the fan housing shell of FIG 6;
FIG. 3B is an alternate view of the section of FIG. 334;
FIG. 4 depicts, 1in elevation, the fan housing of the sound
5 attenuated fan assembly of FIG. 3;
FIG. 4A is a section, about line A-A, of the fan housing of
FIG. 4;
FIG. 4B is an alternate view of the section of FIG. 4A4;
FIG. 5 depicts, in perspective, a representative, non-limiting
10 hollow vane of the fan housing of FIG. 4;
FIG. 5A is an end view of the vane of FIG. 5;
FIG. 5B is side view of the vane of FIG. 5;
FIG. 5C depicts a flat pattern plan of the vane of FIG. 5;
FIG. 6 depicts, 1in elevation, a first representative, non-
15 limiting fan housing shell;
FIG. 6A depicts a flat pattern plan of the fan housing shell
of FIG. 6;
FIG. 7 depicts, in elevation, a further representative, non-
limiting motor housing shell;
20 FIG. 7A depicts a flat pattern plan of the motor housing shell
of FIG. 7;
FIG. 8 depicts, in elevation, a representative, non-limiting

insulated windband assembly of/for the sound attenuated fan

assembly of FIG. 3;



FIG 7 depicts, in elevation, a further representative, non-limting notor
housi ng shell; 20FI G 7A depicts a flat pattern plan of the notor housing

shel | of WOG012/31295 FIG 8 depicts, in elevation, acrape@lenisative,
non-limting insulated w ndband assenbly of/for the sound attenuated fan
assenbly of FIG 3; WO 2012/ 031295PCT/ US2011/ 050527 FIG 8Ais a

section, about line A-A of the insulated w ndband assenbly of FIG 8; and,
FIG 8B is al ternate view of the section. of FJ 8A._ 5DETAI LED

DESCRI PTI TEE I 'RVERTI %T\Ftlon'vwafq‘?%teggnlaet e Pistane deserigstSon,
and the referenced figures, a representative exhaust assenbly is generally
shown §HRAED £ S dé’dfs\?iI&N F%D’Ga ' with select structures, adapted or
ot herwi se, thereof subse | y depicted._ For instance

, 10
repr esent atfive, Hon-T iFH %UJTG%[ Vatterifate§ fszfr?ta}ﬁ]eri’dﬁaflt%vi%

particular utility inrelation to, for exanple, a single direct drive m xed
fl ow i nduced fl ow exhaust assenbly is shown in FIG 3; a fan housing of the
sound attenuated fan assenbly of FIG 3 is showmn in FIG 4; a

represent ati ve, nonDAETRLLER DFAGRAR TANe Q5 THfe INMENTION 0usi ng of FIG 4

is shown in FIG 5; representative, non-limting alternate notor housing
shel | conf iVgrhat i erardr eoshden IinstRINGS. des & it &g, anAdbasd/m i fedisarrgd

assenbly particulars are provided for in FIG 8.
figures, a representative exhaust assembly is generally shown in

FIG. 1, exploded view FIG. 2, with select structures, adapted or

otherwise, thereof subsequently depicted. For instance, a

10 representative, non-limiting sound attenuated fan assembly having

particular utility in relation to, for example, a single direct

drive mixed flow induced flow exhaust assembly is shown in FIG. 3;

a fan housing of the sound attenuated fan assembly of FIG. 3 1is

shown in FIG. 4; a representative, non-limiting hollow vane of the

15 fan housing of FIG. 4 is shown in FIG. 5; representative, non-

limiting alternate motor housing shell configurations are shown in

FIGS. 6 & 7; and, windband/windband assembly particulars are
provided for in FIG. 8.

In advance of further particulars, several generalities are to

20 be noted. As is widely known and appreciated, 1in as much as

ventilation systems are commonly associated with buildings, other

occupied structures such as tunnels and the 1like are commonly

vented, selectively or otherwise. While the subject description

proceeds 1in the context of building wventilation, the disclosed



I n advance of further particulars, several generalities are to 20 be
noted. As is widely known and appreciated, in as nmuch as ventilation
systens awe 0mmBunsy associ ated with buil di ngs, other oecwpiseal1®5050Tt ur es
such as tunnels and the |like are commonly vented, selectively or otherw se.
Wil e the subject description proceeds in the context of building

ventil ation, the di scl osed WO 2012/ 031295PCT/ US2011/ 050527 assenbli es,
subassenbl i and/ or. el emenis t here one or in _conbination w t h at her

nown ST TH G Heverapee BT Ut UPBG e 11 RGWS CBREEADY atbibhdr oF in
| t d furth f h |
FUnct {COHAL R G0t | G60F OBEE dFTTET ehFl o205 ramgmbR T ho ARF oP CERhAEat ng

del et er,i ous fI ui ds fromone or nore, generally defined space
gener ait B ete O HEBPRPESY 1°& ?Ppé%g%%“a% eﬁ‘r%ﬁ*@tai‘bl%fgy“befuf%kﬁ%fmce
characterized by a fan assenbly 12, a plenum.or m xing box 14, and a

W ndb&fda%é’élﬁﬁllﬁhirég Profvt ST o T HAnad pPas§CHf VEne Ili@r%laﬁ Céc?%@ﬂaust
assenbly, via conmon pl ace adaptations, are well known and wi dely

pY act ic¢édiSPorting 93?1/@Fye?6?alf$m%gfqe&ﬁtﬁéﬂ@%ééééldét &4 i ‘P%et% TEXraust
assenbly of FIG 1 are generally indicated, nore particularly, vented space
ef f | uSRRFI2OW Y 91T pRESSIow (Q ), fan flow (Q'), 15 entrained flow
(QE), and total flowg ) NotlonaII]%/ is characterized by suction and
pressure fl'Owicorperent seTaranee 1< F&f¥1 y ¢haragkeprised® bRt Gy
second conponents or contributions, nanmely, a first by-pass contribution
from e T lehtCliaitar e ¥ ea housi fhgf@lﬂ pRESTAAYasSendl Vle@h@ & s &dorid Dy -
20 pass contribution fromthe anbient into the wi ndband via an annul ar gap
del i miteed By £he #anl st hg erithe Wi-ndbardsione. forheuloletepert phery

t hereof as shown). In light of the foregoing, and as is generally

Ithder stepudt ssbeethalustelagtgeomshi py i@ € A die ctcsd adeameity:ongp are well

2012/ 031295PCT/ US2011/ 050527
known and widely practiced.

A variety of fluid flow paths associated with the exhaust
assembly of FIG. 1 are generally indicated, more particularly,
vented space effluent flow (Q.), by-pass flow (Qz), fan flow (Q5),

15 entrained flow (Q,), and total flow (Q;). Notionally, Q. 1is
characterized by suction and pressure flow components, and Qp is
fairly characterized Dby first and second components or
contributions, namely, a first by-pass contribution from the
ambient into a fan housing of the fan assembly, and a second by-

20 pass contribution from the ambient into the windband via an annular
gap delimited by the fan housing and the windband (i.e., the lower
periphery thereof as shown). In light of the foregoing, and as is
generally understood, several relationships are to be noted,

namely:



Qr = QCEQE;, QE = QBQLQT = QEQBQ. Moreover, both dilution and entrai nnent
ratios, Dr and De, may be defined as follows: Dr = QI/Q.; De = QI/QE 5In
connect i onoko1dd3e9el ement s of the exhaust assenbly of FepGr/usopasdiserul ars,
at least with regard to the plenum and fan assenbly, are generally depicted
in the exhaust assenbly view of FIG 2. The plenum 14, disposed at the base
of the exhaust assenbly 10, generally receives vented space effluent flow
(Q and mxes it 10 with fresh/anmbjent air, i.e., hy-pass flow (QB), as
previ ously not edT Ch%é*c@é’ri ticof s h"pfgénTm(gE ?irgB t'f &Lm’ Xi ng box per se
18, a _by-pass d r 20 and rel ated weat her hood 22, and an. isol ation
darperOER O (et G B - SO HA T erlint oF LB Xor S35 85 oi Del 3k ibwn M 7
details provjded by, anong others, Seliger et al. '636, see 15 e.g., FIGS.
3A- 4, dfrﬁofntel‘?e s SO A"Ed written description related thereto. A fan
assenbly 12 is in fluid communication with the plenum 14 and nmay be fairly
characterized b)Prf Trt/ 80 Ead sedéhd 40 fan assenbl y portions which are in
axial alignment in relation to an 20 axial centerline of the exhaust
assenbl y 10TasoReFicttod. trPhélei pAEMPRRSas et yo Pot t$ lor? SUPeherdd IHFC-
includes a fan inlet cone 32 in conbination with an inlet cone housing 34.
The séconB2FaACHISERDI y2hortSot 401§EneFaPfydi it udés aPL8RYRouditg 42!
characterized by spaced apart inner 44 and outer 46 walls, which alone or

i n WO ZFEPI0312 F5FCTI H820A 41 0585R7C efrbi Rat FEen SdepAit ASISPTRA Ya@Warc & | ui d

passage chanber 48 between the inner wall 44 and the outer 46 wall; ii) a
cent r all&r Pve TERaRbeRUBOL €i r&FH ErEhtdtaltiny badRded by the1dierd gm0 144 and
adapted to retain a notor for an exhaust fan; and, iii) an exhaust

10, generally receives vented space effluent flow (Q;) and mixes it

10 with fresh/ambient air, i.e., by-pass flow (Qz), as previously
noted. Characteristic of such plenums are the mixing box per se 18,
a by-pass damper 20 and related weather hood 22, and an isolation
damper 24. Particulars of such plenum or mixers are widely known,
with details provided by, among others, Seliger et al. ‘636, see

15 e.g., FIGS. 3A-4, and the associated written description related
thereto.

A fan assembly 12 is in fluid communication with the plenum 14
and may be fairly characterized by first 30 and second 40 fan
assembly portions which are in axial alignment in relation to an

20 axial centerline of the exhaust assembly 10 as depicted. The first
fan assembly portion 30 generally includes a fan inlet cone 32 in
combination with an inlet cone housing 34. The second fan assembly
portion 40 generally includes a fan housing 42 characterized by

spaced apart inner 44 and outer 46 walls, which alone or in



5 fan chanber 52 within the outer wall 46 and bel ow the inner wall 44. The
second fan assenbly portion 40 further includes a plurality of hollow
vanes, e.wo0,20503iD5! - shaped hol | ow vanes 80 as depi ct ed pcexisendiopgF2bet ween
the inner wall 44 and the outer 46 wall of the fan housing 42 of the second
fan assenbly portion 40 so as to 10reside wthin the annular fluid passage
chanber 48 t hereof. As will be subsequently and further detailed, the
fan housin 4E2 advant a ousgy i ncl udes C)ﬂ i.ndrical or %)oncentri c

. i |
 aner S T CAGTUAR &) 2y 1A THHT al 3e UBPF Grea. ChaBRC a1 KEerSTed by
t th h 4 whi ch i i d 1 .
i) Pt ir vadonfd S2a8) ot “ubsEadayes | & motdr BecaREhrh drive

cylindrical or_conical inner wall 44 qgi .e., within central drive chanber
50), & PAPSthesl 58 THYWHIST SHe AWi% ndr PRafd odVertR@l FFPA6 T arftf benéat 116

bel ow the inner wall 44 (i.e., wthin the exhaust fan chanmber 52), and a

pl ur alFPE (S FEWAENE8sT8DOWhEeR FRsFHRAU2D Wit hi H&mnutar #1 G Padsage
chanber 48 and delimt partial passageway walls for each of the aligned or
regi stiéred Rt ury? ﬁ’éﬁ@%ft?%eo?%%%rwﬁil afifl 8bfePe46vwalts 1NE4ch "oF 1t he
hol | ow vanes 80 are characterized by a | eading edge 82 at |east one .
traili%fy é8§eS820ond. §20 FIMFERR A NG edyéd BuraEeshbival anes eadh Wallilfit i ng
WO 2012/ 031295PCT/ US2011/ 050527 a partially wall ed passageway 86 for radial
f1 ui d ¥ SWHCHMVEREEr i Br Jof ﬁhéf%ﬂ?é?h\?\aﬁﬂ 2altev an e hrough e LiGheer wal |
46 of the fan housing 42 and into the central drive chanmber 50.
Advantsagessing Iitvearst Hee eyt 1§21t hed cohtehpraPedcholfoWavanes ™Weare
adapted so as to facilitate integration to/with the wi ndband in furtherance
of th&€aguppoisind 4aneivithe heéerandassenviysemple partienl &4 ysot hé ftan
housi ng. Wth general reference now to the assenblies or subassenblies
16f ei el dsf WHItGSn Fher apnuliver & s & ivaes o edtamfsasSerildefor 10
structures of an exhaust assenbly. As a prelimnary matter, it is to be

not ed t hat Aspridvedecacobseicepeiornanter floert et abht@npl g ehredivausing
assenbly, owng to selective insulation of subassenblies and/or structures
t her edfZ adviehiziorgualyl osedudes |cynisvlaitdaon cascopposéd tondeier gt assieper f
pl ate, baffles, etc., is generally 15 realized. Mre particularly,

wi ndbdid 2100 cof-ewi Adbanadlassenbiydibcél. s ,depsctaid, dasvharlge,amw.ayi,zedr,
contacting face or surface, FIG 3A), and/or the outer wall 46 of the fan
housi iy 42apereurests cair dnschangehodeg. , ¥F cohtabti rrd acenor surdfeate,
FIGS. 3A or 4A) are equipped with closed cell insulation 17, e.g., 2" thick
15 alignment/registration to delimit passageways, a motor 56 within

cylindrical or conical inner wall 44 (i.e., within central drive
chamber 50), a fan wheel 58 within the cylindrical outer wall 46
and beneath or below the inner wall 44 (i.e., within the exhaust
fan chamber 52), and a plurality of hollow vanes 80 which reside
20 within annular fluid passage chamber 48 and delimit partial
passageway walls for each of the aligned or registered aperture
pairs of the inner 44 and outer 46 walls. Each of the hollow vanes
80 are characterized by a leading edge 82 at least one trailing

edge 84, e.g., two trailing edges 84 as shown and each delimiting



20cl osed cell foam As previously noted, the fan assenbly 12 is
general ly characterized by fan housing 42, and fan inlet cone housing or
fan housiwg 201220381951 on 34 nmechanically united thereto, a&sThg2@0lo50spy about
a flanged interface for the structures as depicted in either WO

2012/ 031295PCT/ US2011/ 050527 of FIGS. 3B or 4B. The "fan" or inpeller of
the fan assenbly generally conprises a fan wheel 58 having a wheel back 60
opposite a ri. 2, an plurality of aced apar fan iting
P nieoP SbhARICH anm HRe MBS Sﬁ E et e 135 £ Haanat b T T S o
adjacent the rim62 of the fan wheel a direc drlvefanls

cont efpit&ted” fO t?ﬂﬁc?rut%r i e%attlc\/éal ISicaE \}:I a ST 70t Sthé& such
coupling nmeans, to fan vvhge 58 in furtherance of r’rgartl ng noti on, '.

rot at i1 t 63 helPHA RHeet? THE f dditHousiiy 497bF L he ]Faﬁﬁeas%bearﬁ}?%/rl QS
generally 10 char acterized by, anong other features, cylindrical spaced
apart H4EtE4%E G S Louet A6Y aﬁaeééeah&w(etge C?%%?Ph%ﬁe%&ﬁ%]elrﬂw iChl | s,
and annul ar. space 48 delinmted thereby. In as much as the outer wall nmay be
foai r | P EhaFAErer $8d2asta f&ﬂﬁlﬁ&&t%a@ltﬁ@r'%ﬁé’ﬁ"t8|5]56§€dt%? BHPYsIHY énds,
i.e., a sleeve or sleeve like structure, 15 the interior wall _ my be

fairl yeharFarers zell &sCcyiyRfuert have %?r%e "Bb%n't%ndf%fbp%is?@bay"cIHt%r@d
end, namely, and as depicted, an open "top" and a closed "bottom" Passing
i ni ti dl2Teierendd i $19 KeWi dOUrdE 0 FIGS. 6A & 7A which, while depicting
advant ageous, non-limting flat pattern plans of/for the interior wall or
motor 20 AGUSI Rg "sHel re%@ﬁ@t“ﬁ@l 89Y hothbnaliseiebres it LB ESIoNdiaTy
flat pattern plans of/for the outer wall. In connection to the

cyl i ndfi cdithamet Wdlds 44, dn dgerércgld w%@fh%és sedifttals Uhd SEe B HafFe 0150

wi thin which fan notor 56 resides. As indicated, the cylindrical or conical
lilnner SkalUctawasnclfudes exhAD IO B2BRL295PEH WS20EYI08052F matter, it is

to be noted that improved acoustic performance for the contemplated
exhaust assembly, owing to selective insulation of subassemblies
and/or structures thereof, utilizing a closed cell insulation as
opposed to fiberglass, perf plate, baffles, etc., 1is generally
15 realized. More particularly, windband 100 of windband assembly 16
(i.e., 1its air discharge, e.g., Q., contacting face or surface,
FIG. 327), and/or the outer wall 46 of the fan housing 42 (i.e., its
air discharge, e.g., Q,, contacting face or surface, FIGS. 3A or
4A7) are equipped with closed cell insulation 17, e.g., 2" thick

20 closed cell foam.
As previously noted, the fan assembly 12 is generally
characterized by fan housing 42, and fan inlet cone housing or fan
housing transition 34 mechanically united thereto, as by bolting

about a flanged interface for the structures as depicted in either
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base 45 so as to thereby delimt a notor shell for support of the fan
notor, which is adapted in furtherance of operative union of the fan notor
to the fawowhealsi2obbreover, and as is best appreciated werrhuscafiesesete to
either of FIGS. 6/6A or 7/7A, inner 5 wall 44 (e.g., FIG 6 or 7) includes
spaced apart apertures 54, advantageously, but not exclusively, as |aid out
and configured as per FIGS. 6A & 7A. Via the contenpl ated

arrange onfiguratign the_inper wall or. notor usi shel |, the

ot of £an Faf - QrEoe e dRber % FBP ooy STBE BT r G Vi e 8 pdee SWiust
nore 10 particularly, in the previously established vernacul ar, while
ont 1 AT ohi GOTBEES Preant HESROL o RSt Res SHETT) Wik df SRR Tfhaust
Q' by-pass flow Q. and fan flow Q do not pass_into_or through the notor
housi rig "sHelP: PRIACDAMELET bh-¥ @ REGRS ﬁB@FEaFaBﬁ%?dﬁél%‘l 1G4n9 jthe 15
conmbination wth or in relation to the cylindrical or conjcal inner_ wall
44, déliSRht Lasnd%art$hadE 481 o &R 1Y JULIF WG sBverraIcTT 8\s T
associated, as well as a volune, i.e., chanber 52, within which the fan
vheel YesiHiEEeis eevildudy 9ihdiRGatied "GASIndS cdlS SutBrrsid 1946e d$n
cylindrical inner wall 44, includes spaced apart 20 apertures 54
advantidgE6usEyrait g out 2BNACEOR T Gure PPES aiimicd 1t hés&cer Yhe #nitetitnald 44
of the central drive chanber 50, and to be in opposition (i.e., registered
or reditiet i APChaiTBP lopposPerdh) Wit hfpregatslo sanmedsofastherderfmal
passageways, i.e., entrained flow Q conponent (see e.g., FIG 1)
passagéways 186 "R 12012/1031:295PCHIUSZ0 I 0505 AN Wheeds js notional |y
depicted (see e.g., FIG 4B), annular space or chanber 48 of fan housing 42
i s advant agésusfgnantPysing y 4¢haphcttérd z&dnNas2 T39MYt'y ofl 2cohst &fnenaildivn”

t hroughout its "height." Mre particularly, and with reference to FIG A4A,
15 di nefigimertedl 4snst igen dhengypihdri Earthnagr and lodrécanalscgiciesl apart
preferably, but not necessarily, substantially constant. Traversi ng

t he arfulsr $pade, ofoutlee f 4n) heusi nge@red pdssagewayn v | §4whicsmagarittrd a he
cylindrical inner and outer walls, nore particularly, which [ink paired
spacedvadpart aaperanresaorsparough ddbDihoted bhetrhleyvi nher aanduolt érs wald s of
t he fan housi ng. Advantageously, but not necessarily, the passageway walls
are partticad wadlll 82vi be. fanof ycohtraooeasizaddaaor ecyparitdenlreardiyng thewen”
passageway walls are configured as airfoil-shaped holl ow vanes, see e.g.,

FI G SrgrossAl ovi appleisgbpeds,rél.ati oa $besvdedtmeeeand Erongtructure,

15 the interior wall may be fairly characterized as cylinder have one
“open” end opposite a “closed” end, namely, and as depicted, an
open “top” and a closed “bottom.” Passing initial reference is
likewise made to FIGS. 6A & 7A which, while depicting advantageous,
non-limiting flat pattern plans of/for the interior wall or motor

20 housing shell, nonetheless notionally represent corresponding flat
pattern plans of/for the outer wall.

In connection to the cylindrical inner wall 44, it generally
defines central drive chamber 50 within which fan motor 56 resides.

As indicated, the cylindrical or conical inner wall 44 includes a

11



15 the cylindrical or conical inner wall, cylindrical outer wall, and the
passageway wal | s therebetween, each of the vented space flow Q' by-pass
flow Q awd20mm3itoew Q pass through the annul ar space eCTiuseotfimposbousi ng,
with, as previously noted, an entrained flow Q conponent passing through
t he passageways of the fan housing. 20 Wth general reference now to the
structure of FIG 5 and associated views thereof in FIGS. 5A-5C an

advant ageous, non-limtin assageway wall, e.g., hollow vane 80, i

depi c é%ﬁe @ pgroelaisrﬁﬁ?art?e%f?}yeroﬁeqﬁ%ltstar &lﬁtl.?rregs@felg éo% §55dr O;n%hp?ar cel
of the fan housing of, for exanple, FILG 3, and, not inconsistent with WO
2012/ GEE2 FEPCHUSIOTT) 0505295 He™ phls AGERADS BF CFPG: OB INbRdGVericR oF
further, alternate, non-limtin assageway wall is noted in connection to
the fdfhods§ng™6F Ot of © exdnpl ef?argl Gh@%,l -antfCR6CVERcongl St et wit h A9
passageways of FIG 7. 5Hollow vane 80 is generally characterjzed by

| eadi MPREFge FET MIdD elqregiie "To |Gt (s Edépicte PP G dowstirBsh
structure, fromwhich extends first and second spaced apart passageway wal l
segnentsst 18811 sée- @: g. F 1R GO 5A) .7 Ealt- Bi9eheSPRFSt aRATseEBRATSpaSed ‘apart
passageway wall segnents 88 have free end portions 10 which delimt

trai |l iy BdgesE BB LY, &Ut NRAcRXCIUGHEELY /(48 Hepf cted)ast UPisirwan as
structures, for hollow vane 80 which delimt partial walled passageway 86
(see . FIESG 9B & TA. Vi tdehi&etioow ¢ aheé Padsaiangy’ amal 11 Biabctr es,
and as previously noted, each may be fairly characterized as an airfoil-
15 sh&p‘gd%lﬂifﬁwrvén’r@ell A @irdait hoolssiuch sStaldot (Tes ate yetraYdlaly dnicin
properties and rel ationships, see e.g., "Wng Geonetry Definitions," NASA
A enn Regemchi€enteerehyt pt 97 Wrtight fdn. gevracr pPanet geomditsthi , more
incorporated herein, inits entirety, by reference. 20Wth regard to each
16F t hegrdssagaway walhs ‘ore waldevsitqusdtvur estabéadhag edgenduider egthile
generally delimts pressure (P) and suction (S) "sides" or surfaces of/for
t he standctairedad liowdRe atastbeandtcashgnmatdrt bof sk pheshell beuswitorr seese
trailing edge portions 84 of hollow vanes 80 are indicated as pressure
(TEp) earichust Q,, by-pass flow Q and fan flow Q, do not pass into or

through the motor housing shell.
In connection to the c¢ylindrical outer wall 46, it, in
15 combination with or in relation to the cylindrical or conical inner
wall 44, delimits annular space 48 into and through which several
flows are associated, as well as a volume, i.e., chamber 52, within
which the fan wheel resides. As previously indicated, cylindrical
outer wall 46, as cylindrical inner wall 44, includes spaced apart
20 apertures 54 advantageously laid out and configured to mimic those
of the inner wall 44 of the central drive chamber 50, and to be in
opposition (i.e., registered or registering paired opposition) with
regard to same so as to delimit passageways, i.e., entrained flow

Qp component (see e.g., FIG. 1) passageways 86.

12



WO 2012/ 031295PCT/ US2011/ 050527 suction (IF,) trailing edges. As is
generally indicated, the pressure surface of the passageway wall structure
i s advantwgeoienizy29sbut not necessarily, linear (i.e., tireTprsessmws@s2surface
linearly extends fromthe | eading edge). Moreover, a first 5 portion or
segnment 90 of the suction surface proximal to | eading edge 82 generally

di verges fromthe pressure surface, with a second portion or segment 92 of

t he suctio surfac t ageousl but not nec r|I bei n |n a spaced
apart parali%l™% 1%t (ﬂ?gﬂr %eﬁ T—Tyer‘ﬁe (pgreesseurge ’s Bydf’ ad%
vane/ pass |l structure. 10 As previo noted the e

val | St ueTerES Fray thed %a.fﬁfy Eﬂaraeger‘rieasaédiﬁ%%ems abiro argl ke,

I n connectlon to vane geqnetry, nnreé§$rt|cularl ,.airfoil geonetry,.

sever AP HIHZGHS ad strdd ur AT f SAREST T el iGishi FHe e e ddted,

particulars to follow generalities. 15CGenerally, as is well known (see

"W ng GSorEtTy DEPERI t 6ﬁ§l§UI?ﬁeYstr%ﬁ%hﬁ“ﬁﬁher&Fﬁ%ﬁ“F?on??heFP%adﬁ¥b to
trailing edges of the airfoil is called the chord line. The chord line cuts
the aiFfBiASi%t 0 An BEpEFCBuUrtaceCRht A + Oer 18HPFacdd A ptot 8fltRe Ioint s
that lie hal fway between the upper and | ower surfaces yields a 20 curve

cal | e®PEHE LAY /caer At AECTFER A SymmtrS @il div cHwd Aipper surface is

a reflection of the | ower surface and the nmean canber line will overlay the
chord |ine, TH0ieiema rHrfedbREeAr t HarChaty tive fRBaRCEaNBErats ma Samd Se
chord Iine are two separate lines, with the maxi mnum di stance between the
two | i'ids & e¥let ¢ad U6 DRD DA 293195 PCTAUSZDIAY 05052 0 HsS 1 heaéafibeMq®) ,
i.e., a nmeasure of the curvature of the airfoil, wth high canber

r epr eSEmt ity l& thivgh "euratlume: PEHe e anana Hisgtadiic @ Hsstweas e Giperghand

| ower surfaces is called the thickness (TH). 5Particularly, with reference
1l t hérdet erp] attdee ai ¥iosy O@D@ir@etﬁrliwelééssééewé@@wmﬂaﬁnrhﬂﬂ&#@ﬂ-the
di stance fromthe leading to trailing edges is called the chord, with chord
| engt Hslvgerteraddus ldepi bred ort r ebeeenced l yraximimpaserdeacly ofathe prsssure

and suction surfaces of/for the passageway walls or wall structures
partial walls, 1.e., not continuous, and more particularly, the

passageway walls are configured as airfoil-shaped hollow vanes, see
e.g., FIG. 5 or bA. Via the subject relation for, between and among

15 the cylindrical or conical inner wall, cylindrical outer wall, and
the passageway walls therebetween, each of the vented space flow
Q;, by-pass flow Qz, and fan flow Q, pass through the annular space
of the fan housing, with, as previously noted, an entrained flow Q,
component passing through the passageways of the fan housing.

20 With general reference now to the structure of FIG. 5 and
associated views thereof in FIGS. 5A-5C, an advantageous, non-
limiting passageway wall, e.g., hollow vane 80, 1is depicted. As
preliminary matter, the structure of FIG. 5 is part and parcel of

the fan housing of, for example. FIG. 3, and, not inconsistent with

13



10 (FIG 5A), i.e., maximum chord |l engths "LPS" (pressure) and "LSS"
(suction). A leading edge radius is generally noted as "RLE," with | eading
and trai lwogopdgeskew angl es (SAT, and SATE, respecti vecy)us2¢ih@s0s2B, bei ng
a departure from"horizontal" as nmeasured froma plane that is normal to
the axial direction and/or nmean airflow 15 direction, e.g., SA equals O
for the depicted suction surface trailing edge of FIG SB I\/breover vane
chord (\Q and chord rat % enerally d flg d as gllo

rrax(LI5§1 %ﬁsa@”a—%?\%ﬁ S)/ eov%r | § ght'“6FSFhe & Fé&&u ﬁg “t%
foll o#lﬁ& par anet er ran re. 20cont Sn’gl ated, and bel i eved gznt ageous,

t houg UL EESHAIY A Fﬁ ings BRES9167t 001000k TR LES U Woto
25% MD 2012/031295PCT/U820 1/050527
£, for example, FI , and not inconsistent with the passageways
of FIG. 7.
5 Hollow vane 80 is generally characterized by leading edge 82,

i.e., a “front,” “lower” (as depicted) or down-stream structure,

from which extends first and second spaced apart passageway wall

segments 88 (see e.g., FIG. 5A). Each of the first and second

spaced apart passageway wall segments 88 have free end portions

10 which delimit trailing edges 84, 1i.e., “back,” “upper” (as

depicted) or up-stream structures, for hollow vane 80 which delimit
partial walled passageway 86 (see e.g., FIG. b5H).

In connection to the passageway wall structures, and as

previously noted, each may be fairly characterized as an airfoil-

15 shaped hollow vane. Attendant to such structures are generally

known properties and relationships, see e.g., Y“Wing Geometry

Definitions,” NASA, Glenn Research Center,

hitp://wright .nasa.gov/airplane/geom. html, incorporated herein, in

its entirety, by reference.

20 With regard to each of +the passageway walls or wall
structures, leading edge 82 thereof generally delimits pressure (P)
and suction (S) “sides” or surfaces of/for the structure as
indicated, and, as an aid to further discussion, the trailing edge

portions 84 of hollow vanes 80 are indicated as pressure (TE;) and

14



RLE/L = 0 to 25% SAL, = -50 to +50. SAT, = -80 to +80. Moreover, with
regard to the nunber of holl ow vanes for a given 5 application, while
t here exiwDom/stz9act ural tension between the cylindri cetcTast@n/ososd7 i nner
walls, i.e., the notor, and thus the notor shell or inner wall are
structurally supported by the outer wall of the fan housing, it is believed
t hat an advant ageous, non-limting relationship exists between the nunber
of holl ow vanes_and 10 the nature of the fan wheel/inpeller. Mre
parti GUAMY:  (RE hufBar B horfgrivarss i &Y bE 'gdnet it SAcorr eltdted
to/wth the nunber of inpeller b!jades "x" via the expression n = x +/- 1,
with PRt age U Eher 84f t eF"Sel eRTRIPLDRY t "bkl a pili e Hurfber 1S
nanely, the next highest or |owest prine nunmber "n." 15In as much as the
hol | oW VARSI e "contt gliPed "§6°8S 46 Wave dif Hsy et ri c&lCl E4diSTy Sdge
(i.e., a lack of syrmetr)é about. a | eadi ng edge center line, or, in the
af or ereHthidited SEFEMY EX CRESEaATchRBet € R hRI doede hotM4ER T Veiporf tihe hor d
line), the hollow vanes are |ikew se contenplated to be configured to have
20 BT i Cal ST e ng” @dge ERSeSUCEheNmedn feaRbEr OFiLAE 1 &1 S SHSHHT he
cord line). Such straight centerline hollow vane configuration is believed
especi®ldsy S2d9aREAGESUsIIWRF PR F1 YWty 8rsiSFret §UF §2aScost det 9GS For
exanple, and without limtation, energency tunnel ventilation utilizes
r ever SBIte GretoF atRITPRE uf £ hef ahbe 61 CRBC20EPFG3£295PCHESSEPHSG505 PPt
handling fire and chem cal energencies in underground tunnels. Wth a jet
fan héusi RGCERGPECLEr | PRANBYL MG ISBROPEnés2RAVPAG2 oVval ol ot hersisymett ¢
configuration, greater fresh air introduction as an aid to extended notor
oper attihen birs sselriceved fpessPbl ehe Wi ¢ hl prprovedrassageway wall structure.

10 As previously noted, the passageway wall structure may be
fairly characterized as an airfoil or airfoil-like. In connection
to vane geometry, more particularly, airfoil geometry, several
definitions and structural features/relationship are to be noted,
particulars to follow generalities.

15 Generally, as is well known (see “Wing Geometry Definitions”),
the straight line drawn from the leading to trailing edges of the
airfoil is called the chord line. The chord line cuts the airfoil
into an upper surface and a lower surface. A plot of the points
that 1lie halfway between the upper and lower surfaces yields a

20 curve called the mean camber line. For a symmetric airfoil, the
upper surface 1s a reflection of the lower surface and the mean
camber line will overlay the chord line, however, more often than
not, the mean camber line and the chord line are two separate

lines, with the maximum distance between the two lines referred to
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5t hrust realized. Returning briefly to the representation of the
partial passageway wall of FIG 5 or 5B, as well as select contextual

repr esentwoizoresidyer eof as will be noted, it is advant ageouskyiososeenpl at ed
to include/incorporate a flange or tab 94 in 10 furtherance of supporting
a w ndband 100 or wi ndband assenbly 16. Each of the holl ow vanes 80 is
general ly adapted to include a flange or tab 94 which outwardly and

upwar dl xtends fr a wall segnment of the spaced apart sage wal |
Segnerts “G&l FRTPER (he Mot | ov VAR (Sedr PG, COETE ChR) oL note 21t P01 1)
parti cultgl ﬁ s shown, the 15§ressure su f,age of the holl ov¥évane (see
e.g., H 18P FreiP8B) . TePreSSR Y'Y effer ENEE noW YOIBFS: 8T %hd Mtae U
sectional views thereof, a preferred, non-limting w ndband assenbly 16 is
not ed. A AJENEE a8SWESPr Vi DuLIRPSTot 889w t AV Fegard 196 She L8y Tt F¢ait ut er
wal | of the fan housing, an interior surface or face of the w ndband 100 of
20 t héMiSFdaTd @<€8enbiy 16 is adapted to include a closed cell foam

i nsulation 17 in furtherance of inproved acoustic performnce of the
exhaust farf HIUSTHGvhaustt aRc Esembt yEO MbPeoFertca8 lphglcateédod ©F

wi ndband flange 102 is held interior of a |ower peripheral rim104 of the

wi ndbard fro0, larnk¢ spageadapart Yder eFFEHT TWOC20121 03 F295RPETFUS2D/ (815527
via radially spaced apart brackets 106. As shoul d be readily appreciated

wi t h rlérélaicd a ¢,rae lgng RAgexsB;S tdvd Mchdben Fhtabk etis M 08 o lopertars vel y
mated with the flanges or tabs 94 of the wall segnent of the spaced apart
passagSiayr Ml deegreRts O6f ThbET O BYaiesx B0 sd®r eagh, oFItdie gxessure
Thus, in light of the foregoing assenblies, subassenblies, and structures,
her et ¢frst eukirdwn exhaasesfal/ housilty Per shegsiang Vel at el & eherts cudie sas,
anong ot her things, single thickness vanes and contraction nozzles, are

18l i m ndtléd Viil.e Incnet Wal@s8r ethaingl N die! s1OTLRRC | (e sefuntcio e el Bt s.

Mor eover, via the described and/ or
(suction). A leading edge radius 1is generally noted as “RLE,” with

leading and trailing edge skew angles (SA,, and SA,,, respectively),
FIG. 5B, being a departure from “horizontal” as measured from a
plane that is normal to the axial direction and/or mean airflow
15 direction, e.g., SA equals (0ec for the depicted suction surface
trailing edge of FIG. 5B. Moreover, vane chord (V) and chord ratio
(CR) are generally defined as follows:
L = max(LPS, LSS); CR = min(LPS, LSS)/L
In light of the foregoing, the following parameter ranges are
20 contemplated, and believed advantageous, though not necessarily
limiting:
CR = 10 to 100%
TH/L = 1 to 50%

C/L = 0 to 25%
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depicted assenbly el enents, their relationships and interrelationships,

i nproved pressure versus flow characteristics are noted with reference to
her et of orwoknmws1®zhaust assenblies. Further still, i nprovak2&i00ss27
attenuation is |ikew se achieved via 15 the described and/or depicted
assenbly elenents, their relationships and interrel ationshi ps.

Finally, since the structures of the assenblies/nechani sns di scl osed herein

may be enbodi ed | th_erO zpe%i fic forms without departing fromthe spirit
or general char Sti%edq Her

“eof, some 20 of which forns have been
i ndi cated, the erhbod_irr_e #st described and depicted herein/with are to be
consi dered in al9 Lfespect s ?1TUStrati ve and not restrictive. Accordi ngly,
t he scope of the one or nore %ig)scl osed inventions is/are as defined in the
| anguage of the “Appéendéd &Pai'®° and incl udes not insubstantial equivalents
25t hereto. WD 2012/ 031295PCT/ US2011/ 050527 That_which is clained: 1. An
exhaustoTeay Stousi g corptTSi hg PRI PSPPSR iHdriieat OBr VRBRF caPTelPereite a
second cylindrical elenment interior of said first \(lz\él i ndrical or conical
&l enePP drd td Prurdlity Greparexaft s 52 pasEHGERAT L WAFPS 16Pe PRETRENY Wi ti ng
said first cylindrical or conical elenent and said second cylindrical
el enenty,l1a{5ntcer | VIt Spated detiod t Bl by sai 8- seEBAIMEYPENdATCalt PelSe ¥t i n
fluid conmuni cation with anbient air exterior of said first cylindrical or
coni c&ICtEemdYRtl vick parmStalvidds Safevidy WalUS 10fY SAIRP PRl an yheipuder
partial passageway wal | s, each partial passageway wall of said plurality of
parti maldaﬁag@\ﬁaﬁaﬂahwséﬁar attetFZedl byvepacedt aparad e sy W~
segnments which unitingly termnate so as to delint a |eading edge for each
part i dlingasiseyeraytwarnishéf sxiatparet @bepdssagewdr walll 8o 1 ad i ate s gingl
spaced apart passageway wal |
10 the nature of the fan wheel/impeller. More particularly, the number
of hollow vanes “n” may be generally correlated to/with the number
of impeller blades “x” wvia the expression n = x +/- 1, with n
advantageously thereafter selected so as to be a prime number,
namely, the next highest or lowest prime number “n.”
15 In as much as the hollow vanes may be configured so as to have
an asymmetrical leading edge (i.e., a lack of symmetry about a
leading edge center line, or, in the aforementioned semantic, the
mean camber line does not fall upon the chord line), the hollow
vanes are likewise contemplated to be configured to have a
20 symmetrical leading edge (i.e., the mean camber line falls upon the
cord line). Such straight centerline hollow vane configuration is
believed especially advantageous wherein flow reversibility is a

consideration. For example, and without limitation, emergency

tunnel ventilation utilizes reversible Jjet fans in furtherance of
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15 segnments having a free end delimting first and second trailing edges
for each partial passageway wall of said partial passageway walls. 2. The
exhaust fwo 2omusizdg of claim 1l wherein a first wall 20rpaasagensys2nal |
segnent of said spaced apart passageway wall segnents is characterized by a
first chord I ength, and a second wall passageway wall segnent of said
spaced apart passageway wal |l segnents is characterized by a second chord

l ength, said first chgord | ength bein reater than said second chor

oot Ha3E 6 5655/ §91798POT A SSO P OB0A5F ©8. HET EERADa L TR T g of
claim1l1 wherein first | | passageway wall segnent of said spaced apart
aesagnt varl Dt S R Bl by oM retThoraf BRoCHE Cand o
second wal | passageway wal | segnent of said %paced,apart assageway wall 5
segnemt<S’s ng‘n@?égﬂér i\{%él%r% S8Corfé THoTd &gt ﬁ,lrséPHrging’E %o%/%l 9%engt h
bei ng substantially equivalent to said second chord |ength. 4. The exhaust
fan héust hg EFtEPQ?ﬁ1@99W%HQﬁ§F%¥¥QW§F5RﬁﬂPevfé-E%%%h@%gaWWWéPP@ﬂﬁﬂﬁﬁﬂ of

sai d spaced apart passageway wall segnments is a pressure surface

char adtetiSFed 9 & S4rst chord length, and a second wall passageway wal
segnent of said spaced apart passageway wall segnents is a suction surface
char act er i Z&F By 1d%Sebér@ Tdhor 8°1 ehBEh, TRFESERF3EL@Ror ot | ritft h AFeitighL
greater 15than said second chord length. 5. The exhaust fan housi ng of

cl ai MPRSAPEIGY a"# it s Iwdl 16 pass&fewrly waFl "Sddment 6F18&Fd Spaced Uadar t

passageway wal |l segnents is a pressure surface characterized by a first
chor d representations thereof as will Dbe noted, it 1s advantageously

contemplated to include/incorporate a flange or tab 94 in

10 furtherance of supporting a windband 100 or windband assembly 16.
Each of the hollow wvanes 80 is generally adapted to include a
flange or tab 94 which outwardly and upwardly extends from a wall
segment of the spaced apart passageway wall segments delimiting the
hollow vane (see, e.g., FIG. 4A), more particularly, as shown, the

15 pressure surface of the hollow vane (see e.g., FIG. 4 or FIG. 5B).
With reference now to FIG. 8 and the sectional views thereof,

a preferred, non-limiting windband assembly 16 is noted. Again, as

was previously noted with regard to the cylindrical outer wall of

the fan housing, an interior surface or face of the windband 100 of

20 the windband assembly 16 is adapted to include a closed cell foam
insulation 17 in furtherance of improved acoustic performance of

the exhaust fan housing/exhaust fan assembly. Moreover, as
indicated, a windband flange 102 is held interior of a lower

peripheral rim 104 of the windband 100, and spaced apart therefrom,
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20 length, and a second wall passageway wall segnment of said spaced apart
passageway wal |l segnents is a suction surface characterized by a second
chord | engohp1228idsfi rst chord | ength bei ng substanti al lpgTageenabeset t o
sai d second chord |l ength. 256. The exhaust fan housing of claim1l wherein
each trailing edge of WD 2012/ 031295PCT/ US2011/ 050527 said first and
second trailing edges is characterized by a skew angl e of about zero

degr ees. 7. .The exhaust fan, hqusi of c¢claim1l wherein each trajl.ing
cdge o2 53 ALT7r SPLHRE sBBARE T AT THG edgls b eathidf chfa "Shatidd
apart passageway, wall segnents is characterized by a skew an W thin a
Pnoe TR ot Yabirs 260ctRhTRdL ST, THe GRNAURE f DI OB ai m
1 wherein said | eadi ng edge for 10Qeach partial passageway wall of said
par 11 0 paNeagiiy WAt Mt Bt or i Eod 16 5 ke T & o bR P
degrees. 9. The exhaust fan housi nggof claiml1 wherein said | eadi ng edge

for ea?attiaf HASsaFERG! wWalPT T of PEaPAIBERAYI Al IpasiagewalyS wal| $197s' 0w

5 vanes 80 (see, e.g., FIG. 4R).

Thus, in light of the foregoing assemblies, subassemblies, and
structures, heretofore known exhaust fan housing or housing related
elements such as, among other things, single thickness wvanes and
contraction nozzles, are eliminated while nonetheless retaining the

10 functions of those elements. Moreover, via the described and/or
depicted assembly elements, their relationships and
interrelationships, improved pressure versus flow characteristics
are noted with reference to heretofore known exhaust assemblies.
Further still, improved sound attenuation is likewise achieved via

15 the described and/or depicted assembly elements, their
relationships and interrelationships.

Finally, since the structures of the assemblies/mechanisms
disclosed herein may be embodied in other specific forms without
departing from the spirit or general characteristics thereof, some

20 of which forms have been indicated, the embodiments described and
depicted herein/with are to Dbe considered 1in all respects
illustrative and not restrictive. Accordingly, the scope of the one
or more disclosed inventions is/are as defined in the language of
the appended claims, and includes not insubstantial equivalents

25 thereto.
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15characteri zed by a skew angle within a range of about -50 to +50 degrees.
10. The exhaust fan housing of claim1 wherein said | eading edge for each
partial paesapaspswal | of said partial passageway wal | #CZQiSg01clasatt eri zed
by a | eadi ng edge radius to maxi mum chord length ratio having a val ue

wi thin a range of about O0-0.25. 11. The exhaust fan housing of claim1l
wherein said each partial passageway wall of said plurality of partial

passa y |1.s .is 25characterized by a chord ratio having a value within
a ranggl\% WO So1s / US2011/ 050527 about 0.1-1.0. 12. The exhaust

fan hausi lai m 1 wherei i d each parti |1 of. said
Pl ur 2131 0P B EF ol PALERG iy VTS T BoRAFAEt BFT S0d byt h ThichHeZE. o

m ni erT chord ratio havcgl
element, a secon

n%y%i%%&g%al element 1interior of said first
cylindrical or conical element, and a plurality of partial
5 passageway walls operatively uniting said first cylindrical or
conical element and said second cylindrical element, an interior
space delimited by said second cylindrical element 1in fluid
communication with ambient air exterior of said first cylindrical
or conical element via partial passageway walls of said plurality
10 of partial passageway walls, each partial passageway wall of said
plurality of partial passageway walls characterized by spaced apart
passageway wall segments which unitingly terminate so as to delimit
a leading edge for each partial passageway wall of said partial
passageway walls, each of said spaced apart passageway wall
15 segments having a free end delimiting first and second trailing

edges for each partial passageway wall of said partial passageway

walls.

2. The exhaust fan housing of c¢laim 1 wherein a first wall

20 passageway wall segment of said spaced apart passageway wall
segments 1is characterized by a first chord length, and a second
wall passageway wall segment of said spaced apart passageway wall
segments 1s characterized by a second chord length, said first
chord length being greater than said second chord length.

25
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within a range of about 0.01-0.5. 13. The exhaust fan housing of claim1
wherein said each partial passageway wall of said plurality of partial
passagewaWowal2s1198 10characteri zed by a canber to m ni romUSh@nds05at i o
having a value within a range of about 0-0.25. 14. The exhaust fan housi ng
of claim 1l wherein one passageway wall segment of said spaced apart
passageway wal |l segnents is adapted to 15include a tab for mated union with

a portjon_of a w ndband assenbly in furtherance of_ supporting. sane. 5.
The extaudtcr SR hUR ng 0y EPAFNTE vitbr i Bnet pasHRiSy Sl Segiartt of

id d t | | ts i dapt t o 20i ncl ud
Lpvar 41y A N tdb TOP it of funt Oh Wi TH.% horron o a0 Tiband - 11
assenbleyr% in furtherance of suggﬁéti ng 6, The exhaést fan housi ng

ane.
of cl &TA T tHer CLompri s hy ded é1rInS%i St i BRI RR i APEr Por® ce
of said first caylindricall ,
wall passageway wall segment of said spaced apart passageway wall

5 segments 1s characterized by a second chord length, said first
chord length being substantially eguivalent to said second chord

length.

4, The exhaust fan housing of c¢laim 1 wherein a first wall
10 passageway wall segment of said spaced apart passageway wall
segments 1s a pressure surface characterized by a first chord
length, and a second wall passageway wall segment of said spaced
apart passageway wall segments is a suction surface characterized
by a second chord length, said first chord length being greater

15 than said second chord length.

5. The exhaust fan housing of c¢laim 1 wherein a first wall
passageway wall segment of said spaced apart passageway wall
segments 1is a pressure surface characterized by a first chord
20 length, and a second wall passageway wall segment of said spaced
apart passageway wall segments is a suction surface characterized
by a second chord length, said first chord length Dbeing

substantially equivalent to said second chord length.

25 6. The exhaust fan housing of claim 1 wherein each trailing edge of
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25el enent adapted to include said closed cell insulation. WO

2012/ 031295PCT/ US2011/ 050527 17. The exhaust fan housing of claiml
wher ei n awepariaigessor and between said first and secondPcyltusaaniosesk?

el enents is substantially constant along a shared axial centerline for each
of said first and second cylindrical elenments. 5 18. The exhaust fan
housi ng of clain11 further conprising a directly driven inpeller sai d

|npeller Wi thin sai |l indrical elenent and w sai d second
cylln&?lcal qhe%?d fﬁf@ngTﬁéaéxﬁg'sfxggﬁ housi hg © ?t%¥52%§ ymﬁer%‘ﬁ7said
i mpel | er_.i aracterized "x" nunber of vanes, a nunber of parti al

passa ﬁ&?%??%ﬁﬁ%e%ﬁ i%%ﬁfﬁﬁ urality of partial passageway equating to

a prinme nunber satisfying n = x +/- 1, or a next higher/lower value of the
expression which is a pri me nurrber 15 20. The exhaust fan housing of claim

1 V\,her ein_said | eadi e for artia assa IS met ri cal
about ' Céh 6FFHe G b U Ao - LA SR L L At o
furt her ﬁgﬁ{Sln closed cell insulatjon, an interior surface of said

f3 r st S&Hq SR hddptdd 1 SHALRE S Aloséd T 12550 ARt on.

passageway wall segments is characterized by a skew angle within a

range of about -80 to +80 degrees.

8. The exhaust fan housing of claim 1 wherein said leading edge for
10 each partial passageway wall of said partial passageway walls is

characterized by a skew angle of about zero degrees.

9. The exhaust fan housing of claim 1 wherein said leading edge for

each partial passageway wall of said partial passageway walls is

15 characterized by a skew angle within a range of about -50 to +50
degrees.
10. The exhaust fan housing of claim 1 wherein said leading edge

for each partial passageway wall of said partial passageway walls
20 is characterized by a leading edge radius to maximum chord length

ratio having a value within a range of about 0-0.25.

11. The exhaust fan housing of claim 1 wherein said each partial

passageway wall of said plurality of partial passageway walls 1is

25 characterized by a chord ratio having a value within a range of
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22. The exhaust fan housing of claim1 wherein said | eading edge 25for said

partial passageway wall is asymmetric about a centerline WO

2012/ 031296RCID/I382811/ 050527 t her eof . 23. The exhau®CTfisrothoseseng of
claim?22 further conprising closed cell insulation, an interior surface of
said first cylindrical 5elenent adapted to include said closed cel
insulation 24. An exhaust fan assenbly conprising: a. a plenumfor
recelp %%H? st and bypass flow, b. a fan assenbly in fluid

com‘rur?L 5 on i b 'said plenumand 10 characterized by first and second

fan assenbly portions, said first portion conprising a fan inlet cone in
conbination with an inlet cone housing, said second portion conprising a

2l ono b ?%kﬁeﬁ%ﬁ%&f“ ?Feaaﬁi’om%““edﬁpi[ﬂtw r wﬂw%“% 5 s vt

bet ween sai d i nner and ? Ler wal_| i central drive _chanber
ci r curfer &S Y 7 ﬁﬂ%dsﬁﬁ sBir g fnhe¥ ﬁélpaﬁﬁ&a dRpEEG IEE e t'&il Sa 1ot or
for an _exhaust fan, and iii).an exhaust fan chanber within said outer wall

ahd béﬁ@ﬁ%ﬁ%%¥%%ﬁ%#ﬂhé1FhléﬁaeéspFBr@FP%WU%fC%%¥@oﬁ?%b%é%av%%9é&ﬁ@ﬂdﬁhg
between said inner wall and said outer wall of said fan housing of said
second’ AN Tass dMI9P o B s -4 %o Y-eside within said annular fluid
passage chanber thereof, each holl ow vane of said holl ow vanes
characterized by a Ieading edge and two trailing edges, each of said inner
and outer
13. The exhaust fan housing of claim 1 wherein said each partial
passageway wall of said plurality of partial passageway walls is
10 characterized by a camber to minimum chord ratioc having a value

within a range of about 0-0.25.

14. The exhaust fan housing of claim 1 wherein one passageway wall
segment of said spaced apart passageway wall segments is adapted to
15 include a tab for mated union with a portion of a windband assembly

in furtherance of supporting same.

15. The exhaust fan housing of claim 1 wherein one passageway wall
segment of said spaced apart passageway wall segments is adapted to
20 include an upwardly extending tab for mated union with a portion of

a windband assembly in furtherance of supporting same.
16. The exhaust fan housing of claim 1 further comprising closed

cell insulation, an interior surface of said first cylindrical

25 element adapted to include said closed cell insulation.

23



25wal | s adapted such that said each hollow vane delimts a WO

2012/ 031295PCT/ US2011/ 050527 partially wall ed passageway for radial fluid
fl ow fromvexveridm9sof said outer wall to and through saiPdTiuse@n/oseskt and
into said central drive chanber; and, c. a w ndband assenbly operatively
linked to said fan 5 assenbly, said w ndband assenbly characterized by a
plurality of brackets adapted for nmated securenent to a portion of each

hol | ow_vane of ald rallt of ho vanes in_furtherance of Jpporting
sai d %%a&ﬁﬁm eassaeuqo betaftontofLald FantRatirng. “0038% A tomaot

f f f \

aifhe it R %raéﬁ%%%é&{;a% Lo ogsh e 2Fenrrr R Th A Re e S ound
tt t 6 Al h t f nbl y d I

fl UFS”cSoais%g@et UEHG0R TOT LR P RaTH TaTr VI o BT do by e o gt A
characteri zed hy sound attenuation material. 27. An exhaust fan

assemSiSF B QY34 Sier i A S nner surface of 20said inner wall is

%QU|pped with closed cell foamin furtherance of

18. The exhaust fan housing of c¢laim 1 further comprising a
directly driven impeller, said impeller housed within said first

cylindrical element and below said second cylindrical element.

10 19. The exhaust fan housing of claim 18 wherein said impeller is

w

characterized by X" number of wvanes, a number of partial
passageway walls "™n” of said plurality of partial passageway
equating to a prime number satisfying n = x +/- 1, or a next
higher/lower value of the expression which is a prime number.

15
20. The exhaust fan housing of claim 1 wherein said leading edge

for said partial passageway wall i1is symmetrical about a centerline

thereof.
20 21. The exhaust fan housing of claim 20 further comprising closed
cell insulation, an interior surface of said first cylindrical

element adapted to include said closed cell insulation.

22. The exhaust fan housing of claim 1 wherein said leading edge

25 for said partial passageway wall is asymmetric about a centerline
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sound attenuati on.

I nner surface of a wi ndband of said w ndband assenbly is equi pped with
cl osed cewb 2mBfaysi n furt herance of sound attenuati on. PCT/US2011/050527
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ther

23.

cell

eof.

The exhaust fan housing of claim 22 further comprising closed

insulation, an interior surface of said first cylindrical

element adapted to include said closed cell insulation.

24.

An exhaust fan assembly comprising:

a. a plenum for receipt of exhaust and bypass flow;
b. a fan assembly in fluid communication with said plenum and
characterized by first and second fan assembly portions, said
first portion comprising a fan inlet cone in combination with
an inlet cone housing, said second portion comprising a fan
housing characterized by spaced apart inner and outer walls,
which alone or in combination delimit i) an annular fluid
passage chamber between said inner wall and said outer wall,
ii) a central drive chamber circumferentially bounded by said
inner wall and adapted to retain a motor for an exhaust fan,
and 1ii) an exhaust fan chamber within said outer wall and
below said inner wall, and a plurality of hollow vanes
extending between said inner wall and said outer wall of said
fan housing of said second fan assembly portion so as to
reside within said annular fluid passage chamber thereof, each
hollow vane of said hollow vanes characterized by a leading
edge and two trailing edges, each of said inner and outer

walls adapted such that said each hollow vane delimits a

25

28. An exhaust fan assenbly of claim 27 wherein an
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partially walled passageway for radial fluid flow from
exterior of said outer wall to and through said inner wall and
into said central drive chamber; and,

c. a windband assembly operatively linked to said fan
assembly, said windband assembly characterized by a plurality
of brackets adapted for mated securement to a portion of each
hollow vane of said plurality of hollow vanes in furtherance
of supporting said windband assembly in relation to said fan

housing.

25. An exhaust fan assembly of claim 24 wherein an inner surface of
a windband of said windband assembly is equipped with closed cell

foam in furtherance of sound attenuation.

26. An exhaust fan assembly of claim 24 wherein said annular fluid
passage chamber between said inner wall and said outer wall 1is

characterized by sound attenuation material.

27. An exhaust fan assembly of claim 24 wherein an inner surface of
said inner wall is equipped with closed cell foam in furtherance of

sound attenuation.

28. An exhaust fan assembly of claim 27 wherein an inner surface of

a windband of said windband assembly is equipped with closed cell

foam in furtherance of sound attenuation.
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