WD 2004/ 085928 PCT/ US2004/ 008578 FAN ARRAY FAN

SECTI ON I N Al R- HANDLI NG SYSTEMS Appl i cant HUNTAI R | NC
submts the present application as an internationa

Ay 2PUHBI9 . The present application is an af{TVEEMEEsTs
claimng the benefit under 35 USC 5 Section 119(e) of
U.S. Provisional Patent Application) Serial Nunber

60/ 456, 413, filed March 20, 2003. The present

bl i cat i o ANARRR Pl BeCERA AR MR Ristige ™ °
expressly incorporated herein by reference. Page 1 WO

2004 005 BETARAR KOG o i ok Y har

The prese I'nvention 1Is Irected to a Tan arra
aBRJ@GtIODn The preport gprligation isanapplication qiaiging {hecherefit under 35 USC

5  SAkton haﬁ;ﬂws PreviorE| léaém ApplichifnrSedaltNunib@r 60M58|413, filed March 20,

tr dlt | S
203 o ps B Abpls € heReh e S a1 B0, B2
disglosune ofiwhighi'iy hergby mtplesﬂﬁnmrpotgted bereindyréfereniest i ned as a
structure that includes conponents designed to work
together in order to condition air as part of the
primary systemfor ventilation of structures. The
air-handling system may contain conponents such as
B cooling coils, heating coils, filters, humdifiers,
f?) fans, sound attenuators, controls, and ot her devices
- functioning to neet the needs of the structures. The
10 air-handling system may be manufactured in a
factory and brought to the structure to be installed
or it may be built on site using the necessary devices
to nmeet the functioning needs of the structure. The
ai r-handling conpartnment 102 of the air-handling
systemincludes the inlet plenum 112 prior to the fan
inlet cone 104 and the discharge plenum 110. Wthin
the air- handling conpartnment 102 is situated the fan
unit 100 (shown as an inlet cone 104, a fan 106, 15
and a notor 108), fan franme, and any appurtenance
associated with the function of the fan (e.g.
danpers, controls, settling nmeans, and associ at ed
cabinetry). Wthin the fan 106 is a fan whee
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(not shown) having at | east one bl ade. The fan wheel

has a fan wheel dianeter that is neasured from one

side of the outer periphery of the fan wheel to the
oYP8M4(08593% de of the outer periphery of the RCHAUS2004/008578
wheel . The di nensions of the handling conpartnent 102
such as height, 20 width, and airway |length are

det erm ned by consulti ng fan manufacturers data for

t he of_f ected. FIG | shows an exenpl ary

B PK@%&%‘P WI%ME? ng system having a single fan unit

100 hous &tle presem irrentioh iardilettad)tocdiap arayfan sectig utilizetgn an air-
5@ }ﬁ pur poses, the fan unit 100 is shown having

an [

cone 104, a fan 106, and a notor (% J‘J% i
st ruct ur édr-hasgiing evssﬁ@%(aﬁs referirdite psen yf handisy) haye traditonally been
u¥Ed tb BBnditioh bilding€ btrobms (HResinafemegfeleditoats “siructucasBr An air-handling

R & 03T g8 e ) T PP P RoiflftBuohBodirin orderto
canditioh aineé partofdhenprianannsysiem fgmnhimnghatmtum Fheair-handijpg system

rr%k Lottah %dh@egt?gg&ra{s?ﬁﬂ% 13%% I'ée‘r‘?tlﬁélmts aill"téélJtsa'HnﬁdiﬁEré/ M8 Cbound
Sl EATaE, S eE s BRI T st srec She M. The
aiphawiling sykemomay emamifaturadin bdactay ambramgmmh@sttuctum be

fﬁg@?ﬁ{ﬁﬂfﬁ}l btegllil%gm uglfgntﬁé Hé%&l&?ﬁ: %e‘i %&?ﬁ&ﬁomng needs of
P2.0f

thetrutare) ;rhmr-handummmpﬁrt@entﬂ almn@dwysf&mwﬂe? the infet
plehirh 2 btk tothe R diidiRond RIAEAY ﬁibQilsciESrge Bléhltzm ano. ofvithinthe air-

ransing givatime, 05 sied the 91 it 18 pines el g 104 fen 108

af®g noton108)| faciframé, @did byy apgpadenafice/@sadddd OBEHE &unction of the fan (e.g.

d?qﬁfgéry%ﬁa?oﬂ Q&@iﬁqﬁliaﬁs %ﬁtf 4546 &#‘555[@{?)1 Yfithi tﬂ_@ﬁns‘lbﬁﬁ a%n wheel

¢one Ize 0 e sl ze

(nashowmbhaying £ feastong blefe E'Tezfé" whesa! figs 3 138 WPP%I Riamefes fhat is
nieRSUNY frobh oheBSidd of iR duted pbiiphe§iop thaifaewhdibiol tenppasitef sudetdﬂthe outer

al rvvay @\%%3 wg}ﬁgl t;llé:'nl Q&%&%ﬁ%ﬁéha@@@?&gﬁ#@ Ol '1595&:9 ﬁelght

mqumamaarwaynemmme tietemminagifbytchmsufting fannnarmfam&rs eatitw the type of fan
% a first exenplary structure reqwrlng 50 OOO

SEUDT ¢ feet per mnute of airflow at six %81)

wat er gaddG.prhews ar exespialy grion art gir-hgndlingsys %avgnlgla(ﬂngle fan unit

1006 hougid inl2@RihaRging compartment 102, For exemplary purposes, the fan unit 100 is

* shown having an iniet cone 104, a fan 106, and a motor 108. Larger structures, structures

requiring greater air volume, or structures requiring higher or lower temperatures have generally
needed a larger fan unit 100 and a generally comespondingly larger air-handling compariment
102.

As shown in FIG. 1, an air-handling compartment 102 is substantially divided into
a discharge plenum 110 and an inlet plenum 112. The combined discharge plenum 110 and the
inlet plenum 112 can be referred to as the airway path 120. The fan unit 100 may be situated in
the discharge plenum 110 as shown), the inlet plenum 112, or partially within the inlet plenum
112 and partially within the discharge plenum 110. The portion of the airway path 120 in which
the fan unit 100 is positioned may be generically referred to as the “fan section” (indicated by
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conpartnment 102 | arge enough to house a 55 inch

i npeller, a 100 horsepower notor, and supporting
framework. The prior art air-handling conpartnment 102,

i WOr2004/08503%11 d be approxi mately 92 inches hi RCTAB2004408578
to 147 inches wide and 106 to 112 inches long. The 10

m ni mum [ ength of the air-handling conpartnent 102

and/ or airway path 120 mould be dictated by published
manuf acturers data f

ven e, .not.or
refRepnes pImesallidn Thesraof tie ﬂ’et 46 |1ﬁ'étﬁt‘%$§"1' Héefa a@% fgisigg e
neoterioB canyl ifeLdizecof thaifarciarhie @ul shown)aah Ie’ntsirpai‘lamjdlatergnne the length of

u?eO{IR@;% qEO 1pﬁer baﬂlgeﬁﬁ aﬁ&ﬂ)ne ﬁ{gecoh@ﬁi tdshgﬂn) mar¥ beedded to the

regu I ons, ment at'l

sastmltt@er uast@e@@ndomﬁw aﬂyemuuﬁﬁ MO includes a
recircul agtdr @Renﬁ’ﬂlé ahi?sﬂ Qk@ﬁplalﬂ-&mmrehﬁnﬁg%ﬂ O0OUBIE ¥eRf per minute of

arﬂd h ar(EﬁpﬁﬁF t%éggqe\%ens(s%%?q%ﬁlg{gg&erﬁb{ ngc‘.nrgggnélor ari-: alrbhandhng
cpmpadm&me 102Tkeige endughdd house adt Ilrnth gmaﬂelah I190 harsppiower motor, and
sﬂéﬁo‘?ﬁnlg?lrahe@b%o }'ﬁ?gﬁﬂr bR Gir-h¥ (% .Hﬁmhbm@ be

enou79 OUSG a

qpnﬁélmateiv 92 ipches high Px; tifdaid mwde@ﬁ@ 18§ 497d¢ inchgy long. The
nhihifbliRMEgth olete&aumanelrnga;bmpéﬁrﬁem mmancm alR@aREt TEDVioultie, dictated

L.d b h
c RublELE e R I sty R g o 5 FRPIRRtet i o
chkingftsizing fguidbeshaivrextmpleiyirvigs foosmpiiguring an ait-dandiingicampartment 102.
T%éew@bés an%tﬂaséé&] a&%ﬂt&e regdraﬂa;@tﬁﬂ Rijerimiptdtism ed

manuf acturers data gi ven fan téc mot or si.ze
and app! iFaEXasHPle, PrsPQH“d expplay e ipien 2 pGTElonihpndler
ueXEiRbMicyndudictand phameseadticgiltidan Goonis raquirinaslion Bepic feet per minute

PR o 1450 T 00 g o

"BM"'BQ systam with a W&h%ﬂfmmf@}l@ﬂ@ﬁ@ 182 {AsgerrneyoipiodiguseAsd4 inch impeller,
a 3o bk tritfor] 4hdl sOMioRthg ﬂ%ﬁeﬁ?ﬁﬁ.@h@ﬁﬁbr Bft 31Ph&ing compartment 102,

Bec a@ﬁ@l r e%?ﬁgﬁflﬂ?%}}gﬁ( lpﬂ%s hygh % n’gp @g gr%q%. 1o 100 inches long.
Tae midkvae length of theqzinhianating cdnﬁﬂamr&nmdzaauhf sirwaychethi 126 kioald be

ﬂﬁbﬁh&@&aﬁiﬁéﬁt&eé%ﬁ% ga etﬁ\;&? tge{eg n‘o?or@fzg gﬁ&: Sppﬂ&ﬂion Prior

ompro
asu Oﬁ@‘ﬂ%? sizing guﬁf-'a @ommplewwﬁfnsw&gqr@g &p etr-amdlmg simpgrtment 102

Thade rus b bho&Y &l ptimafidn, Feg@iBkonk antléfperinttfiation| Y have
opt il erhege prh;r art air-handling systems have many problems inciuding the following
exemplary problems:
. Because real estate (e.g. structure space) is extremely expensive, the
larger size of the air-handling compartment 102 is extremely undesirable.
. The single fan units 100 are expensive to produce and are generally
custom produced for each job. ’
. Single fan units 100 are expensive to operate.
. Single fan units 100 are inefficient in that they only have opfimal or peak
efficiency over a small portion of their operating range.
. If a single fan unit 100 breaks down, there is no air conditioning at all,
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efficiency over a small portion of their operating

range. |If a single fan unit 100 breaks down, there is
no air conditioning at all. Page 3 WD 2004/085928
PED/20828D2% 008578  The | ow frequency sound GfCTVUE2004/008578
| arge fan unit 100 is hard to attenuate. The hi gh

mass and turbul ence of the large fan unit 100 can

cause undesirable vibration. Height restri cti ons have
necessitated the use of air-handling syste

with 5 two fdHeln fFeguensy send.ahleden g%fanﬂalhm ip pafd to attenuste.
adj acent ¢ 0 eanb highRfes and tubRhdebf iR 1966 £, unid AWERIcause
that a good en mﬁ_%al nﬁ gractlce is to design air

handl er cabi n Yr'ét®r ge pl enuns 110 to be

synmmet r i cldeight cestristiorisinaes recessitated thefuse of aif-hentling systeros built with

T
Bl Bl oy o 8 v e i B
that &gopd engiteernaPredice i§iip fesian airdengardFbingss pd %s'maw plenums oto

RspRfletricalts Ricilitgteandte mimﬁﬁtammrm thienddth Bhdkeigh bithe Aabinet.

'ISMEI? fﬁ? él'ﬂ;gsn@g% € %ant]: {-lvﬁe _ i%ls :h% @P@gﬁﬁﬁ Q{n& e uﬁi{]g designhed
vibra highsisgeds datio te mmmm!ate ﬂ'@p@@l’ﬂ'ﬂl flewiraigt A9 ehfw-@r#sthf'- @reenheck
\;\ﬁiﬁ{gg‘#ﬂﬁ %gr%tlrﬁg:é?ﬁshgéggléhdnﬂé‘ﬁnaﬁﬁﬁpﬁ?ﬂgﬁy—ﬁée %&ggmm@s éoﬂtémplated
05 S BT Rera i AFRDRS 1 Al Sy iy ap B oot s e wheel
dientbidrizpacivy Hetweah tiecfah Wwhgkss anbilhut leGiteonn haltkfmmﬂaeekﬂanmter between
tﬁé’ i%ﬂ aﬁcp {?18 H\{arlgﬁj ce|¥n { %S %—.“rééﬂﬁéck r%lreﬁ ée%ﬂcﬂgtsgt%sqm

ence or mance
anﬁumantsmlﬂh Em#naﬁlgg wﬁmneampmmﬁ l?§$6ﬁg Normally, theair-

HaRdTiRg &< hnddikhaAtifhgdRfipgmAsht HOZ ard d@ﬁgﬁerarrénawmtf@ﬁi vebcity gradient

og%&g%%nﬁ%ﬁmg;n 3 egpﬁyd“}heﬁﬁrgct{gaap 7@3 {]]'ﬁ {wtf%?p unit 1B8 air-handling

systembdodevengstill substaetially suffereshicam the prblens wbibe single aihit gmbodiments.

Thi n_{;ef\@s%g r%cfoﬂmi&d;ﬁ a@véﬁ@g@@ﬁy ﬂéreé t é Hl%lfe ltl unlts 100 from oneto .

no recog I on O van ag

two Fyither theitwe fanneit ﬁQﬂﬁ?@F‘"b?XhP!iﬁa uvn~v@fomm!ﬁftfq%aﬁae’ﬁ@t in t!s'e region
f61MWing Fhe e it 100t breitek aneven bﬁﬂoﬁ%é‘sﬁ fitdre) RoiRxariddolifid &ttenuators.

non- Ut 1 GF Kokl 2 bk o5k SRS bk S!S 2o of il fan

" calingsystérnd. t Rar sxanybs, ILES. Patet No.6i 4845 to Ranebyses 2 miuftiple-fan modular

cgaﬁlg l?tgrgl% Fh?fB Hﬁtélﬁﬁfn lﬁbﬁﬁfpfe' combortlPbstecttaniCddviteE NAlthough some
of the advaniages realized in the Bonet system would be realized in the present system, there
are significant differences. For example, the Bonet system is designed to facilitate electronic
component' cooling by directing the output from each fan to a specific device or area. The Bonet
system would not work to direct airflow to all devices in the direction of general airflow. Other
patents such as U.S. Patent No. 4,767,262 to Simon and U.S. Patent No. 6,388,880 to El-
Ghobashy et al. teach fan arrays for use with electronics.

Even in the computer and machine industries, however, operating fans in parallel
is taught against as not providing the desired resulis except in low system resistance sifuations
where fans operate in near free delivery. For example, Sunon Group has a web page in which

they show two axial fans operating in parallel, but specifically state that if “the parallef fans are
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cool i ng systens. For exanple, U S. Patent No.

6,414,845 to Bonet uses a nultiple-fan nodul ar

cool i ng conponent for installation in nultiple

cwopaaen2ay el ectroni ¢ devices. Al though saax/usedd/08578

t he advantages realized in the Bonet system woul d be

realized in the present system there C > 25 are

S|gn|f|cant di fferences. For exanple, the Bonet system
desjgned to facilitate el ectronic comnmpone

Bl V0 Bgel VR PREHE TP RoRPUR e h 1PSH Parassg n low resus

viith @aiafiél Canchpeiatien. D Sintllaeexamples oBeacting apinstasIngtans th pevdliel are

féﬁ@ﬁ lﬁ'leénrgarr%llé é;‘iﬂre IJ 'ﬁ'&n@qﬁhge&ll &%%Y g%g'éréhp(a{ta%t%i I‘l@'ﬁ)%énq @om) and
amgmclq; byéan M@-EO@ é%ﬁﬂhlﬁa’%(h@ v.pergtndgromio. 6, 388, 880
to El - CGhobashy at al. teach fan arrays for use with
el ectronics. 30 Even in the conputer and machi ne
i ndustries, however, operating fans in parallel is
taught agai nst as not providing the desired results
except in |low systemresistance situations where fans
operate in near free delivery. For exanple, Sunon
Group has a web page in which they show two axi al
fans operating in parallel, but specifically state
that if "the parallel fans are Page 4 WO 2004/ 085928
PCT/ US20041008578 applied to the higher system
resi stance that [an] enclosure has.... |ess increase
in flowresults wth parallel fan operation.” Simlar
exanpl es of teaching against using fans in parallel
are found in an article accessible from H ghBeam

. Research's library (http:///stati.hi ghbeam com and
an article by lan McLeod accessible at
(http://ww. papstplc.con). 5 Page 5 WD 2004/ 085928
PCT/ US2004/ 008578 BRI EF SUMVARY OF THE | NVENTI ON The
present invention is directed to a fan array fan
section in an air-handling systemthat includes a
plurality of fan units arranged in a fan array and
positioned within an air-
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handl i ng conpartnent. One preferred enbodi nent may
i nclude an array controller 5 progranmmed to operate
the plurality of fan units at peak efficiency. The
pWOrzsl4ies92%f fan units mnay be arranged in a ROT(ES2004/008578
array configuration, a spaced pattern array
configuration, a checker board array configuration,
rovvs sI ightly offset array configuration, colums -
off nfiguration, or a staggered
ﬁBY %e'iﬂﬁa %xlzfrl)g\i)foregm ng and ot her
0 b j ect | v @he plesartirventiondudiresteiy tora fag exayfan sérdion imasrsirthgndiing

%gfé"} H‘aﬁgd'{?fr%v%tga @F@ r+ uhi &yg’g@béﬁ ﬂ%ﬁ’gﬁ Q:?aﬂ/ éi'ﬁrﬂaﬁélﬁkﬁiéaﬁvitﬁm an air-
“““"“mqmﬁmﬁ%@ﬂelpﬁfijw'msw RAFPHRE FER AR g

prE il DES I PTlﬂg\l 0:12 &%rﬁﬁﬁgaﬁ:@%ﬁmﬁzﬁﬁﬂﬁm of fan units
mey be afranged In g'fnbeear(ﬂy E@#p%( gglygf:’% %I?a A 43%\% N@Recker
beard efraydinfiguyaton soesslighthi ofgetaarra)g confioeration g@um:gﬁf.hgmlypffset array
cmﬁémaﬂ?ﬁaan exgedg%dapgorﬁ@mgﬁﬁ ment. FIG 2 is a side

an arra ect |
ai r - hand |Thﬁ§oreg5mg>pgnp é‘f‘heb‘?bl?ql%glsp{g@@ﬁ?t an rﬂ%?ﬂt?%ﬁ °th3 jryygption wil
ba rrnwfeaanymm@étosmdoh cheilerstioh of the fodwingdetailed desuripionrefthe

L S e L e

air-handling system of the present invention having a
plurality 'of small fan units within an air- handling
conpartnent. 10 FIG 4 is a plan or elevation view of
a 5x5 exenplary fan array fan section in an
air-handling system of the present invention having a
plurality of small fan units within an air- handling
conpartnent FIG 5 is a plan or elevation view of a
3x4 exenplary fan array fan section in an
air-handling system of the present invention having a
plurality of small fan units within an air- 15
handl i ng conpart nent.
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FIG 6 is a plan or elevation view of a 3x3 exenplary
fan array fan section in an air-handling system of
the present invention having a plurality of small fan
uwiot2geawsioke N an ai r- handl i ng conpartnent. FIFET/US2003/08578
pl an or elevation view of a 3x1 exenplary fan array
fan section in an 20 air-handling system of the
present invention having a plurality of small fan
units within an air- hand EIG 8 is a
BRIRHPRICRIP IR O 16 SEVERAL Wt BEMRERAWISE I ary 1 an
array famc.gash Blﬂé v:bﬂ obdn éidemplawm‘io:‘ a:ga:symdf i) Tyfte?mmg a
. ent ity of sma an
s'ﬁ fg'bgﬁléwﬁ nge aﬁmé‘&?,%@% l(ﬁ gttern array with
an ai r - h&Hd2iing side igwof arcexemplary fn afraydap sechoryin 2R aB-Pa“d""g
)Et&?( Bth® eé’én?iﬁﬂr&ftioﬁﬂa\ﬂ{gta%lm&y ol SMUnRs WitHirtdh i-tiamyling
sec |on I n an air-handl'ing system of the present
bn in which a plurality of small fan units are
ar r anged FiG s g blan esleyation dew of adx6axermnplarydan aray fan section in an
aif: r-ngr\l/(g@%kb%f ﬁﬁfgntiorﬁlaﬁng %%ldra‘irtﬁrf ehaﬂaﬁ Units within an air-

n V|e ternati Ve exenplary fan array
handling eampart®ant n an ai r- handl i ng system of -t he present
i nvent i oiFiG. ivRipRA c&el@hﬂbr@hé@ ¥ #fx5uxemplafydn amsy fan se8ibn in an
are rran ed i.n rows htI ff .
alihandii PR U AR Y ot ied £ P Y sl B e iR an o
hatding¢armpartmentw of an al ternative exenpl ary fan array

fan sectd@n; pE o?élévéﬁ&?ﬂédv Bfa &Mséxéﬁrlﬁiy féﬂ@ra?ﬁﬁf@ﬁﬁon inan

invention I n | luralit l#
aﬁhawgwstem Qfélvqmﬁ%,en&'nvqyﬁ?n @P%s@&fa‘a'r 9f§9'a il an ai-
handlindéswel: anﬁ;gmconpart nment . Page 7 V\D 2004/ 085928

PCT/ US20 85 FLG.

of a 5X5(}ié% 0{ 3%"%%&3 an Sect ﬁglaﬁrlf%yﬂ{dy% éélcﬁa“ nan
airihandiing eustewgofstlsesnresanunvemen Ipﬁvm@rmurﬁlwafﬁmaﬁ)hn Bt WiEkn an air-

hQr‘idﬁ%c/ Ri&d Ly byturnlngaportlon of the fans on
cﬁl ortion of the fans off. % '}‘ o
el evat | orf G4 Tfagiangr sIRation WE PL3 vX %ﬁmg an Section in an

aﬁ-&ﬁﬁdhﬁ@systerrﬂdsf thebpredent ifveamtion ingying afiealityodt stdaltfqu upitsawithin an air-
ent| opr;mml.empl ng at 32%capacity by turning a portion

ngpeli o

FIG. 8 is a plan or elevation view of an alternative exemplary fan array fan
section in an air-handling system of the present invention in which a plurality of small fan units
are arranged in a spaced pattern array within an air-handling compartment.

FIG. 9 is a plan or elevation view of an alternative exemplary fan array fan
section in an air-handling system of the present invention in which a plurality of small fan units
are arranged in a checker board array within an air-handling compariment.

FIG. 10 is a plan or elevation view of an aiternative exemplary fan array fan
section in an air-handling system of the present invention in which a plurality of small fan units
are arranged in rows slightly offset array within an air-handling compartment.

FIG. 11 is a plan or elevation view of an alternative exemplary fan array fan
section in an air-handling system of the present invention in which a plurality of small fan units
are aranged in columns slightly offset array within an air-handiing compartment.
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fans on and a portion of the fans off. FIG 14 is a

side view of an alternative exenplary fan array fan
section in an air- handling system of the present

| WOapioginzdhavi ng a plurality of staggered snmaOT/IfS2094/008578
units within an air-handling conpartnment. Page 8 WO
2004/ 085928 PCT/ US2004/ 008578 DETAI LED DESCRI PTI ON OF
THE | NVENTI ON The present invention is directed to a

fan arra .section in.an-ajle ' S e

Shown | p ¥ 195 Bigh S pBu ik br J 88 SRflar Fak e o SBtion iman
ahandiipgisistenyofétyespresentipeantion ruphing afi 5286 capacity Ay fumieg gyportion of the
@gaggﬁd L%i%f%fgﬁpoﬁ.l n one preferred enbodi nent, the

nunits 200 are 5 arranged in rue arr FIGS. .. .
50y DG S A Rl gL o At ey SRy 3R secton in an
ait-hanglih@systenl dfadiiepresentineantiongenienais32% sEpacly by turringsppartieh of the

t . ecker board (FIG 9), rows
f@%i°b%w§‘/g’g¢'&%ft@?fﬁﬁgc§_ d 10), or colums slightly offset
(FIG 11fIG.Ad is asidpriewehan alierakive xemplsm fen @y fan seclion in an air-
hbAERhE SRRNES thd grBsehf inenBiér Mavingailirality &stagBéted 4l fan units within an
arrays, the term"array" is meant to be
aE@H%%E%EQEﬁ@ﬂﬁamio The fan units 200 in the fan array

of the present invention may be spaced as little as
20% of a fan wheel dianmeter. Optinum operating
conditions for a closely. arranged array may be found
at distances as low as 30%to 60% of a fan whee

di aneter. By closely spacing the fan units 200, nore
air may be noved in a smaller space. For exanple, if
the fan wheels of the fan units 200 have a 20 inch
fan wheel dianeter, only a 4 inch space (20% is
needed 15 between the outer periphery of one fan whee
and the outer periphery of the adjacent fan wheel (or
a 2 'inch space between the outer periphery of a fan
wheel and an the adjacent wall or ceiling). By using
smaller fan units 200 it is possible to support the
fan units 200 with less intrusive structure (fan
frame). This can be conpared to the large fan frame

t hat supports prior
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20 art fan units 100 and functions as a base. This

| arge fan franme nust be |arge and sturdy enough to
support the entire weight of the prior art fan units
190.20808¥eke of their size and position, thePCAIESAN4/008578
fan frames cause interference with air flow In the
preferred enbodi nent, therefore, the fan units 200 of
the fan array may be supported by a frane that

t t ' a mnimumrestriction to
D%&B&&bﬁ%ﬂ%%@@%%e Background, others
have tri diiepeised inEntenlipdiectdd ta afan atryfan sectionin aneir-Hapding
sﬁ?ér{% SAZSHRwA i F"\@-%efl 'ﬁ"ﬁrlé fﬁﬁ’ Qltrﬁ} fa s&.‘ﬁbﬁﬁ‘iﬁg auﬁ-l%n@%@y&éﬁ%es a

in an air-h

nment
PUTAIy o€ e ol i 20 123 IS{PETS BRPCiTaarty thefan s 200 are
afthiged irtdinge aitragi (EIGBD:N-V)? but siteragivelembadimeltemag include, forrexample,

handl
o et B P T i 155 B PR R85, o
smﬂy oftset (1G-y1 D)a or @mgu@ sfightly offest(RiG.2h1dl Asthe pregent invention could be
IFSIERSHIRT Tt tRie \Wrhys 48RP alféﬁ?éﬁbé‘&réys | the ¥R €dria§™§ freant to be

erformance | osses. A single large fan noves all the
preepsive.c api net . Using two of the same or slightly
srral | er fraetanamits 200 it the fan arrgyrodthe pesientnyveniion rhayrbetapaced as litle

o Pt 15 e Ol g e B sl S vy
mgi bg fruipd at distensepaglow e 3% 4w ﬁ&é jof a@g whegjgiggetar] Py closely spacing
tﬁérféwur% 200, 3nd?é Sifnap PomBvadan 8 s&anéese&@#a&'ia&&e if the fan wheels of

v RO e\ﬁ??é’éi“‘“g?e'tb%eg?'%%%ﬁw 9k P BT Is Rt

belivaerethe puteoperipherp df ave dart wivesl and. mdsgpéry:engnemmfsthd agljficent fan wheel

¢ ﬂé?; g%’tlﬁet@&\ﬁ‘? tés ;@ﬁﬁh&?y drQr déé?éu% a[}n%ﬂéadéé!éﬂt wall or

even t1 onal been ad
colin®-d have continued to be at |east one V\/neel

di amst er Byfking efallen ih. unitd 240NES podsibie th uispoft therasl bnn@gaoo wrth less
s T el s s boibatfd b e Rroeth falhd el Sifbotes i
att Fep Uniis) 10Drand $unebiorischs adiase. HEhisdlaige dan feapvedoust belarge and sturdy
ﬁ"%ﬁ d ﬁ%f)&ﬁ ﬁ'l@)ént% Gleﬁﬁlgﬂf %%Olt Q’t Qﬁ uﬁ%sl'ob' BE&RsObF t?é?resze and

enumrtan 1§

P?%li@"pfh% Wﬂé‘ﬂ“ F%me%mrl‘e‘e 'E'GUGFSFG%H@ ﬁ!ﬂﬂe’ye Jﬂf e prefazied empodiment,
therefgré,rthe fah lufits 2mfmethéP£ralﬁgz maflBE sipbbriedbiFa fHfe thahslipports the

o TR AR =0 ¥ e, onee, o

Ltd. of Asmentioned inthe Background, others have iried using side-by-side installation
of two fan units 100 arranged hotizontally adjacent to each other within an air-handling system.
As is also mentioned in the Background, fan arrays have been used in electronic and computer
assemblies. However, in the air-handling system industry, it has always been held that there
must be significant spacing between the horizontally arranged fan wheetls and that
arrangements with less spacing will experience performance iosses. A singie large fan moves
all the air in a cabinet. Using two of the same or slightly smaller fans caused the air produced
by one fan to interfere with the air produced by the other fan. To alleviate the interference
problem, the fans had to be spaced within certain guidelines — generally providing a clear space
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10 M nneapolis, Mnnesota, U S. has been found to work
well. The reason that plenumfans work best is that
they do not produce points of high velocity such as
tWoends¥ehluced by axial fans and housed centROTU3QMWU/008578
fans and | arge plenumfans. Alternative enbodi nents

use known fan units or fan units yet to be devel oped
that will not produce high veI ocity gradients in the

S 1 e P B 58 Gy b
anrdjacent Wall).c Aplying this dgichib wewd nbihave mbde sense ts qoid imgrefaps. And
PP addfifo J‘bée“eadgécf ﬁ'ﬁtép%ﬂnsﬁ& L?d hvi Q&hﬂnhéh tbﬁh@ at least one

prererred e |msn eac n units |nt§e
wheel diamelsy betyeen 1% TUHeT 1 tbmer-'aanﬂhnﬂaﬁwﬁmﬁgdug% tleﬂ?%" acking
fé?lg.ﬁﬁté Fbul@ Hav@)beam ?mhahw!eqméuse lileahedh® for 66duiiy thé 2araumits would not
. n I, rer.err
has%leeea [P cng%g) ﬁ@gy? %S%&Qegttg S%Eﬂsitfa{%on ﬁhe floor only).
uni ts 200t shoulg ea hotetﬂ fhat;the plepum fan is e srezﬁsm fart ynit 208 Atthe present
i@%&g ggﬁyﬂ|cufaaiﬂaerdpemnAﬁmm m:aksh éﬁH APke132 Qlehan fans

d eff
(Al P tanfipe| B G Foned PSR P TV 1 38 G L. of
Mrmpﬁlbﬁmmﬁmatanusghému fouhg toZﬁhi)k atll. prhelceasbh that glerayn fans work

bé%{lisaﬁaﬂ,’negtec{o:}ﬁ{ bré&.lcg %ﬁ%’?ﬁ h vel%J\? s&@r@s%&?roda&% HyQiafkans and
havsgt sentrifugal fang end large ptqwmatansO ﬁltemmwmboe@satﬁva@@w fan units
of Eﬁlmﬂﬁéay?e@{btbébdé\lﬁéﬂeh% il rfo?ﬁbddc@ Bigh mglww@w\fgcg th &He dﬁgﬁlon of
nma e a varili e r S e

st oo gt e iR, d6o T i st = ke ¥ narr
eﬁnt&mgal theysed cbs:cﬂsd-ndbb?ml points df bigh wélaciiydr the Hirdutiorkef airflow.

orsepo Q“: 0
handl Ion\NqF' th% Qf‘e& ncealé{e?‘ym %nrbgﬁ%q%ﬂ &ﬁs b?o hte @r arvay fan
sgetiogjn e enddm svstendaicanvielledbyian ey ‘éﬂﬁ'@’@“%isoo @Sy 12 and 13). In

oh@b%?en%ﬂ @n‘ﬁbtﬂﬁléﬁtrtﬁé ardyRnidiet'sd0 rﬁ@acreadmg?ﬂnmeu\w operate the fan

e A e oo TR ok el R oy e R Bl A o e

fqnf mmts 200 &t aereduolama‘dd:lerrw, the ysayemtrdladstmharna pif aertaln fan units 200 and

%}fﬂ}ﬁg Cc E meﬂ‘l
arr ay cont"'rao %g@%g%alp&f %Qgeﬁ%ln%g t 0] g&é'l:lﬂc-:nt ua @ fan units
208 ¢auid aibjys atipe sawe RAwey m R0 emeay'v W@%@? [pkoperation.

cont r ol | egnotrerédvaitagdorf theprésdpeinventiolyis thatithe@irty esnrolies BOO (which

"?P&;H\é%ﬁf'%ﬁ%é%ﬂruggéét"l' @ﬁ&gﬁﬁgeﬁf’@?s}bﬁa o B i rato e
pGesclare; caqldi beaized fos the Antuahtusiel horsepower ofthe fan amay fahcaection in the air-
hgﬁcﬁigg gyﬁ?é#(i:) pégééé%c?gluf&qhé:ﬂp wgll Eﬁéafcaﬁ %Ez ofiriizdcfovaf a idé range of
flow rates and pressures the actua! operating power consumed by the fan array is substantially
less than the actual operating power consumed by the comparable prior art air-handling
systems and the array coniroller's power could be reduced accordingly. The array controlier
300 could be sized to the actual power consumption of the fan array where as the controller
(which may have been a variable frequency drive) in a fraditional design would be sized fo the
maximum nameplate rating of the motor per Electrical Code requirements. An example of a

prior art fan design supplying 50,000 cubic feet per minute of air at 2.5 inches pressure, would
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WO 2004/ 085928 PCT/ US2004/ 008578 require a 50

hor sepower notor and 50 horsepower controller. The new
invention will preferably use an array of fourteen 2
hWPIeHEXE8 not ors and a 30 horsepower array CRETIGSSI0H/@I8578
300. This Invention solves many of the problens of the
prior art air-handling systens including, but not
limted to real estate, reduced production costs,

r{a d%%&g ggggéﬁet% E’ﬁ ?IF)‘F %‘?sy m\?eé'é:oﬁt&gﬁrs eI‘Ijle %\L eﬁ%ﬁ Yol preferably
usie e Akt of GovrteanZimrsepower metors andd§e hersepnbﬁaarraymontrouer 300.

Cont rol | afjd them.o’%ﬁsomaa biaRy6idhe .ﬁaﬁérﬁé Sthe/ prioRER aﬁ-f\aﬂdilﬁg systems

fan units 200 I1nt an, section in 10t
oG s Pt e8| e oD PIOBEG) Coste JAEgH operating Sxpenses,
impedsedéfficknck M protddSiflov anifondity] RMudaaty, ssyndiaétenuation advantages,

oA P ATl OPer ate the fan units 200 at peak
ertic

rency. I'n this peak efficiency enbodinment,
rather than running all of the fan units 200 at a
goRisiestkyef f i ci ency the array controller 300 is able
to turn off ce 18!

uni ts. 200 an n th o
remai ni n Sfrg gr Iyaqach Bféé%%gppl?ﬁéﬂgﬂbé}_e fan array fan section in
tir aif-mdivigysysteh és aontrelied &9 ab By centr@@O3009F SIS, 42 tnd 13) that may be

p%rbmdﬁrﬁéd tB%E %@'tﬂesfaa gglté iﬁg 'aw()#ﬂ %l‘ﬁk:%ncgl h fhE Igeak effi °'?/ﬂ%|

eF@Pd*@ﬁBtnﬁﬂ“@r th?'h FUNRBg QE Qf thedgn HpilsAPO st/ r?da%edtﬁ&ten% H\ﬁ@rray
coRtrofter380 iablo!td turA B cdriin fAn URE280 Bndjlﬁﬁ ) r@ﬂaihmg €N Unit©b00 at

e o Ermbfe PR iy Sabir g e Al KFormBpiiy 2Papaviualy

:mm"edeterﬁﬁ)@dtgmuplpg,ahd!or a5 groupcpsfa wiwlde.t o ai r voI uma
each fan #&é&amp?&%th@ﬁﬁbfﬁ%%ﬁfsh@’ &tﬂ&tshb@ﬁ‘ﬁn‘?ﬁeé ﬁ]% and 13, a

Ptﬁg‘gwt%%r%lg@ sRutrel the ?"[Riftrﬂﬁyég‘e;"leﬂﬁé"'edcﬂ'ﬂ Vyium?ea I?Mﬂ*@é?*rﬂﬂw a pattern
of &rfiow) lahcﬂor%ﬁ i Har iits 20D toRpPérateh erudﬁgam (tjd/ﬁtwﬁmme each fan unit
C [ e ray, .
D5 ey SEBbbigs P ot gtk o a3 MpiCHR i fien s what
messt tfugires have, ONY teanumber of fEP0.0jts 200cfequired ko meet therdet@Rg would
oE@ereu Al dontfdl Q})stén’i‘ ﬂha}i n%g cfnge tr}Uy@ c&ﬁl‘o'lértSMO)tvﬂ:uWemste@ﬁ take fan

uni fectively eli'm nat
“H'é"e%?%?'"% éi??‘ a"BP unit 2003 aodbeftiipe fgn "E! P fap it 200) if‘d"’@élélhf This
ability tanuir fa? (Mtsi200 an andofbcouReffactivsly dimindte tHemebo for b vintabizy

@ionrames SRR, SoJon LiEo0 i Foic i ubed 4 Mune b por anc
produces 4% of the Ieve[ of air fiow. Using a control system to take fan units 200 on line and off
line allows a user to control power usage and/or air fiow. The pattern of air flow can also be
controfled if that would be desirable. For example, depending on the system it is possible to
create a pattern of air flow only around the edges of a cabinet or air only at the top. Finally,
individual fan units 200 may be taken on line and offiine. This controllability may be
advantageous if one or more fan units 200 are not working properly, need fo be maintained (e.g.
needs general service), and/or need to be replaced. The problematic individuat fan units 200
may be taken off line while the remainder of the system remains fully functional. Once the
individual fan units 200 are ready for use, they may be brought back on line.
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line allows a user to control power usage and/or air
flow The pattern of air flow can also be controlled

if that would be desirable. For exanple, depending on
tWO28849B¥M it is possible to create a patt erRCTHIS2¢(/H08578
flow only around the edges of a cabinet or air only at
the top. Finally, individual fan units 200 nay be

taken on line and off line. This controllability may

ot wor o AR Eade @ B fap (i 200 A g ind 5y When buiing
on gtewtdure conbrolsly stems vequeg lowasoliimes ofairad relafively higb preaswress. In this case,
ﬂélﬁn Qﬁu%kﬂoﬁ @a&w Ee hBQuIé{tb@tbadroJu@é‘a %bu&%p&%hg oHRY ah&e;mwth

Line whil renmal nder System renal

Sf‘tﬂeleffe‘ftﬁﬁeit "-’|°B"ﬁ3'l"es plague sfrHglure; °WB?’§ |aBT‘J ﬁla"*eé’ﬂ“’iﬁ’rﬁtﬂf% TQE gurge effect
lﬁf\rﬁeré tredystém prassie id tbe ki Kgnm}itlhﬁadxp/@ugbﬁa dhmkrfommelﬁna the fan unit
8 PCT/ US2004/ 008578 A further
\ggsn%age cipqtéﬁgﬁé%ﬁan units 200 on and off |ine
o ccur s whamplgs loficangrollabiiity arer shown indFIGEN12 arid 1Sy dn therfan array fan

sE8HbH il e binandhh QSE{“enPéhoﬂh in mfa fze Eh’étdrﬁé? kanhtiaigH300 altembates “ON" fan
e

Blaisng sors '}fm 5 260 B st i e 8 Fi9R o ke entie

sp$tenisnszt fo dpbrate at SRYef efneadniunt fatdd Ardlowtbima sy @insgnss 32% of ful
rﬁ% H&:@éﬂr ?h&@”\?\lﬁ rﬁ%rét'aﬂe 6@&&‘{;@%{3&?@@%@@64 Ifagl%&&raﬁﬂ{s%ﬁ structure.
RGcl3shewssihe tamn amay éangqevtm ivhe aﬁbara:ﬂim systenT gah tqnnetate gi(§8% of the

lﬁh&ﬁ?lﬁu faﬁﬂ%ﬂlﬁw bh&lﬂﬁbmﬁlnﬁbssﬁw df fu!iEétéﬂ'ﬁﬁ\ﬁ%' f{gese numbers are based
cont r

th
of eyl Pleal i aeston i e i PAmg L e ity cortroter 300
crstateaa sepondle@m(lary patiean af ‘O fan nbitsc0D and IO fart bréts 200 asshown.
"ON' fan wunits 200 and "OFF" fan units 200 in a first
exenpl ary pattern as shown so that the entire 10
is set.to operate at 52% of the maxi numrated

air fl ow Tpefarpdttay fmmﬁm%%%tﬂﬁdlﬁgl béctiof 22036* ttw@éent invention
oy (RIS i ke P b iy 120 with e

hamdret!/sernam nignalesr being priorait@s alowntia RIE. it ragd thedwe nmsleed gedes number
beiR§ fh@tp‘?es@ﬁt ||%?e|4?cﬁ‘lf asishBwn [FEAG. rﬂz iR Jlﬁlia‘ﬁﬂhrg sﬂrst&h_ﬁ"‘b&ﬂﬁarﬂ&% prior

a4l 899 tMﬁﬁr\f&#‘#ﬂtl%{ﬁ|2?§Wsewmqab'ﬁereswtaiwn of this
sMrteumg of the aitweayt gatts 12002200 i Tieratare inBy reagony tmﬂélﬁg)hhlme smaller fan
%06 %@%ﬁg&gﬁe %@lﬁ%ﬁﬁlg aﬁ\’ﬁf ?aaba‘[?bagfb‘st 8\2\%):3?11;)!6, reduclng t(ﬁe size of
the fan unit 100, 200 and motor 108, 208 reduces the length of the discharge plenum 110, 210.
Similarly, reducing the size of the inlet cone 104, 204 reduces the length of the inlet plenumn
112, 212. The length of the discharge plenum 110, 210 can also be reduced because air from
the fan array fan section in the air-handling system of the present invention is substantially
uniform whereas the prior art air-handling system has points of higher air velocity and needs
time and space to mix so that the flow is uniform by the time it exits the air-handiing
compartment 102, 202. (This can also be described as the higher static efficiency in that the
present invention eliminates the need for settling means downstream from the discharge of a
prior art fan system because there is littie or no need to transition from high velocity to low
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Real Estate The fan array fan section in the

ai r-handling section 220 of the present invention
preferably uses (60%to 80% |ess real estate than
pVOGP04EBI9281i schar ge pl enuns 120 (with the 20PCQTFEIP0H08578
series nunber being prior art as shown in FIG 1 and

the two hundred series nunber being the present
invention as shown in FIG 2) in air-handling systens.

nari h i Or .. - : te .
R it 28 Shotorih el itz ofiéhy ekis B 380l e i plonum
21Rimore evlenly B effigently thandhexrionary aiphanslingsystegag that therdength of the
i@%|ém§gag'%gmgbwuc%@i Ing rrulht [ 1'?' ;e snmal ler f ant

nit can reduce t e 0] e alrwa .

100, ° 250 FoF ivekses gF soeuriens 1 et Sremniry, Snighrelas? il e
Backgrom;tﬂ@:f th2 0rentiod (aratmturd@&uiﬁlm,m@bieéet pex mim@bhimw ata
e oP SO0 HEndt ot Bace i oo LTS I lst oxe i pffure, an
sypmplay embpdimen|ck thepresentinvention coyld be serMed by pongipgl discharge plenum
z‘ib%gﬁmn&ﬂ? Eigﬁ fw Fmoliil;&hes%;fi& drai30 ?i FOnBfes ?cﬁg (Fsir) rrkp;af:ealk&;sms to 112
alr om e.rtTan afr n e 1,0N | 1 I-nan I N
&6t B0 ot wisr A eRhbMed o TEe GhirBlbelrhobihSy1Bivgii Mot A% fan
amay fanrsectioh 6y tbe air-harelipg systemeauch as ihe loae sdwngn B Spvaving 92 fan
VRS 20> THe spucd Bundd for %%égﬁ?'ﬁ%'?@udﬁ'ﬁ?orw@g}’ bé p FRtoBfler cube of
approgmately ddria 3@ inehesR@ sidelependingranaserrayponfigysion. T airway path
206 ‘ﬁl 6 @8 hehééﬁ(iﬁédnﬁ?dgd&s 8t taﬁsbiirg-r_es in ﬁe;?dﬂocarﬁéﬁmbuﬂimw.

In that the [ese | NVeNn on_ell,mnates

Lot 1 g TR aBbR FP S, 118 decink ety sldfr 68 fortn ¥ e
Backgsoungd of the dnvertipp (@ sirushiosnedwining 26,000 cybit feet pas minuteref airflow at a

N \ Lo
RESts SPo M ned kel SR W B, %*V"é?‘%%%fwﬁﬁé"?f#m an
sxpmplary eqiodipentobfhe;prpseptdnventionicoyld bp ﬁ@“’%‘i/@{% minal dischgrge plenum
210 of §4inghes high by Beinciesandsyand4ridl 3006 86 e lyng(aslcompared to 94 o
N [ [ r oo

180 <6 i e bR gl Gy Ftideh @R Hlohli] y3¥a e 8 s fan
amey a0 section it ihpair-haysling systemdagnhiras disonetshewrt inR@. 6) having 9 fan units
20T sl feyifes ot ot lerripbiy din Uit J00RNUIREEUr i o
BT 16 2O ihed ok e depersiin fhartay conigutagon. Tevaruay path
2208 tsef2 tg 48)inrhesi(hd conparcsidal 71 id65mphedim the privk ak embguliments).

structure, an

Reduced Production Costs

It is generally more cost effective to build the fan array fan section in the air-
handling system of the present invention as compared to the single fan unit 100 used in prior art
air-handling systems. Part of this cost savings may be due to the fact that individual fan units
200 of the fan array can be mass-produced. Part of this cost savings may be due fo the fact
that it is less expensive to manufacture smaller fan units 200. Whereas the prior art single fan

_units 100 were generally custom built for the particular purpose, the present invention could be

implemented on a single type of fan unit 200. In alternative embodiments, there might be
several fan units 200 having different sizes and/or powers {(both input and outpuf). The different
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exenpl ary enbodi nent of the present invention could be
served by a nom nal discharge plenum 210 of 89 inches
hi gh by 160 inches wide and 30 to 36 inches long (as
cWopareasse® 106 to 112 inches long in the prirgvusasck/oossss
enbodi nents). The di scharge plenum 210 woul d include a
3x4 fan 10 array fan section in the air-handling
system such as the one shown in FIG 5) havi ng 12 fan

A 0 RSB S B0 e e
hﬁve dnly G© typectitem unit 2@) sivée wiepthrsmalier dan unite 20 ara gustom made, the
?Q 'oF brgll ngﬂipleTtgtg uﬂ’lsrz?@?(or B %Emculgr?pgo istmds® al@vgyd 18Rt the

as COlTp |nc es. 1 n e prior art

BRIPHHSING @) singlearag prorEdan wit QefPﬁﬁ}ei sgp@ Proigrt HixBavpe because
Oﬁ?e ﬂ]lmcﬂmys GFipFddRting ?eﬁﬁerfc&hbdmehﬁ ahtior thd bodBatdbgxirmy the lafger
e nve 1 On a,Stru 3
corf e 5 3 A oo Mt P 5 o i oienc
tadhe eest gbpreducinglal swtaﬁewd@ndim cergpariment202ond exenpl ary
|Stn ru ﬁ: IU Lﬁn g%‘ﬁ)reﬁ?ggfgth%&énd&ﬂmﬁé ﬁ'ﬁéi'&lox? fthé fEE gﬂfs%@ Bfe modular such
t B YD 1ol BB lpy. SUGh TP 1B b BB ANGEy iplyting
sﬁmmhré for InferidCiing e the exterity of the fan mmtsazmdhémseﬁrés t Alterriafigely, such
ol s 139 b MoNierid 19 s SRS LIRS ot tehfiang the fan units
20%cln |stﬂranother aftemgtive embngimeng w@w@#%m%asbwmelemﬂ@ed by using
aYAQ $fstdnitinto viicttthe FR\UnRD2(d aybelplick@ 200. The space

requi red for each exenplary fan unit 200 woul d be a
rectangul ar cube of approximately 24 to 30 inches on

Radwied ©pefinBxpegsesn t he array configuration. The

-airway pagh fal‘lzg’l%?l Ea% s%ghotn(?n 48 alr %%;Ebﬁ\gq %M?E%@%n&ﬂv&gm

to 95 i nches lor art
pPrefesehivare dass expansive fo qura&th@} erior ?rf aiFhendling systemedbgeguge of greater

ﬂéﬂ:n! bfl dnfrdrand ﬁhét@ﬁuﬁ tﬁe%befaﬁﬁé te@ﬁrén{bnlé’b?tlﬁlstructure Also, by using
em Q .nventli on as C
SRR g 80 e D ok o5 g RIS 5 SOMRR less satc

rasistanpaatedlovng systens. Part of this cost savings nmay be
due to the fact that individual fan units 200 of the
fan array can be mass-produced. Part of this cost
IncrapeetfEMiCienFY be due to the fact 30 that it is |ess

expensi v EI' hé mrdmyl FamGiettion iBINB lair-Pandl ﬁglsyﬁdnt &F tEDflesent invention
PISRTAEE o ot inglPhior 337l PR syt Fogpoap Pl fpet it 200
CEIT UB emeak nﬁiglﬁnwo The eystem beuld tumindividuiat fad units 200oh apd off to prevent
|ﬁeff' grsréﬂ%]e E%hrﬁéﬂlaf' f2f Qflits 200. RishGUid'AL hot& RIRALHEF Bdriroller 300 could
be used to cor%rol the fan units 200. As set forth above, the array controller 300 turns off certain

fan units 200 and runs the remaining fan units 200 at peak efficiency.

Redundancy

Multiple fan units 200 add te the redundancy of the system. If a single fan unit
200 breaks down, there will stifl be cooling. The array controller 300 may take disabled fan units
200 into consideration such that there is no noticeabie depreciation in cooling or air flow rate.
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several fan units 200 having different sizes and/or
powers (both input and output). The different Page 13
WO 2004/ 085928 PCTI US2004/ 008578 fan units 200 coul d
bWOI8MW8I9E a singl e air-handling system or edRQT/US2004/008578
ai r-handling systemwuld have only one type of fan
unit 200. Even when the smaller fan units 200 are
custom nade, the cost of producing nultiple fan units

Tﬁ% Q?attﬁ'% m%y Bab %JE ﬁ%éﬂﬂ %aelﬁéndnée 94 {ﬂg %frgf&é@@%lf‘er Eﬁ‘t}srﬁa\{ turn off fan

COS CI ng a sin
units 20Q et arego be mamtair@dsxﬁm Wh@p @9!C9W9 demcyat ineastingsns airflow
raeOf the difficulties of producing the Iarger
conponents and/or the cost of obtaining the |arger
conponents necessary for the single large prior art

Sbmthdnt:atﬂ:ﬁ@.dvﬁ’lté@scost savings al so extends to the

cost of mig %?‘1 'RGudho SR 6108 bhail a0 Bhil=00 ROLRA Ffo’é‘&&ﬁ%te than

202. I n one e |nven I oNn

thedow fraquencyapundpiahaaia fany unii, Becauge the farhwualihps lessowdrequency
smmd@e@v GhBitetYess caity BoladiabSare Weeded toBiteriaBteitiENigHERféREincy

Bl Al o L S Pl ot e
bmeemlatlamefayl unif 40 Theptlurlityrof taniunits 200,wilh eachqpbmteeinamanner
sioh thﬁ'a@&sﬁ@@é\fe@?ﬁmﬁa&ﬁ‘ﬁﬁlﬁﬁf infefct fo'dafdel Ssub ' ngcérdtgﬁ flfeat!ibncles thus

unjts In stil ] anot ter native
cr@a@wwravpeﬁhnwﬂmpaerawﬁt@mm ed by using a grl d
system into which the fan units 200 may be pl aced. 15
ﬂ#ﬁ %o)ﬁratl ng Expenses The fan array fan section
e P handl i ng system of the present invention
pr ef er ablThe mudipledarsunits edhefithespresenbipesndionr havecmajierinheels with

lodlef makd anh%?éﬂté 1Bk fonée Hﬁ‘é"ﬁ r&‘i’cﬁﬁ%ﬁaﬁﬁc&ﬁ@?&aﬁéﬂ% less vibration than the

fl exibil th caontro tunin
BR5A ] P URTPY WFEMALOT BRI it 200 W g essispergy to @
sinscturg sincenadiividual fang it tersiie ﬁhcé!&chlﬂhgr&fu%@@sltghﬁdlﬂdr@ﬁés ih@hase.

r n |

a0 An it 2 BN o e 200 e o5 P g fr g i
hangfing reguifepent andithus produce lepsiurbylgnes/in therpitstreamang sekstntially less
vibRiention preferably is nore efficient than prior art

al r-handi B8 & ¥S LT harIBYS Shoad 2 s Toh array Tan semtion - g air-
handling system having twenty-four fan uniis 200, FIG. 4 shows a 5x5 fan array fan section in
the air-handling system having twenty-five fan units 200, FIG. 5 shows a 3x4 fan array fan
section in the air-handling system having twelve fan units 200, FIG. 6 shows a 3x3 fan array fan
secfion in the aii'-hand!ing system having nine fan units 200, and FIG. 7 shows a 3x1 fan array
fan section in the air-handling system having three fan units 200. It should be noted that the
array may be of any size or dimension of more than two fan units 200. It should be noted that
although the fan units 200 may be arranged in a single plane (as shown in FIG. 2}, an
alternative array configuration could contain a plurafity of fan units 200 that are arranged in a
staggered configuration (as shown in FIG. 14} in multiple planes. 1t should be noted that cooling
coils (not shown) could be added to the system either upstream or downstream of the fan units
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10

15

( 25 can run at peak efficiency. The systemcould turn

i ndi vidual fan units 200 on and off to prevent
inefficient use of particular fan units 200. It should
bWOM885%2hat an array controller 300 coul d HEI/USB/008578
to control the fan units 200. As set forth above, the
array controller 300 turns off certain fan units 200
and runs the remaining fan units 200 at peak

25 S e 5 PRS0 e
12B(22B coulk be dowmsireanhere wil | still be cooling. The

2V o} A0l 88 et et it
SRS LT T A BT o BBSAIPOTT Sr SGSP g S ysed
hﬁ%ﬁhﬂﬁ&ﬁféﬂlcﬂ@’& ldS‘aﬁ@ Qifec0Q8Erendithiasto teadinectioniohgir fidws d-or

92%5!”3 %fa% &E’:ﬁf doHin gﬁ% et ?&%@@gtaﬁ et l%\‘agiﬁﬁ%ﬁ‘%rh‘?é’nt 202, the

fareArvay aw@a agpnger herizpntaly. nidisrmbodinent woulbbs Rarficylerypragtigal in an
aw.ehdnn@caﬁpaﬁmeﬁdm refued &r sréft Sound Attenuation

i e 200t sneuE 58 nfipa sf e R el 47 of ARy pefn of 1 Birwey peth
28 inonhiohdhe fao units 200 ardy@sitianagle Fbaexample; thBfarauwnite 2Q0heayf kesituated in
idch P{eﬁﬁﬁ 211(9@5 Qﬁrﬁﬁz §hE Wiet pi ﬁgﬁrr &Ytiallﬁmﬁﬂ ﬁﬁ inlet plenum

" ? AL SR B eStRPIBMBTAND0 4 FED b el et gir-handing
c&rﬂﬁdrhné‘n&mzmmllfea?%hdrhﬂairﬂhﬁ I ow frequency sound -

produced ;10 th an unjt The .

D a1 TSR A oS, Y e b S idied e froing
speoification asaiudediah mrmgcbiﬁscnwommt éffligitatimncand ame notydterided to
ekl RGivalbits 6ARE fRbtuRR léﬂdm%ndcdzé%&rﬁbﬁ‘ mf BoPinS BEthém. Thd'Stope of the

creatin qui eter operating unit an prior art
IoRion e nes R JENURA DY 5 RIS RGN | bl e f an uni t 5
200 of the present invention have smaller wheels with
| oner mass and create | ess force due to residual

unbal ance thus causing less vibration than the |[|arge
fan unit. The overall vibration of nultiple fan units
200 will transmit less energy to a
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structure since individual fans will tend to cance
each other "due to slight: differences in phase.. Each..
fan unit 200 of the multiple fan units 200 nanage a
smal | er percentage of the total air 20 handling

requi rement and thus produce |ess turbulence in the.
air stream and substantially less vibration. It

shoul d be noted that FIG 3 shows a 4x6 fan array fan
sect i onWHRAT B2 CRAIMERES| i ng system havi ng twenty-four
fan units 200, FIG 4 shows a 5x5 fan array fan '
section in the air-handling system having twenty-five
fan units 20Q, FIG 5 shows a 3x4 fan array fan 25

section ingthe aig-handli.ng system having twelve fan
units 906& fﬁ%géra%ﬁ%#}gnén #M%W%Wmﬂmgion
in the air handling system having nine fan units 200,
and FIG 7 shows a 3x1 fan array fan section in the
air-handling system having three fan units 200. It
shoul d nottdenst sixifan twgts; array may be of any size or
di mensi on of nore than two fan units 200. It should be

noted t(hht said dtdemhsikifan fudits dwdb @%@faﬁwagemﬁranged
in a single plane (as shown in FIG 2), an 30

al't er nat) ve aalabdy bR YbAdnBBIER Yt £ JUPLR B ynits to run at

plurality of fan"units 200 t are arrange

staggered c ' [ . sho in FEl 14), in i
nul tiple pl gﬁgeéé&%& 4 %@‘uﬁg@%ﬁ@"%w&%ﬁt‘?ﬁ X Bwhing gelected ones of said
coils (not s 0\Nﬂ)_C§§| d_be added to the system either
upstream or 2 S iaa pngs on prd efiwherpinseach fayouitibhas@ peak

2004/ 085928 PCTI US2004/ 008578 200. It should be noted

that, al t hosigiicslpnperating rangepitsiderct inhiélen opbiates a®fbduced

the filter bank 122, 222 could be downstream It °

shoul d be neffieiéntaind avheddih 84ifl Atray BoRPRIRG | t%léérfﬁﬁédjto operate

use a horizontally arranged fan array. In

wor ds, the i [ 2- uld be .
used 5 horsﬁgﬁgﬁggﬁgﬁ( iﬁaﬁver{.‘égﬁ%“%wﬁ%ﬁﬁfwggy Sategically
per pendi cul -to the direction of air flow, For

exanpl e, i f@@%?’%fia&ﬁﬂst&w#bw%@%@w@m@d efficiency and
functioning as the air-handling conpartnent 202, the

fan array mESnIRRtheremaliaeg faonints mhetdity saidipesk efficiency operating
enbodi nent woul d be particularly practical in an air
handling coamgertnent for a return air shaft.

2. The fan array fan section in an air handling system of Claim 1, wherein said at

least six fan units are plenum fans.

3. The fan array fan section in an air handling system of Claim 1, wherein said air

© handling compartment has an airway path, said airway path being less than 72 inches.
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It should be noted that the fan section 214 may be any

- portion of the airway path- 10 220 in which the fan
‘units 200 are positioned. For exanple, the fan units
200 may be situated in the discharge plenum 210 (as
showd) The fem arfalyehin sEcBowin 2lds hodliRAE Istath bYCWAh NI BhbReh said at
inlet plenum 212 and partially within the di scﬁarge

18dse st M2 kQts abd o RCHHHO PR Qn%@aﬁ‘ﬁ{g%g it D ? confi guration selected

air-handling conpartnment 202 nma e a sectron o

G ] expressions that have been -
enppigyé(gﬁ]l%%%lﬁ%nﬁgt?egoi ng 15 specification are used as

ter of description. and. not of limtation, and are
not n??)tenﬁzﬂletaﬁ‘%y gHR98g Ui val ents of the features
shown and described or portions of them The scope of
t he (Mnvenspangd patterafirap gonfigyrationi t ed only by the
clains that follow. Page 16 WHAT IS CLAIMED IS e 1. A
- fan &)r ay athecksbohidamraycoafigaitioiandl i ng system
conprising: (a) at least six fan units; (b) said at

| eastd)si Xrdvdslighily Sfiget baBPeshighrfiohan array, and (c)
an array controller for controlling said at |east six

fan its . S t eak efficiency by
strat égi c(é 1??‘5?5’%#‘%8%& atél% ésa%o%'}e% Tr agcgi d at |east
six{ n units on, and of%, wherein each fan unit has a
peak ef 1% HPEERESH BV SONfiEY2HAhge out side of which it
operates at a reduced efficiency, and wherein said

array controller is programmed to operate said at

| east six fan units at substantially peak efficiency

by $t Thedgi aredyl fan s¢ationiimgn aif hamdligegsemaf€liian,Wwiidrein said at
operating at reduced efficiency and running the

Tedst B fah Gits iABludO bil 18astRes PérlicaB) Arangak falfniG] ency
operating range. 2. The fan array fan section in an
air handling systemof Caiml, wherein said at

6. The fan array fan section in an air handling system of Claim 1, wherein each of

said at least six fan units are mounted in a grid system.

© - 7. The fan array fan section in an air handling system of Claim 1, wherein each of
said at least six fan units has a fan wheel diameter, wherein spacing between said at least

six fan units is less than 60 percent of said fan wheel diameter.
8. The fan array fan section in an air handling system.of Claim 1, said array

controller is programmed to operate said af least six fan units at peak éfﬁciency fora

performance level based on a criteria selected from the following group of criteria:
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| east six fan units are plenumfans. 3. The fan array
fan section in an air handling systemof Caim]l,
wherein said air handling.conmpartnent has an airway
path, said airway path being |ess than 72 inches. 17
4. The fan array fan section in an air handling system
of daiml, wherein said at |east six fan units are a
plurality of fan its arranged in a fan array -

conf i gura(%on 23% 3?188 fromthe group consisting of.
(a) - a tru%?arri%/ copfiguration; (b) a spaced pattern
array con )gur viebot: air {le8; a checker board array
configuration; (d) rows slightly offset array

confi gur af§)on; pgiégm obhinfinw; sid ght |y of fset array
configuration; and (f) a staggered array

confi gur a(d)on. nbmbdihuf flrtumitirto apetaen section in an air
handling systemof Caim1l, wherein said at |east siXx
fan units include at least two vertically arranged fan
units. 6 The fan array fan sectron |n an air handling

Systeg r.ei | eas [.X
fan un s are tewg)%lgaﬂméﬁ dif rﬁﬁsslys ofaél eil’fsaal array
fan secti nrn an ai.r handli system

coptrolfe{s Frogrammid & opaip aaidet fo [eaatein Baniio mhsecs agaols,
fan_wheel dianeter, wherein spacing between said at
opesating pointand ghiminate e swrge éffectshan 60 percent of said
fan wheel diameter. 8. The fan array fan section in an
air handling systemof Claim1, said array controller
is programmed to operate said at least six fan units

at  peakhetid 18Ty sdcfibn & aPSF B&Hdli%@%?stérﬁ\b?bléiﬂxsﬁ Qai@Ardy
criteria selected fromthe foll ow ng group of

conbibli&'ik ﬁrogr%ﬁm(ﬂ%o é%'lerct1¥(9£r U0%trol the speed of each of said at least six fan

~ units to run at substantially peak efficiency.

- 11. The fan array fan section in an air handling system of Claim 1, said air

_handling compartment positionable within a structure such that said air handling system

conditions the air of said structure.
- 12. A fan array fan section in an air haﬁdling system comprising:
(&) A plurality of independently controllable fan units, each fan unit

comprising an inlet cone, a fan, and a motor;

(b)  said plurality of fan units arranged in a fan array;
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(b) level of air flow, (c) pattern of air flow and

(d) nunber of fan units to operate. 9. The fan array

fan section in an air handling systemof Claiml, said
‘array controller is programmed to operate said at

| eastiosi X [

P01 ntTand B RS R RIE B SR i) RRGIRY oRBaid fan unies
array fan. eo%tléo%n in an air handling systemof C al m

1, said arr% g(riftroller is progranmed to selectively
contr t he s eed of each of said at |east six fan

uni t@t 0 caniisdientor cartrg)lingsaid plupality ehfap unity to rpp et
fan array fan section in an air handling system of

Caim 1, seistntiplly pekrefficieneydurprategivelly tpnisigtseloctitsl anes of said
within a structure such that said air handling system
condi t i onglurdlity af fanamits ahdnd dffywhereid. 12. A fan array

fan section in an air handling system conprising: (a)

A pl @al | bachQIf shﬁ‘iﬁﬁﬁl"@%ﬁf&ymﬁ@rﬂaﬁ QehrPh&! ERmeR &rﬁerem

each an uni t conmprising an inlet cone a fan, and a

not or ; ;paﬁ%gq)(eﬂ)gré%%ﬁcfdur%ﬂ# it unl WitsSs 7S

fan arr ay corrpar nent%eﬁ CIE}‘Sald fan

whi ch sai d f array of said fan unlts i s positioned;

(d) an arWB 5 tler for controlling said plurality

of fan unlts to run at substantially peak efficiency

by strategically turning selective ones of said

plurality of fan units on and off; wherein (e) each of

-sai d3plThe &n dryaydhn Seion i arsaih Asnddink aystevh @€ IC1dindi P indkrein said
wherein spacing between said plurality of fan units
plualityesah DAk &M%priks pRhemf@R. wheel dianeter.

14. The fan array fan section in an air handling system of Claim 12, wherein said

air handling compartment has an airway path, said airway path being less than 72 inches.

- 15. The fan array fan section in an air handling system of Claim 12, wherein said
plurality of fan units are a plurality of fan units arranged in a fan array configuration

selected from the group consisting of:

(a)  atrue array configuration;
~ (b)  aspaced pattern array configuration;
- (e) a checkerboard array conﬁgurat_idn; o

~(d)  rows slightly offset array configuration;
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13. The fan array fan section in an air handling

- systemof Claim 12, wherein said plurality of fan
units conprises plenumfans. 14. The fan array fan
section in an air handling systemof Caim12, wherein

sai d ir [ al Lrwa at h,

sai d (g.? r mcgﬁ‘g'gisﬁﬂg%ﬁ%@ﬁé@%%‘n%@’?ﬁ??‘f?ﬁgs. d 25. The
fan ray fan section in.an air handling system of

d ai ?@12?/ a\ﬁ%’&ggﬁe Ay PPy of fangun?/ts are a
plurality of fan units arranged in a fan array
configuration selected fromthe group consisting of:
(a) a true array configuration; (b) a spaced pattern
ar 1-alo.cbiref fag evray faprsectiqnch an agtheodlingoysteoh efiClaiyn 12, wherein said
configuration; (d) rows slightly offset array

phaality @f famiuindts inchilds @eleast Okl Fasicslly ghinpyd fnfus@b. array
configuration; and (f) a staggered array
configuration. 16. The fan array fan section in an air
handl i ng system of Claim 12, wherein said plurality

of f i i .at. least t vertically. ardanged
an Thi e g bl S8icsp 58 nade SH L MRESD cach
andling. s emof , daiml12, wherein each of said

ob ) miofy St Bt PG T A IR: o o1 0 Syt b

18. The fan array fan section in an air handling
system of Claim 12, wherein each fan unit has a peak
ef ficiency operating range outside of which it
-operi8t Ghe #in @rdyeflbeation éd fn gir Aneiling\shgemiof Chaind] 23 fwhayein each
controller is programred to operate said plurality of
it Hdh peakadsrisieRs) (ﬁf&d’fﬁﬂfglr}(ﬂw&i@é ot whiB i opBites at a reduced
strategically turding off at |east one fan Bnlt

R B S IR s oo
RS P RS R S af SR A B o

operating at reduced efficiency and running the remaining fan units within said peak

efficiency operating range.

* .~ 19. The fan array fan section in an air handling system of Claim 12, said array
controller is programmed to operate said plurality of fan units at peak efficiency for a

- performance level based on a criterion selected from the following group of criteria:
(a) Air volume;

(b) level of air flow;

(©) pattern of air flow; and
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controller is progranmed to operate said plurality of
fan units at peak efficiency for a performance |evel
based on a criterion selected fromthe follow ng group
of criteria: (a) Ar volume; (b) level of air flow
(c) patte of ~aif. f d) nunber of fan
units to g(ger a?@%%&f?%%ﬁ%aﬁogérﬁ{gy fan section in an
air handling systemof Claim12, said array

controller is progranmmed to operate said plurality of
fan units to produce a stable_ operating point and . _
el'i rthakhs famarray fap section de #a air handlmgsystem o Claip §2, 5aid array
section in an air handling systemof Caim1l2, said
centradier isquograminicd to operge ogfd piumalitytod fawaindts to pridyceastablol
the speed of each of said plurality of fan wunits to

operBtigt painttat @liiiltd the B@igk effebtsCi ency. 22. The fan
array fan section in an air handling systemof Caim

12, said air handling conpartment positionable within
a structure such that. said air handling system

condj;tiens the air of. said structure, 23. f.a rr.

£ an Lo P Ffodut sitlion hin FhpHE e &8 s ML Sy

a plurality of individual fan units; (b) said. i
C%tliehaq is poggamipgg, t%ﬁ?ich‘féw capgldhe spegd Pg‘ﬁ"c}a o ajd plurglity of fan

array controller for controlling selected fan units in
ungtsitel nay 3t gybstantiblin peakriffisienelch t hat said plurality of

fan units runs at substantially peak efficiency; and

(d) a unitary air-handling conpartnment w thin which

said fan array of fan units is |ocated and through

whi 08 TR (Al diral, VS fiOM P aiPfarddfifg R0y BF ERidaN 2, $234 dir
fan array of fan units passes.
handling compartment positionable within a structure such that said air handling system

conditions the air of said structure.

~..~.23. A fan array fan section in an air-handling system comprising:

(a)  aplurality of individual fan units;

(b)  said plurality of fan units arranged in a fan array;

© an afray controller for controlling selected fan units i.n said array of fan
units such _that said plufality of fan units runs at substantially peak

- efficiency; and -.

(d)  aunitary air-handling compartment within which said fan array of fan

units is located and through which the air flow from all of the fan units in

said fan array of fan units passes.
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22 24. A method of providing air to a space
~conprising: (a) providing a plurality of independently
controllable fan units arranged in a fan array such
that, air flowfromall of said fan units flows into

- Subspani r§+t%u%/dy6”f] dJ{O\?Biﬂ%%&ﬂo %Q?Q@e; coﬁﬂ)gits& ) controlling

sai d plur an~units to run-a ubstantially

peak ef ficien b t.,r at.egj cal turni sel ect.ed )
bros @t sor&iiipe i B Fep@ e o R B Gyt rrageet in o
air into a space conprising: (a) _providing a plurality

of i ndepertieitavsuelythat &F flap feom all ofipaid fanamity intg a

fan array such that air flow fromall of said fan

uni ts fl owebstantially sllipSsaichspasé;lapdal | of sai d space; and

(b) controlling selected fan units in said array of

fan @) t s contallingwaid platdlity of fanhahité 1o rah af SbstaRiiilBy fedR $fficiency
at substantially peak efficiency. 23

by strategically turning selected ones of said fan units off.

25. A method of providing air into a space comprising:

(a)  providing a plurality of independently controllable fan units arranged in a
fan array such that air flow from all of said fan units flows into
substantially all of said space; and

(b)  controlling selected fan units in said array of fan units such that said

plurality of fan units runs at substantially peak efficiency.
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