WO 2004/ 085928 PCT/ US2004/ 008578 FAN ARRAY FAN
SECTI ON | N Al R- HANDLI NG SYSTEMS Appl i cant HUNTAI R | NC.
W@ aiios®2¢ he present application as an inter naP€DO&8t004/008578
application. The present application is an application
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
appl i cat i AN ARRPaSRAN SECTIGN N AIRYSANDILING SYSTEM® t hi s
application, the disclosure of which is hereby
expressly incorporated herein by reference. Page 1 WO
2004/ 0qpRENPEUNTBIR INC.GOBH IS the BEiGRaRME:OR asvEnIngiipnal
appllc-lé-aggp p:gﬁéc' ﬁl%tsFr'\t%égmahgﬁ ls' ah a?)'pﬁﬁagblz Plaﬁﬂn@tﬁeadén@ftrlﬁﬁerf F#Husc
Sectigin A1$(@neflU. SngystoealeDa(tmtéophc@ﬂ@? ﬁércbal errsb@r 80/426.413, filed March 20,
2003h%ﬂ9 8%5%@%?&0&%@% t% |80 3h g BERs pr?) W;l‘ﬁgn s SiehtiohOfe
r oons erelinafter erred to as
disclossire chwfmhe@ ‘hprebpexpressihiaperppraied *sey@ﬂ OMrefereded-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 conmponents such as
cooling coils, heating coils, filters, humdifiers,
fans, sound attenuators, controls, and other 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 wheel (not
shown) having at | east one blade. The fan wheel has a
fan wheel diameter that is neasured fromone side of
the outer periphery of the fan wheel to the opposite
side of the outer periphery of the fan wheel. The
di nensi ons of the handling conpartnent 102 such as
hei ght
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20 width, and airway | ength are determ ned by
consulting fan manufacturers data for the type of fan
w@eleos®wads FI G 1 shows an exenpl ary prior artPCT/US2004/008578

ai r-handling system having a single fan unit 100

housed in an air-handling conpartnment 102.. For

exenpl ary purposes, the fan unit 100 is shown having

an inlet cone 104, a fan 106, and a notor 108. Larger
BACI@FR@UNDI‘@EIN\EN’U@NJI‘GS 25 requiring greater air

;/ g lmlj renre ;{Pﬁ Ip hﬂﬁ\‘}eﬁlgﬁ ISr(ﬁ‘I%Ptle& kG 1y %Fégrf?ﬁ’ Ee&hg filized in an air-

ave gener al neede ar ger an unit
handii@®ysteoi. a general |y correspondingly | ar ger

air-h
a: : hgna‘ Haﬂ&u@%@h’f{@@& refér@gdl tg%ua@%n:dlaérﬁa@e trédltlémally been

used tocanditign @um@@m%ﬂmwﬂ@r wfRIresio AR I“%EUCBF%%L rﬁﬂﬁ?ha"d"“g
systeﬂ]g dEﬁHE? 1J2§eadst|ql @ﬂ{agﬁclﬂhwpbﬁ@n@ Ridsighed to3fbrk ﬂig@iher in order to

can e referred to _as the alrwa
condiipruai amparhpkihg pumagsyslemsiot veRfiladion of LT éﬁ‘sr"é’é“ang""g system

may SnBiiY Bdmgdhets s%‘aﬁ%boolﬁwp%oxlsﬂh@étln@ceiwmtér%,?hunﬂmﬁers fans, sound
partially within the in

t . pl
o e et b Lt R 1 b R e o
alr-ha?idﬁﬂgaéysté% Ma} B8 mahurdetuedd intafactbarandbiréugh® ths structure to be

e e S b Batob ST BB o Uil o

the sﬂi&fﬂr&ﬁﬁ@é%@ﬁdﬂ?@ comé&memcmzmmmmtmur)g system includespthe inlet

plem.{nhh id ol egq S |n of 801% h@@%n@éh@é ;ils{:l%‘?g% glgmﬂrg Q10! ?\ﬁlhﬁ‘\' thE air-
handmigaom)paatmehem is siuatechthieyardenietQd (sleovirhas amm@t ot 104; gé&an 106,

and ?rﬁgﬁ“@i%@aﬁg] ﬂ%?n% E& L &géepﬁﬁgﬁ%ﬁé %gsd?:méec?n\ﬁ/gfﬁ’i%lfhﬁlﬂoﬁ 8f thé fan (e.g.

dampeps coateots, csettlmg\mnSeam afsociated pabme,tm)t Withipgthe fane16 is a fan wheel
(not &?&@/ﬁgh@nﬁatﬁéés% Bn@%lgg@l fﬁé’faﬁ WhEEItHAE @ B8 %b%l'd&né@r » 080s

alrflow at six

meamdgfm@ apge snge @ggngroytmgn@e@éqaféh%fqnwhe@h@,tp%ogpcﬁft@ glpe of the outer

enpﬁélzl o@’thre fgﬁlﬂﬂéél n ghe Qm@foh%fme %Qﬁ’dlﬂng rc@ﬁhpﬁﬁ\ﬂéﬂrﬂ 0k@uch as height,
I nch inpeller, a 100 horse

ity G GEIgngth AFRARTRINeHY GPAgdinaiah FERRIACRFAIR Al for e type of fan

seled@@partment 102, in turn would be approximtely 92
i nches hlgh by 114 tol47 inches

| nches THGrb ShaHRAN eXHHA T S AT FUSTERy Poving, il fan it
100 KAREBRINtdFEdMthakHIBnEshRerngint WoR, Fatelerh@rvmupatebgethe fan unit 100 is
snonPEPY 38 R T0b SEM B B HAGE G b et HiRures
requiging| gmeter Sir Z/blnmeguri simtmémqmumﬂmghar)or tawlee enfipmratures have generally
need%g Iarggrr 1‘larr11 %n‘?m@ and a 8Qﬁérél@%oﬁggﬂ%%ﬁﬁ'ngﬁl%rgépﬁr-handhng compartment
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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These rul es are based on optim zation, regul ations,

and experinentation. For exanple, a second exenplary
w@reosiseee i ncl udes a recircul ation air handl ePCT/1152004/008578

used in sem conductor and pharmaceutical clean roons

requiring 26,000 cubic feet per mnute at tw (2)

i nches wat er gage pressure. This structure would

generally require a prior art air- handling system

referéhdehumepal M1 MANTHd s sfaepialet oanet 1040thel sidegs tharfab g b6 tthe size the

ool 8 ek 5o B on e A0SRl AR B8rain o

the aftwap path MR0! Filt82banks 122 andomenoling tmlsamrsbﬁwn)ah&y e a@ied to the

systerp R g S L R S R 88, i ng

conpar thoeekarhpl2, afidt arenmlaryvatyuqbla‘e equiing/&0.009 dubic feet per minute of
alrﬂog) aﬁ ts@ ;@qnmﬁg&z)ﬁ?@ quagg %r&g%f\ﬁq%d@e‘?{e?alﬁ ?%ﬁnfe%r pri%r Qh Yfthandling
compatpient 102 largeranoggh thdwouse 6\55@%@@)!3@“3] 3 mq)(b@fﬁ@nowef motor, and
supp&% lfrngHNB g"ﬂnﬁr Qr@gﬁi Ihhr'ﬂﬂm? %ﬂﬁéﬁrﬁ&ﬂﬁ 0308 turn -ngﬁﬁoe

S are timzat |'at'| ons,
appr@stlpeﬁely@nn%hasmh bNh‘eMéO‘W l@?hear\wd%l?ﬁd HREg1 113 dnches fopgs The
miniri@H FerlgBH & tﬁé Qip-hSﬁEﬁmb REpA&hént 1102 ah@ot AWdYat? 920 would be dictated

exenpl ary probl Because real estate a§| g
by p@lﬁfa&dtmawf@%lae@)datsf%mvsﬁé@rytves;mgr%‘3 fl@Pplicafiqfle Prior art

cabirfet &i2inglguldBs sRdw ek@ﬁﬂéﬁy'?@e@fbﬁ'@@{fb[lﬁrﬁﬁ arl §izhhrdiiay comp@Rtient 102.
undesi rabl e I? s 100 are expensive

Thesegulg? Bfﬁf@éedclﬁﬂ OH?'B’Zﬁté‘We Feé’Iu ajons, @5 EYREHPERRBT f or each

j ob. 30=o$leag+n§|ef @Bedmdteierihﬂﬁrywtrectemﬁdeﬂe&a terirapatioatatr.handler
n._uni nefficient int

Si ngl he I .
usechi Se iy Sp1 PpamecSiut g ropihogiiind B R b minue
at twof(2)tnht&ies \n@tm igabe paess@reg &his striictaresvoulyd gerfegaily wequire EQfior art air-

han eak B@y@g%%ﬂhgﬁgﬁ%qé%gg%gb&& @ hoﬂ%é 9\, 44 inch impeller,

a25 hosqn@myn@mu aod smpptortmglfran@woﬂaﬁr hergirior ad @irihgndiimg ompartment 102,

. . j o | |

R B R P P g 808
The mingmum dengbnef theeiehardiog sbmaarmertt 82 apd/onairayrpatin hef) wm]d be
dicta Wtﬁ‘\éﬁlrﬁa tdcfurers db¥of é‘g véWL Stypi’eo %ﬂrrs%%q apphcatlon Prior

acent to eac 't should
art cahj@@(slz:rqg ,show exemplary rules for conﬂgunng an alr-handhng compartment 102.

These rules are based on optimization, regulations, and experimentation.
These prior art air-handling systems have many problems including the following
exemplary problems:
. Because real estate (e.g. structure space) is exiremely 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 optimal 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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that a good engineering practice is to design air

handl er cabi nets and di scharge plenuns 110 to be
waimmsegal to facilitate nore uni form airfl OMCHUSMEE008578

the width and height of the cabinet. Twin fan units

100 have been utilized where there is a height

restriction and the unit is designed wth a high

aspect ratio to accommpdate the desired flow rate. As

shown a1 t heTHerlew m’eqtaéhcgt Solrdsftizd laegel fam udp ¢0Gisihagl taratienuate.

cont onph at od e Hatiass R BTERL? BLOF Ies b8 PaBise

arrange the dnaesmmhbmhm there was at | east one fan

o) SRR AR 0,

two fan dnitsht00vartanged horizentaly ggjaceTihty eacbotitesc K shedld be noted, however,

et 450 ARFLF Y Bl 8 S A BRRRE ko il s 11
be syrwpetnical tq&clﬁtatﬁdmpr@umfygn aifioynacrass the aidth ,an@ height of the cablnet
TWIanQﬁrgﬁ{St'fm%]yé’ g%er??tﬁizgt?ﬁlh&@Qﬁeré ¥ a Reigiti rb Ko @@ Hhd thit is designed

i ent per mnute velocity in the
with a.hrg@caspmt rgffo tajacearpmodate herdgsirechow rate. A9shown in the Greenheck

Instgilaﬁloﬁ‘ @Bglla'tlﬁ‘@ anPMaInBRRincd MURYAY if sﬂbldylswféih&bﬁ’d%h @lak Xontemplated,
ffered fromthe problens of

t he
therese/BPAEFR BSTUCYRRS @ RS0 B‘erf%'asoijﬁl‘ e fheip Wa %Iﬁ?%{g’eg fan wheel

d.am'@iér 'sﬁé‘d'rﬁﬁ%t\ﬁébrf ﬂhs fél‘LWﬁ@-ﬂs ad étaéhsggmé ﬁalﬂé)ﬂmfwnw maaettaobetween
secti on

the (AR AL PP RGP e SaRRrBRE refPPene vep sep sgly setes fhat

arrafigehieptd “aith 138 sb@dth\mutexﬂ&&nt:@ ﬁérfarmeacteebssésévl?&anwlly fthewair-
t enu tors

nandliSisiem an o BandiRa cSapaeROLP S dRe A Al yetocty gradient
of 50adheetien minutd vetdityiirpthe diraction@beirfiang Enestiverfan urifot00 air-handling

syst%ﬁa {glg\’éerf %ﬁ HESS%:%% ly 96?6 te'c}néf tf?efégﬁnlgwggfﬁ% SH%?esurﬁt embodiments.
Theremasaiolre;tognmon of mantapesbpmnmaﬁemthebwnkmlr etfaneinitz 100 from one to

two. df-%\Hh ?ne t@o 5]1’&9?10%"%% %rpéxh'itﬂ a ﬁ%ﬁ@r@ﬁ?eléﬁlz g%d?é?’ut In'the region

t he net em wou erealiz
following thenfian uhﬂeﬂ@ﬂ that ereates ugeneniaifiow aenoss @m@eﬂﬁ apgpound attenuators.

exanpl g¢ sﬁ&ﬁd ﬁ@n&&d fesLe |ba°1 deﬁéém%,@ tél&nfa%%ﬂ.tég@éﬁnumpxe fan

el ectroni c mponent CoOO ¥ directing the out
cooling gysteras hF%ﬁXalﬂéleaUs'Zb Fatent &100%6 4@4%ko Bong useﬂ?éﬂ%?!@fan modular

coollﬁy %BrﬁB%ﬁ’é!ﬁWfo?' indelatp ik muRipfd c!d?r?ﬁonéht[lféy@fécir@m@ldbv@é&/ '/Qt‘hSugh some
direction of _general airflo O he pat e

of the aévﬁnéageg reglizeshindhe BRRst stt%woy@zb% @a*&eﬁ% th&rﬂﬁe%?nssvstem there
are digHifaht diferefoed 88 oBSkainiple, the BéAMD bﬁéﬂd lsﬁdes@ned &cﬁ&@ﬁltafe%lectromc

comBeg coaling SRR e R EPMIeGEh faRdRasBro b Rf B qr qgpa. The Bone
systétnﬁ Z@ulggomgmlrtb direct Iasﬂdvmgilto:eages inghe disectioh opgeneral aifiiow. Other
patol S oIS PhRBH Wb R B Shub A GS) PRER . Fp o o

Ghobashy exalnfebeh faSlamays far os@witiasleetramids. page in which they
show t aX| f an L I . .
speci fi il '9 %{eﬁ%ﬁ : ﬁécﬂﬁﬁ e'{ap gt?ia Hoﬁ)e}/%ﬁgﬁeg?téng fans in parallel

is taught against as not prowdmg the desired results except in low system resistance situations

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 parallel fans are
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Page 4 WD 2004/ 085928 PCT/ US2004/ 008578 applied to
t he higher systemresistance that [an] enclosure
wWham4/083928 ess increase in flowresults wth peeBUE®E04/008578

fan operation.” Simlar exanples of teaching against
using fans in parallel are found in an article
accessi bl e from H ghBeam Research's library
(http://stati.highbeamcom) and an article by lan

applibii teethd higheesysidnh eesistanch thah {an] eneieguepbagl c. lesmipcreBsePiadlow results

. 0 28a. g F

with gy FREe P et BRI el i s T gt are

found irarcarticly accessibledromHighBean Reseashia dbrang(httey/stati highbeam.com) and

an attBielol 45PEL Al HcBbldidle O (niAwiiHdaBsBiiRftged 10 a fan
array and positioned within an air- handling
conpartnent. One preferred enbodi nent may include an
array controller 5 programred to operate the plurality
of fan units at peak efficiency. The plurality of fan
units may be arranged in a true array configuration,
a spaced pattern array configuration, a checker board
array configuration, rows slightly offset array
configuration, colums slightly offset array
configuration, or a staggered array configuration. The
foregoi ng and ot her objectives, features, and
advant ages of the invention will 10 be nore readily
under st ood upon consi deration of the foll ow ng
detail ed description of the invention, taken in
conjunction wth the acconpanyi ng drawi ngs. Page 6 WO
2004/ 085928 PCT/ US2004/ 008578 BRI EF DESCRI PTI ON OF
THE SEVERAL VIEWS OF THE DRAWNGS FIG | is a side
view of an exenplary prior art air-handling system
having a single large fan unit wthin an air-handling
conpartnent. FIG 2 is a side view of an exenplary fan
array fan section in an air-handling 5 system of the
present invention having a plurality of small fan
units within an air-handling conpartnent.
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FIG 3 is a plan or elevation view of a 4x6 exenplary
fan array fan section in an air-handling system of
w0 b@4f8w3ent i nvention having a plurality of sPel/US$0a4008578
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 systemof the
present invention having a plurality of small fan
BRIEFSUMMARYOMTEE INVENTIQMd| i ng conpartnent. FIG 5 is a
pI an Oty &?é’s%ﬂ ?\Ueﬁffoﬁ\ﬁ ﬁiec%d%‘éf ST Bh XedtRn u"f‘éﬁﬁiYhandllng
sec system of the present
systemmenmlodesmapiuragtyaof :amwts atrynqm i ﬁé@rr argrang-Rasdiopgq within an air-

handﬁ}fbe&hi ritrent 89 P%rf‘e‘ﬂ’@?ﬂfoﬁlﬁ‘éﬂﬁ maﬂr@luo@ dnSan% RboaolleF
I on V|ewo a 3x3 exe an arra
progremmeddn operatenthe pluraligaefdan w@tS@ Redneisientye %‘Pé@éﬂ'{‘y of fan units

may bé‘ ¥ﬁ'5“de9r?n Qgﬁﬁb %9ra§‘ cOhfiguatibh Ya éifacéd'fpé&erﬁ aﬂaylébrtf gunatiérh iarchecker

art ment C—I%
boar@argmqnﬁgur@tl@”r@rps %[lnggkylof@;'@&ﬁy&og IQLgﬁtIOgr Fg{gmpgﬁhghﬂy offset array
config&afidr0Br & @ta@ﬁerea@rray E:od?ig[llféhbrmg system of the present

I nvention having a, plur |ts
an air-1 h%jﬁ@pplﬁg apg) EBEF Slwgﬁi(l ﬁ%}lreg q@a aé:lvs ages o Wtﬁ@fn()ennon will
be me}eel‘éaﬁlly%dér‘sﬁwdcifpoﬂ ﬁoﬂdldei‘aitmtdf the folioavind aetylle‘dedesamtlaly of the

handl i n of the present

‘“"e']t'ﬁ(}éﬁlf‘?”o'ﬂ CPWU(AﬂPBHV' ﬂﬂﬁ %‘}CSMPPS‘/”C’@ H%&rvaﬁ\g]ﬁ fan units are

arranged in a spaced pattern array within an

ai r-handling conpartnent. 25 FIG 9 is a plan or

el evation view of an alternative exenplary 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 conpartnent. FIG 10 is a plan or

el evation view of an alternative exenplary fan array

fan section in an air-handling system of the present

invention in which a plurality of small fan units 30

are arranged in rows slightly offset array within an

air-handling conpartnment. FIG 11 is a plan or

el evation view of an alternative exenplary fan array

fan section in an air-handling system of the present

invention in which a plurality of small fan units are

arranged in columms slightly offset array within an

ai r-handling conpartnment. Page 7
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WD 2004/ 085928 PCT/ US2004/ 008578 FIG 12 is a plan or
el evation view of a 5x5 exenplary fan array fan
W@ emtiogs28 n an air-handling system of the presBeI/US2004/008578
i nvention running at 52% capacity by turning a portion
of the fans on and a portion of the fans off. FIG 13
is a plan or elevation view of a 5x5 exenplary fan
array fan section in an 5 air-handling system of the
BRIEP DESERIPTIONOF i THE SEVIERMNG VERWS 27 Tilp RAW turning a

por ti Oi—"lé’ﬁ ERSsia dé\ﬁélﬁ of%h ?iyn r??ﬁ&r‘ Aaiftharldify ?ﬂéin Réving a

FIG 14'7Ts a si I ew o0 ernative exe ary fan
singlelargeyfari gnit wighin ao airhandling sompPamA@eef i ng system of t he

pr es en%lé @E%téld:g]wmw aeenipiaty ?éri érk‘ayqén §écﬂi§l Qf a‘&ﬂalr—handhng
nunits wthin an air-h g%
systepag@@pwmwmnmmgigﬁcwf@é!@6'»1'7‘@) B 1S WARD Ahanding
ompgﬁﬁ@ﬁ‘)i{ Pgl ON O:f THE | NVENTI ON The present invention is
S'y;f gmeFI(ﬁ‘;”? §Mpr?pflés1%¥%rﬁ \é}igws Y %gxcl?rﬁp’g& ?réérr?y gse&%n in an
a.r-ha?ﬁﬁﬁg %@ténﬁoﬁhé piésénthﬁ\mﬂhbmm\ﬁr}gsé ploralityess small fanumits iwitlyin an air-
han _ vi dual single fan units 200. In one preferred

RAEAENtt he fan units 200 are 5 arranged in a true
af r ay (H?GG‘Bus Bpldn or dieNatiah viewrtd bi5x6 ezerpldiyrfem agayniay section in an

o S 0 o 4 VB GBI 3yt on o

handfilg cdnﬁpwtmentlghtly offset (FIG 10), or colums

sl | ghtl % e@aﬁ F{ nga]n&% e@softa@4%&3ﬁﬁl§ﬁy f‘aﬁ“éﬁé‘}‘ {a@Rection in an

coul d true arrays
air-haridling systeny of merpmnt inventioe hawinga plyeality of snﬁa@i,fﬁn ynjts pithin an air-

ensiye. 10 The fan units 200 in the fan arra
handﬁ'?wcﬁ‘zg]apresent i nvention nmay be s Eaced as |little g

20% of FIGf @is awleeor elpyatien ¥iew abst3 wHpBr-en Agay fan$action in an
aw—h&?ﬂﬂ# E}(s‘i’é}ﬁ of fl’l(e SehORGdntioA hav 5 [URAIHPOF sniBR Yarbghits QutAR an air-

ances a ow as 30%to 60% of a fan wheel
handﬁngmr@rtmqu cl osely spacing the fan units 200, nore

ai r maygigey @é’ﬁlﬁn bPeldvatidh vl of S8 %xeiﬁ@rar)efaﬁﬁnbﬁfanlsfectlon in an
alr—h;rgjﬁn;gg%qm g?m%ent lgyﬁ;r&;lgg hg\ﬂl:ngg]% H@%@e@‘ (r?@ § n 0 i its whthln an air-
g Y
handlf§ EGfparimdiet vveen the outer peri pher y of one fan wheel
T R e
sectioh Bedn ﬂl‘lﬁalﬁlﬂng bﬁtemipfathe pteseat ihvemtion 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 comparitment.

FIG. 10 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 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 arranged in columns slightly offset array within an air-handiing compartment.
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ceiling). By using smaller fan units 200 it is
possi bl e to support the fan units 200 with | ess

WO paor08ioee structure (fan frane). This can be POIps20e4008578
to the large fan frame that supports prior 20 art fan
units 100 and functions as a base. This large fan
frame nust be |arge and sturdy enough to support the

entire melght of the prior art fan units 100. Because

of t heiflGsiZis aamen orsievalip’Hewoha SKh SypmAlaR fan aff@ksian 3ection in an
air—hé?ﬁlgﬁ&sjs@n? bf BE %F&%n%\yéhtléh funhing\st 52% dagﬁcw fi@hing@ portion of the

ment therefore, the fan units the fan

fans g ang)a ﬁﬁ'ﬂ?%éf@ﬁﬁi@rctﬁed by a frame that supports the

”Dt or s Fi8813\stdp Iéhh&* él'é\lﬂl:m Vle\‘ﬁtdf b &5 @ﬁerﬁ;ﬁa@lfafi br@aiy fa Section in an

nmentioned in the Background ave tried

ai DATGHTG S TB S 56 RETUPR BTN X B R A Y ST gtion of the
fans 8 b8 ertibAof kemar diy adj acent to each other w t hin an

air-ha i ng. system s al.so nentione
Backar dufha € e e vy of oleriuls <FERNaR a0 iRy f Segion in an air
handimysystempotthe presestamizntiers havite/e plaralityi of staggerad lsn'hﬂfaﬂ unitg within an
.. system industry, it has always been held that there
aphﬂﬁ@ng%ngﬁiﬁﬁqﬁ cant spaci ng between the horizontally
arranged fan wheels and that 30 arrangenents wth | ess
spacing wi Il experience performance | osses. A single
| arge fan noves 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
cl ear space Page 9 WD 2004/ 085928 PCT/ US2004/ 008578
between the fans of a distance of at |east one whee
dianeter (and a half a wheel dianeter to an adjacent
wall). Applying this logic, it would not have nmade
sense to add nore fans. And even if additional fans
had been added, the spaci ng woul d have continued to be
at | east one wheel dianeter between fans. Further, in
the air-handling systemindustry, vertically stacking
5 fan units woul d have been unt hi nkabl e because the
means for securing the fan units would not have been
conduci ve to such stacking (they are designed to be
positioned on the floor only). It should be noted that
the plenumfan is the preferred fan unit 200 of the
present invention. In particular, the APF- 121,
APF- 141, APF-161, and APF-181 pl enum fans
(particularly the fan wheel and the fan cone) produced
by Twn Cty Fan Conpanies, Ltd. of
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10 M nneapolis, Mnnesota, U S. has been found to work
well. The reason that plenumfans work best is that
W0 ba@y/osk2s 1ot produce points of high velocity sPCHUS®04/008578

those produced by axial fans and housed centri fugal
fans and | arge plenumfans. Alternative enbodi nents
use known fan units or fan units yet to be devel oped
that will not produce high velocity gradients in the

DETAILER ®ESSRIBTIOMOFTHEMNVENTIONot her enbodi ment's, al bei t

| ess ef‘lf{\gcd & tin fn%ﬂar‘é@ieﬁsto §Warﬁ§rt f%ﬁ Ls.@étloﬁ%q% air-handling

and/ or cen used fans t ave points of
systefi. ks shommdn Fiﬁ$ ﬂ-%h@‘l&fﬁﬁ aray 0 seetion ip thesir- hanﬁihﬂm%vstem uses a

pluraf(g%f ﬁﬁl’i/fa%les'ﬂb‘i@fa%ﬂﬁs 26R29h oﬁé pFé?&réo?éinle'HlﬁméntthQ faruriit8 €00 are

ay fanm_section in e alr- lin |¥
arrangoh Iy AV TIPS o U ARITRBY STbaD SRR Mgy ol Sxample,
alternbfive afréhgeRPtddiRh 88 irﬁ@'s&ﬁ:ﬁ@@bﬂ@ﬁt(ﬂd BE adhedkér board (FIG. 9), rows

el bl b 1R ShETE. ), 2kl lay cova o

im Ieﬁi’gﬁt’éﬂi Wit frue 4rfdy8 @hd/ohalternativeiarrgys the tefm tareay2i8 rieemt to be
its 200 at a reduced efficiency, the array
compg WP er 300 turns off certain fan units 200 and
runs t heherfemanits 200 ih the famatrsy GfQBe prespaahveafidn magbe gpaced as little

as def pra n 2l ter{] ﬁtgrln\é%[r: o me gl’atl 5‘%0%%%# clos%@%n%ﬂﬂé@larray

ev e
may baﬂﬁb’uod af dlslsancestas)lowfas Gp%rtatGD%mf aAanwheel diaiveten eB;’edQﬂeW spacing

the f%rhm?nltg :%Eﬁ,rerrgbregé}vrﬁ&{/%efﬁg el]"l %?%%%lgﬁsc@a'&é.?mg éw:ﬁe f%ﬂ Qheels of
the fafrounits 280 |heV¢ a A infchifarsywessl diametarhenly  kdnghrspaee (£90) ipaeeded
betwddrPthe Yufer P@@#H ﬂ/h&‘eo{mé iz Eind? r'anc'i b &%r%hpl@r@gﬁhe adjacent fan wheel

or sepowe an array fan section in air
(or a Ramah 9page bytmeémthesmt@r@eéphq% P fap viteet and ar\atﬁe\ﬁalapent wall or
ce",r@ray can be optimzed over a wide range of flow

ates and pressures, the actual Berat ng p

consunedy Ysing W‘Péﬁ"é&“%@oq g isppseipieie Suproyt th‘g\%’émltﬁ 200 with less
mtruéﬁ@stﬂ!éfdr@tfa@ﬁ%é)t ITHes mvﬂércdﬁw&%mdhé)wéel"fan frampaiakligports prior
or art air-handli S gthe
art Bt 490 ad WS A Bper Has SR CO IS BT PR rge 2 gturdy
enough tRSuppeR ttiedéntips w&@?ﬁ&ﬁw@;ﬁﬁdr drtlssn Gnizeld0! Betdseat thetlsize and
_power consumption of t an _array. t :
positpiFp ST B AT oHay MRS EGB  £ AP Kb AL podiment.
thérefbire, e fan urits 120adf the diareérrayema)gre suppbdedby s frame thai stpports the
narre | ate .r. |n he notor per El ect I
mmof?oi;deémﬂjh% M Wtrgstn é@gﬂ%ﬁ"‘é of a pr Po: ar ?Cf ;lnca
desi gn Asupphtidned irbibe Backgrotride otherst hgve triedi usingesidsf-byagide installation
v 8 RO 5 U B SRR e
As iszisohoentiopedisrthe Backgmundr fanBrvaysbave h@@ér‘ﬂﬁﬁ‘blﬁ‘ q}@qtqonlc and computer
asse ﬁése fﬁ&,l/ég l\‘rg@e%ﬂ -HAhGIRY s?gtanQHM it ﬁa%\ﬁ/mrheld that there

ors an hor sepower arra ntr
must be significant spacing between the horizontally arranged fan wheels and that
arrangements with less spacing will experience performance losses. A single 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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This invention solves many of the problens of the
prior art air-handling systens including, but not
WO Rovii0g928 0 real estate, reduced producti on cOBCEHUS2004/008578
reduced operating expenses, 5 increased efficiency,
i mproved airflow uniformty, redundancy, sound
attenuati on advantages, and reduced vibration.
Controllability As nmentioned, preferably each of th
betwéemthe manssofa@nstametdﬁ gt Ieast one whpeldiametectend & hak a vigel %meter to
an aaj npﬁ 'ﬂgg@&?&?@k E%Bmdrrfalt h&w rﬁéfdé‘ébr@é‘i@ﬂdd more fans. And

at nma
evenpfraﬁglrt@nalé@na haddysen geded; e Jr2AINg mqugi haye ca'ﬁtmégko be at least one

whee?g{ah‘fé‘té?rﬂ)‘éﬁmeeh Rarfsh 'F%rtﬁ@raiﬁ tﬁé Elr%'aﬁdlﬁm syﬁ@hQﬁdldﬁermcally stacking

er than runnin fan units

fan upiieiwewd have b%qné{ml%ﬁpﬁéoe&?ﬁ‘%ﬁlhe D B PRFUgYS feh ypfiwould not

havelfdeh %ﬁ’dd&fv% 16 §tﬁdh‘3§tébkfn8 thet btéde%ﬁ&?\eaw bé pésitidhed on the floor only).
remai nin fan uni

Pr ef er dbfRpuld hehoted @?t t@S H{e,nUF\ef@? |$§E® p{eg ggyfgn pijt 200 of the present
mverﬁi%ﬁt lrpﬂ)arf@marttﬁé POF2Q4, APBi14il CARF-1§1, ahB APF-181 plenum fans

oarletg g e g S B Sondlvefipad Bu i QR Sl e o

anbﬁpdﬁlscﬁmnésoté,m S awed bean faundpe wetkwelk Slihei regsondhat gfenul fans work

best éﬁhtﬁatfatﬁﬁ\(lﬁo g%é&qcﬁllg?e ﬁgln%f&g\lgﬁ%aﬁ'c@y é’&ht%ﬁhos% cérc?dﬁ%lad 8{/ axial fans and
housed IcéStnfi@Ql fags ampidarge elention fahs gAlfarnative embaiiimentsi Wnown fan units
or faﬁ ﬁéjt% )ﬁ??ﬁ H@a!lic%v_eloﬁgg \t/Haa? }Nglblﬁg Brg?PE%MPﬁ Qné‘lbéi écﬁénté%’ tﬁé dlrectlon of
airflons Stitiathe2 @mivodimests; albeitiiess effiivnt; usmiap Uﬂﬁ%sum@@x'abians and/or

cent lfﬁ@al lﬁghée% fgrQsOthEquﬂai\‘Ib gﬁﬁilté & ﬁﬁkl&cﬁ? irtROBIRELHVR B Airflow.

A cont stem at nmay 1 nclude the array
contr oI |Iné|fle g@@yred@mb@dn@na $agh pithe Zanounitg 200 ifhe if,a"Z‘l‘ff?y fan

sec’u?ﬂ irl th8 %;rfréﬂdnn@MystEﬁms H&thll@@%aﬁﬁﬁa@é&ntﬂollé}%obQFIGSUfE and 13). In

unit 200) 7i ndi vi d ity to tu

one gr,quqr@dgmj)ogqug\ﬁ ah%qanfaympralleéfspg R1av\pe; Rjog| mpped e gpqrﬁt@Qhe fan

units Rt besk aridiéidyaim is feak @ﬁemuy thbéldimeﬁil FatheR thayn, rusriisdall of the
fan unit 200 in a 5x rra s4°/ the to aI

fan ugi{g 290; abq @gugegseﬁﬁ/grgy far % rog?r tur,np (cmlce ollé\pets 200 and

runsQﬁE‘Hﬁlnlﬁgfﬁh @Ritd 200 gtlpeak afficientyl In 20 &Itahaimermnkmdﬂnmft fthe fan units
a_user to co tro

200 b Al i el poster Il (oo B NSl e "B & osftedign

if that Anﬂ&r@dbﬁtdﬁmﬂthﬂabmse:ﬁmveehm ltheat thabequeay dionigolien 300 (which
505 D8 bl PR TR BRSPS Sy idyrt ana
pressire, ¢onfl beFsizal forthe actudi hrakkidrsépowen nf the faro@Taydgn b@ctlon in the air-
hanc{)iﬁg ggst&gvan & eﬁﬂ%nﬁ\i éf thé i waTlhér HB& %h |rﬁaég 8\9& dW¥e range of

ageous one or nDr an u
flow rates angd nmea@r@ tseadtual opreaing powes carguAtei hydbe (a8 agray IS substantially

less %l%‘ﬁqﬁera gﬁpﬁ ﬁggraﬁﬁ# Eb @r) nﬁ{hq%ooﬁr%l tﬁ% I‘EmeQraBl% grisPhe&RHandling
systems and the array controller’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 controlier
(which may have been a variable frequency drive) in a traditional design would be sized to 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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may be taken off line while the remai nder of the
systemremains fully functional. Once the individual
wo aw4/08592% 200 are ready for use, they nmay be PCDUS§I4/008578

back on line. Page 11 WD 2004/ 085928 PCT/ US2004/ 008578
A further advantage to taking fan units 200 on and off
| ine occurs when building or structure control
systens require | ow volunmes of air at relatively high

requipe 2 68 bomspower métpsansfifchorsenewef egntighert I he mewdanantiomwill preferably

use é‘ﬁ)grﬂﬁ}f %J.lrt{egré Erhgpééggwgrfrﬁﬁlﬁpi £hd PS8 Rirs&fbweP 'aﬁ'én{ édHiroller 300.

m’nat e sur ects that sonetlnes
st r uct ukhis ibvendion selres manyPhe REablasisgfithe s a&m"g@nd"ng systems

mclu&hé not Ifiite Fe%l ééi@tesbéa&%@ B RRHH Bosts rédiRel opérafify expenses,
i ven vol ume and the fan unit

an spee a 200
incregged ¢ffi @l@rmfelmpyoweg aggow Hp@rgl{t@rpdurﬁga% pgtgmdcﬁttenuatlon advantages,

and ,%gu&édq},grgﬁm ity are showmn in FIGS. 12 and 13. In the
fan array fan section in the air-handling system

shown in FIG 12, the array controller 300 alternates
Contrdibiiiy/an  units 200 and "OFF" fan units 200 in a first

exenp {t t t 10 L
Syet omASmERioney BErRNE S5t ap v fRedi iy ieal Prptan secton in
the a_r’nﬁ]ﬁanfillmryrfgletn i® mblytrcgled Sy R @AY tordfollénsdo (FIGS. 4@ gundvie) that may be
ese nunbers, ar.e ba ,
proofThel PR ah PP POk g it Rl el Sfiency
embadimant, fadirer skeemtruoming all bitbe ﬁarruriltaﬁﬂﬂ) at@r&dyse@eﬁ' gjencyt the array .

contrg:g&r(ﬂ)?s giae]i?tod?no% H}Fam f;ﬁ hiid!58d Qﬁcfiiﬁn e refla W@l’éh uﬂi‘f'sl, 200 at

nsunes rate power ese nu
peakafficiehcy o Rraferebiy) the array pwm"erf@ﬁ) isplle &a cantrol flaﬁ ualts 200 individually,

Hﬁ vl h thRiar ray controll er
in pr%%% degero'%% éhidécondggrggﬁ%fgry ;S'gtte?/n of "OFF" fa

uni ts 2@ examplearrthe xb faniafray s asthatrebann in RES. 4, 12, and 13, a
pers&%égi rg-ﬁg%orﬁtﬂ{‘t@e{r%» rh& sehi$ bbdadidft vbﬂ%@bﬁe\)é%\‘cﬂlﬁfféﬁl a pattern

resent 1 nvention re era

of ar(m@ﬂ@/oetm MBS Sy UHHE 208 {oRRETAtR RUBINOHSt LR fir w'ﬁ%'ﬁaﬁ-‘age fan unit
200 aﬁ%ﬂ?ra%%@nﬁ%tb@ 4%hnﬁ the?ﬂtdl‘ Hiﬂ direrissie o VoS EtehR] Which is what
&sl or arf as shown g rk(a t he .t hundél gﬁﬁ id
mostiiuruEesintBnhLBe ﬁ'{:}"‘tbﬁ'é°f fre wRits 200 o S mast bR gRmand wou
operEtleGA cbhtrolsystiehr (Rt éayitisdeth€ Bay €antioldri300) Wold peiused to take fan

ST N Y T T e

abilitRitd thmvyfapainits 28on 2itDoff ddrdd effetieelyralinyinate disomsedtfood variable

oo B ST, L ad 205380 R 36l B
produestiAh nfjithe evebof zir flov. wlngaecdrrmol system tbdeke m@namaoo on line and off

line g‘ﬁen a4 %EB) C%Bé?)l p%%? Séagte%d of Qﬂhg\moﬁ'hé Bgttéi*h ﬁf:é]ﬁﬁ(ﬂFcan also be
controlled 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 off line. This controllability may be
advantageous if one or more fan units 200 are not working properly, need to be maintained (e.g.
needs general service), and/or need to be replaced. The problematic individual 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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Simlarly, reducing the size of the inlet cone 104,

204 reduces the length of the inlet plenum 112, 212.
wab@4logiegg h of the discharge plenum 110, 210 CBOT/EBR04/008578

be reduced because air from the fan array fan section

in the air-handling systemof the present invention is

substantially uniformwhereas the prior art

ai r-handling system has points of higher air velocity

and neehlfurther advaptagado tajsing dan wnitsi200 ©p and &ff link ecéurpwher building

or stllﬁ@fufré’ E{ﬂt%y?ﬁsgégf ljeg‘g Eé o $26|u¥'n%sto? Sir ?{s %I%@é]g high% i Ir%ssares In this case,

can a
the f@fhlenlh‘:l 239Asoulgibemaduisted ’@l reprilizeiarptakieioparaling pnint sad eliminate the

surgé @ﬁé‘d?é ith‘scﬁ#éti‘iﬂé%eﬂa”g%etshﬁctﬂr‘aeed%vrfe% arﬁueﬁ'nﬁlhieﬂgné@ﬁé‘@ The surge effect

stream from the di scharge of prior art fan
is w@y%ﬁ@mygg@ﬁg@ufqﬂg iteo high far the fan §peqqoat@@\(pnt\@|ume and the fan unit

200 ﬁg@@@naé&g E@mt‘p;stgh velocity to | ow Page 12 V\D
2004/ 08

CT/ US2004/ 008578 vel oci t
o amiples o A abHY 6 N A, Y AncTa, 11 e qrray fan
sectigh In thé @ﬁnhbﬁdilng rgygbmndhewu A F1&l t22 e aﬁﬁwgclmtwlamﬂ)o alternates “ON” fan
\ r ar alr an I.N
unitsAgRan T R A2 O R Tt kB e ok 2o g et
systén® sz th oplendte ptI5II0 DEtheGhaxinoum adted ain flow bat énly 6dnsumes 32% of full
cture.,set forth in Backgr.ound of

rate VR SRt R St PRIty WbiFaE s e Rty B o mpture.
FIG. g8showsthedaroarray fiah Isegtiontin the anlmdlmgysfemsset t¢ 6peratech 82% of the

maxi\qﬁl lté?jaé?ref O\r\y\ﬁdt on&%oﬁsc‘uﬁr%s Hi/% g?f% Fﬁ?e% ?5\?«% %8@*@'{:3@5 are based

ure e presen
on eXemmiaw rtmcatfanlo@eta@oesam\aeslruwr@ Indhis srabodimeoh dhregggray controller 300

crea%% H@'gize}g far;? ?atité?ﬁ EPQ)F*IH” e JM %@6) ali(g“(ﬂ@sfa%g?s Sths shown.

ong (as conpare
inches long in the prior art errbodl ments). The
RealHsefdar ge pl enum 210 woul d include a 3x4 fan 10 array
fan section in the air-handling system such as the one
shown | thefprsamay fapsectinn in therginhanghing seclion 220-pkthg ersent invention

prefdr&shy Mé%%é% o 8@%51 leBY ﬁéﬂpbﬁéﬁé tlﬁéHeriﬂ aft d%{éﬂar‘ge %iéﬁuﬁu@ 120 (with the
rectangu ar cube of pr oxi mat el 24 to 30 inches on

hundzed;$e4ieS JURRRIRSINY Eﬂ?r?HéSéF‘?‘%@/'“chﬁf 1 god KiejtyA hungied series number
bem@trk\/wyssg epﬁihgentﬁﬁ @s Isﬁovérim_t RG48) ih aﬁlr?gﬁcg{:@%yﬁeﬂiﬂagampbﬁng?&e prior
ihches in t r..art enbodi ments). For. .
art (i, DoReePe presentaienta (PG dhows A dramnta Rt atton ¢ s
shorteaing fobthefzirivay bhie 1205228 Cikgreoatethary rédsont thet Dsihg multmle smaller fan
. ucture r LI 6, 000 ¢ f ut e of
urits Job b it S5t B 8 <y GefR 139, £ rBECudbl Buffing the size of
the fan Unit 109, 2@Gand rdsion 408, 268 sedupeslthexenyth efrtite discharge plenuart 10, 210.
- f
SmigHE BRI B RALLRR 5005 Kk UBILAN of o
112, RﬂghThg/Ieegthlqﬁﬂh@bsd\amg,plmm WZBDcamaIscsbe reduesd benagse air from
the fARSr &R 85 &RnbiPth@4irHandling 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-handling
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 little or no need to transition from high velocity to low
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100 inches long in the prior art enbodi nents). The

di scharge pl enum woul d include a 3x3 fan 20 array fan
w@eaiiogi”2g n t he air-handling system (such as tPET/ORB04/008578

shown in FIG 6) having 9 fan units 200. The space

required for each exenplary fan unit 200 would be a

rectangul ar cube of approximately 24 to 30 inches on

a side depending on the array configuration.

veloity,) \iEng fpaiatiay fanGettiondn thepinmandlinghaystamtakes w;?arrfwn thg inigt plenum
212 8re2é§rehlp GRE Sl 'ci'énfl)rﬁ\aﬁ kHePBrioR bt aﬁfmﬁ&lﬁn@%‘%@}n soARattBd IREM of the

I's generally nore cost effective
inlet plenyi1fa 31i2é“§‘3fa|?19 Ape8A-f an section in the air-

handl i nghrYgosss wcombanwremsﬂewmprawrmr@@ém@trad the
to the single fan unit

Backghaun 2 e LG/ Pestctu oG B0 Bt fesf bor ioutpy afow at
preséhi@ of Six t6) *ihoﬁéﬁvafeh ghgd) Wi ivé GBbﬂl Usify the ﬂtsSexe?ﬂﬂargi%trtl&tﬁe an

exengﬁan;v %b@galﬁgﬁa{;g %graegéntt"hvgn utpgb% %%{%q t{;y a gom@g@dlscharge plenum
210 6PgYaNcHeY @ighyMB0 ihches Wic& anuedol te 136 firaohes! ing Sa2@dnpared to 106 to 112

o555 8 s 08 B 5] Sy g vt o

anapreasenmnumthenmrmmdmgsymehesudmsltlmma gowarin &IGicMhaeng 12 fan

21 s o B ST RO B3 By o o

appreximetely24dio S0 inehae b a(sidst depengiog oa e astayFenfguraties. The alrway path
220 Ri401§ 4§[h‘ch§%%§ ﬁulpg\Qg%Q @éé&?ﬁﬁ%&me@ﬂéﬁﬁ%@é& Q%é&nﬁlents)

an uni e used In a Sing alr-h %
syst em far peenroResiPk compsEsom yleeapg@mrewmlm shﬁwe@ﬁt fprih in the

Bacl%?&n@b@ﬁ\e%vécnﬁ&h tH%tFucﬁP@rquMﬁ@ 28080 chihl€ feetBér iihufe@R airflow at a

are custom nade, cost of produci g?
presHrp of Wiod2} inehasnvater gage) Wi rbealsmhr Vsipg thersespry] @xamnlary structure, an

exerﬁél&?%‘nb@ﬂiﬁ%\ﬁﬁoﬂ tRe ﬁrésel‘ti‘ttl?\ﬁéﬁﬁon &cutd b@éerﬁécpﬁkué} h&@inal discharge plenum
e prior art fan

210 Bfr% '@%*185 by §ddpchss wide 20d é‘"@s%BP ?%@cfat?sf 'Pv%fﬂstﬁo@ga@ﬁ to 94 to
100 m&n@en@m thdSridr aFERTboMiaNts) € The dRBRArgE premnmtd influde a 3x3 fan

NN T ST —
200.afis0sprxsé eatfliired fop ethEexenqﬂarpfamrrﬂICMO|wugﬂ$besamdctaﬂgular cube of

apprg%égq?y%%{or&gfigﬁﬁg %Hﬂrlrsg tﬁi%)%%dl{\# 8n rPJ I({oﬁﬁég%lon The airway path

220 isptditb 48 irched (astcomipateddo §¥ $4 8Frinches'ip Ithggpraln art;a’rmpdimeﬁtﬂ) h
nmodul ar units may be inplenented by including 10
structure for interlocking on the exterior of the fan

RedugadtFrod@fon Gestsel ves. Al ternatively, such nodul ar

{07 T RSl HIE St A 6y T e .
handiing sysierm iof e @rasent invention 86 compyyad fathe giiglesfapyyit he0 used in prior art
air-ha ARG THALAE. Bt BFthR%ost 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 to 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 output). The different
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a grid systeminto which the fan units 200 may be
pl aced. 15 Reduced Operating Expenses The fan array
wo 2004983928 on i n the air-handling system of theP@F/ESm®N4/008578

invention preferably are | ess expensive to operate
than prior art air-handling systens because of greater
flexibility of control and fine tuning to the
operating requirenments of the structure. Al so,

fan unis 209 cosiitkliel waedrin gsinglesihandiingnsyigiam er eash a!rﬂ‘@ndkrtsqﬁyﬁﬁew would

have oﬁgrsbnle‘?)ﬂ.’)ef Jf?é’rpﬁrflfé’oon 2R wheR gﬁ@émaﬂl@gfén%ﬂs Qb@éﬂeccust%ﬂl made, the

ce to I ncreased. Effici enc
cost ef:nfodysing; reitiple fanHenits 2P0 fox Adarticylag 9@!%8@'“?% é“'{ﬂyé Jess fHat the

cost gﬂ'ﬁf@tmdrgrh suﬁﬁl@ f @Bﬁ of ahtFal1Oie1 02 bl 1k &Bfe tPThiemeHte because
ir-

b h
S e e SR SR B L A BT e
comﬁdﬁ@ht‘é indeetsafyaor the |stn§|ea%e Prloedrtifanfuhit 1 00.pTKiY €64t savings also extends

ineffjcient use of particular fan 200. It should
to the,Gost bt bding 3 SAaler PR ERONERBTPAI ST R0 d b Loed

to contifghe bfwerfmmlmcﬁrﬁerﬁ @0theAventidn, ther fah units208, are nedular such

that the sisler cons l%’@rf’é%g? r”Sdlﬁ%rf L{n?tggrffg lmégﬁkeH@dt@ ifdiing

strucklré fot lrﬁesrtdpkmgl on E{mjebmeiwn of/thistfdrt units 200 aiema@ivles Abdernalilgly, such

modttﬂ%dfngg g%ﬁ%%%ﬂr%&%%{)%d bé/rlﬁlr@éﬁé%g}e] étrfucﬁxrec‘foF %&loﬁ:@ﬁ% {Haithn units

200.dn me’am rbérnativesmibasinpert cugh dodular ueitsfraay bmimmemqm@l by using
a gri (Ee%s &vﬁﬁﬁﬂé 3R uﬁit’scﬂ)d;ﬂ%} bd f?&é‘d_l s no noticeabl e

lon in cooling or arr tlowrate. Page 14 WO
2004/ 085928 PCT/ US2004/ 008578 This feature may al so

‘Red.%ggbﬁg}fé%%@%%%?snai ntenance as the array controller

fan units 200 that are to be
mai nt ai H‘@cfa@arrw fae sgriian in herithandling systren pibe RigseRt inyention

prefe?AéBN ért%geé%r x?éﬁsfl\ié)lw opERitEthal pﬁ@Ud?eruAﬁélﬂl §ys&ﬂns because of greater
dvant a

Ty 9ot and Tos §iri og e preseilia 8o ents gt g pcture. "Rso, by using
smalfef aiguemp)éeé ednehite R0 freat Feyuie b8 wuifeduenBatasescontrbieariddess static

| ess | ow frequency sound energy, shorter
resm}lggxggtq:@gﬂ y sound traps are needed to attenuate the

hi gher frequency sound produced by the plurality of
fan units 200 than the | ow frequency sound

lncresﬁ%cglléfgcé‘lancy

The fan array fan section in the air-handling gystem of the present invention
preferably is more efficient than prior art air-handling systems because each small fan unit 200
can run at peak efficiency. The system could turn individual fan units 200 on and off to prevent
inefficient use of particular fan units 200. It should be noted that an array controller 300 couid
be used 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 efficiency.

Redundancy

Multiple fan units 200 add fo the redundancy of the system. If a single fan unit
200 breaks down, there will still be cooling. The array controller 300 may take disabled fan units
200 into consideratjon such that there is no noticeable depreciation in cooling or air flow rate.
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10 by the single large fan unit 100. The plurality of

fan units 200 will each operate in a manner such that
w@eaussises waves fromeach unit will interact tPCT/EAINEH008578

sound at certain frequencies thus creating a quieter

operating unit than prior art systens. Reduced

Vibration 15 The nmultiple fan units 200 of the present

i nvention have snaller wheels with |ower mass and
This featuse mal @lso begisetul duringteaintenangg s thearpwerngrolies @90 may turn off fan

units 284 ﬁ{ﬁ'ﬂ ?ré tobe Mélﬁ’t'éﬁll%? Sflirjedh ﬂohﬁatucééﬁl@&eﬁr@élaﬁﬂh‘ |ﬁ coéﬁh& or airflow

overa bration of nmultiple fan units
rate.transnmit |ess energy to a structure Si nce [ nd| VI dual
fans will tend to cancel each other due to slight
di fferences in ghase. Each fan unit 200 of the
€S 200 manage a smal |l er percentage of

the tot@e Hfré’d@:eh@mﬂuha gf the @hiall ﬁl"ﬁurﬁltsfmd I§ éh\s%rmdi aigniate than

the Iqvg équteséx??éﬁﬂ&ﬁthe%rggwﬁr SR euR onc o ess T gguency
sound eft&rgy,fshorter lesy/cdstiy samatiiaps arendeded to atteriuatedhe higher frequency
sound SR G PR o, L 20 8o by 9 rocuces
by the ginglertarge famgnitt 108N tThe pluraity efifam nnitss20R0All e&dh®pekats imoawanner
suchgh géémf g \%gkésaf?orﬁ ?Qct‘?\?nétzvﬁﬁ rﬂu?gctﬁg 85&% %Jng %?E%r{m%ﬁ]geqéxfgcies thus
creatfngra wetelyoﬁeaatlngsmttthanmnpnart bystems. handl i ng system

having nine fan units 200, and FIG 7 shows a 3x1 fan

array fan section in the air-handling system having
Reduckd ¥iration units 200. It should be noted that the

array Mgy .h&atop‘ié fa%'l)fﬁ Qé@oﬂhe gfégsgﬁhmueﬁ haR SndiBARhEMDwith

fan units ted, that although the
lower ngass A1 cseate @Sﬁﬁgrc%uwrraﬂ@@ﬂ uphplanceithiys eausing ﬂﬁssof&%aﬂon than the

large%‘r@!ﬁ\ﬁ]t 'Thede@ralIZI)bratﬂfﬁ o FhuftiplesEn ahltéfﬁ)(ﬂknﬂ ﬂ'}énsmlt less energy toa
ration coul d contain

St RSP AU AR 1 T Caoel R E S I pieBFes n phase.
Each(fa? uﬁhﬁm?ﬂ tRe Muffipleldn umits zmlmatr@bﬁ a@nﬁﬂ@ﬁp?rgéng@w%ﬂmbdm air
ot e at cool.ln OollS not. snaQ e e .
nandli Uy B L1E Rerdip 5 LA IBo= b st AT syl less
vibratisn.t s Page 15 WD 2004/ 085928 PCT/ US2004/ 008578 200.
the IR ELSUEE TP, PehRs Sid RRoray 331 SEgh i -

handlifysystanmehaming twestyefalirdaib enitsc208dF iCh 4tshaws aI Bx8 faradrraydan section in

the alfs rﬁ%ﬂ&’llnﬁ%ﬂétg%y%\g@ﬁ%@?ﬁ?{fah nEé 266 )|é| eéjB)Iﬂ‘En aLay fan

arra
sectioh indhe airthandliog system having twelve fan units 200 FIG 6 shows a 3x3 fan array fan

section 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 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 plurality of fan units 200 that are arranged in a
staggered configuration (as shown in FIG. 14) in multiple planes. It 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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15

5 horizontally or vertically or in any direction

perpendi cular to the direction of air flow For
wex@nps®28 i f a vertical portion of air duct i SPCT/US2004/008578

functioning as the air-handling conpartnment 202, the

fan array may be arranged horizontally. This

enbodi nrent woul d be particularly practical in an ai r

handl i ng conpartnent for a return air shaft. It shoul
200. Yeshesiddae nated theh altiiough shewn Bpstream freny thedam HYitsR00; the i 'ter bank

122,952 E&ifd BL H¥@NstRARD 10 220 |n which the fan units 200
are positi oneoﬁ For exanp he fan units 200

be
si t uat dishoyld heyroted thatan @'Ee"ﬂﬂ“éﬁ Grbodienh ot Y5 | hxlt'%?@ta"v
arradg@li €n é}l'é%’ln Wﬂbt%é?wor@& tﬁ@éﬁib@blhl\énw gnbivA in PIGS nlatconldeused

iy e et e e G SRl B S vor
exanww \Pdml petfich ofgir diet i f@&ﬂbmlﬁglaﬁfheéau’ﬁhaﬂmrtg co'ﬁ’fpartment 202, the

oy BRSSPSR SRS o Pt

air haleiiing terhpartmer braattuaf ait siwdftt at i on, and are not

S ST P L VP2l SRS p ey pan

220 inmhiohtthe fani unitd 200 amcbczs'midnéd. nirar@xampleythar inits@0Qimeay be situated in

the d%gﬁ%rg% %‘é&ﬁ% %\}Egg$ g?o%‘f‘%@%?e# g%%én?lf%l Zpﬁdréa%g g/%ﬂQ[?’eSl?n%t plenum

212 gicr pantiail Withip tey dischargopipning 2@ It sQOL(Iqhylsgbe |ng@gtthat m@@r-handhng
comé%éﬁ?b%fma? béP)seEl"f’dndof%fr JxaaSt three fan units

arranged In’a ic) an air-handling
conpar tTh.eriﬁrmﬁ any @XPWﬁS@ﬁS tat Bevedheenamployet it e forageiag

speclﬁ%atlo'ﬁ é?@éééd Shedhns @F’Hés&;ftl% aAd Nt dF AdhitSRIM B Aot ﬂfended to

controlling said l'east three fan units to run

excl@@@gwﬁlpmqf;hede@mreéfshpw ew& gescgbed opportighs of temy r?héyscope of the

mveﬁt@n iS@ink@and Imidt GHIY b e@limgtrayfllew) of claim 1,
wherein 2 said at least three fan units are plenum
fans. 3 1 3. The fan array fan section in an
ai r-handling systemof claim11, wherein
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2 said air-handling conpartnent has an airway path,
said airway path being less than 72 inches. 3 1 4.
wab@4fosinarray fan section in an air-handl i ng BEFUSI000608578

claiml, wherein 2 said at |least three fan units are

a plurality of fan units arranged in a fan array

configuration 3 selected fromthe group consisting of

4 (a) a true array configuration; 5 (b) a spaced
WHATABtIEAMMEPrI&Y configuration; 6 (c) a checker board

array configuration; 7 (d) rows slightly offset array

configuration;

8 (e) colums slightly offset array
confi gutat i dhfangmgy fan *{chw'%\'"sal"aadfg"&’\gﬁ“%?yrs comprising:
conf i gU(E;xti i jeasbihrek fan udie fan array fan section in
an air-ha

ndl i n stemof claim1l herein 2 said at
| east t®)ee qagﬁatigﬁs% g"%ﬁ'%"b’f’@%?ffﬁ'?gﬁﬁg‘ ?ﬁ"@l PR at | east
two ver(g) caldryaibhdranggcorhgertment wvithin which sdid fan baay af faaynits is
fan section in_an air-handling systemconprising: 2
(a) an air- PP 8 npartment; 3 (b) a plurality of
fan uni@y; 4an(anaysantiolel for abmttoliingfsafdeat laast theeedfan aniipetd run at

in-a fan array;, Page A 04/ 085928

PCT/ US2004/ 0%%%@5{'3%9@8%'2%%\% an array having at | east

one fan unit arranged vertically on at |east 6 one

ot her fan ungt. e K: ! tob B ;

cai'd ai 7 hanls et irSy oA 2eltcriR ot g g pRES ik 1 Bnerei
said tlrastdlyee fan units are plenumiangl i ng system of claim 6

further 2 conprising an array controller programred

to operate said plurality of fan units at peak 3 . .
ef fi'ci ehcy. Thefanarray 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.

4. The fan array fan section in an air-handling system of claim 1, wherein
said at least three fan units are a plurality of fan units arranged in a fan array configuration
selected from the group consisting of:

@ a true array configuration;

(b) a spaced pattern array configuration;

(c) a checker board array configuration;

(d) rows slightly offset array configuration;

(e) columns slightly offset array configuration; and

® a staggered array configuration.

5. The fan array fan section in an air-handling system of claim 1, wherein
said at least three fan units are plenum fans include at least two vertically arranged fan units.

6. A fan array fan section in an air-handling system comprising:
(a) an air-handling compartment;

(b) a plurality of fan units;

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

Page 17



N
o

W 00 N O O A WON =2 WODN =2 WUN -2 D OON -~ 00 ~NO O,

4 1 8. The fan array fan section in an air-handling

systemof claim6, wherein 2 said plurality of fan
waniosssmee plenumfans. 3 1 9. The fan array PEIUS2004/008578

section in an air-handling systemof claim®6, wherein

2 said air-handling conpartnent has an airway path,

said airway path being less than 72 inches. 3 1 10.

The fan array fan section in an air-handling system of

cl ai m 6d) whesaisi fan agay havingatieast pog fagfunit aapgsd veriigally on at least

arranged i n @eofotibr & @it configuration selected from

the group 3 consisting of: 4 (a) a true array

config L(regt i $idid fan apgy posifioned Withigisaisk air-kandling compartment.

configuration; 6 (c) a checker board array

configuration; 7 (d) rows slightly offset arra . ‘
conf i guf-ati ofie f@n %@%v {eBisesian 12 Ap ginhPaBe syslemeat cigjm 6 further

comsiRiNgl ditHritlyicontrolieP Brogfinrhdd © dplrdg §4ie BIuPAlBdf fan units at peak
efﬁci(e:r?cr;l iguration. 10 Page 18

8. The fan array fan section in an air-handling system of claim 6, wherein
said plurality of fan units are plenum fans.

9. The fan array fan section in an air-handling system of claim 6, wherein
said air-handling compartment has an airway path, said airway path being less than 72 inches.

10.  The fan array fan section in an air-handling system of claim 6, wherein
said plurality of fan units are arranged in a fan array configuration selected from the group
consisting of:

(@) a true array configuration;

(b) a spaced pattern array configuration;

(c) a checker board array configuration;

(d) rows slightly offset array configuration;

(e) .columns slightly offset array configuration; and

® a staggered array configuration.
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