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FAN ARRAY FAN SECTI ON I N Al R- HANDLI NG SYSTEMS The
present application is a continuation-in-part
wap@sitegss on of Patent Application Serial NunmbBCT/US2006/009842
10/ 806, 775, filed March 22, 2004, and entitled FAN
ARRAY FAN SECTI ON I N Al R- HANDLI NG SYSTEMS. Pat ent
Appl i ca / /) '
nonpr ovﬁéﬂﬁ%p‘%ﬁﬁc Elrg}[gllg?gan@ﬁm%lggng |StT Et%%ler
35 USC Section 119(e) of U.S. Provisional Patent
Application Serjal Nunber 60/554, 702, filed
2004, dri RiesER RRPIEANPIARFAORIYEBATN G %PP'Y%G%O“ o Patent
AL RS NGB t i it BH I ARRAY
Appifieff SIS LNTREP T (% P R | 02 A, SR ek
FAN SECHONIN AIRAdeNDEINGSY SEEMSon Pri@fte)pmicatibrsSerial Number

010G s 81 SokaiCPRHSE SBeSR0 b oEHERS S Sectin
119( A wSohbPhieht Ah &é‘b&!ﬁ%&'@él NPAEME0/5h8, meﬁ%@tMarch 20,

pplication is a contlhliation-in-part application of
2004pand katited FANDARRAY BANSBECAIONUNMBIR-HANDLING SYSTEMS. Patent

PCT/ 2004 00857 i March 19.. 20 ntit.led
APPIBENPTRRAY HUTIPSECHIEER. 16 TrtAopatrislii et v i qiainti tne
beneﬁf ﬁﬁé‘é}t?@@@@ Saktich1 1 S(el 8 89S Ao fRibridl @a“[@ntmpp?khtltﬂn Serlal

fromthese applications, the disclosures of whi

i ch
Number 8B}564dike § am&%meanﬁ@ngtlw EﬁN ARRAY FAN SECTlON IN

AIR- Hﬁ&@rﬁ NgiS??WES%:%é%’Y%H % ng ﬁ'Puta.tlon-m—part

applt@léﬁdri @E@CWfPa%BnﬁAppllb@ﬂdh ISegiab Meibreser %T/UMGM(U@SR filed March
an air handl er ave

19, 20bacund enilied FASARBAYFRY SeadiONoN BR-HANRIRE svsTEMS. The

presérﬁoéﬁmé%ﬁ%rﬂs@d‘s%?e rﬁ {ﬁi@él%ﬁ'ﬂ ggoﬁ@ fr&é{tﬁ%&%‘é? o)awgﬁ‘g, the

disclogwrés d)é&/h&fhm@rimby drpliegslydntarporatid thegeinh thgrreferenceer
to condition air as part of the primary systemfor
ventilation of structures. The air-handling system may
contain conponents such as cooling coils, heating
coils, filters, humdifiers, fans, sound attenuators,
controls, and other devices functioning to neet the
needs of the structures. The air-handling system may
be manufactured in a factory and brought to the
structure to be installed or it may be built
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on site using the necessary devices to neet the
functioni ng needs of the structure. The air-handling

wa@oeopdnds7aent 102 of the air-handling system i nECT/U8806/009842
the inlet plenum 112 prior to the fan inlet cone 104

BACKGROUNDeO# IS/ENDON! enum 110. Wthin the air-handling
conpartnent 102 is situated the fan unit 100 (shown in

FIGS. 1 and 2 as an inlet cone 104, a fan 106, and a

it n ko paRet PR R A Bl BT So R RPLE T an

air-handiiaptdystgnmeans, and associ ated cabinetry). Wthl n the
fan 106 is a fan wheel (not shown) having at |east one

bl adir-hardingrsysteras (dlae refersd tarmsean auréiw@d@r) bava traditionally
seen w83 A SRR 3508 QBRI RRSELPLERY ). an

air-handbihgtdystenais défiredd ag laestrdlbtmmlhatnacloﬁes Rempanehisndksigned to

t 10 h h dth, and airway
work toqegﬁgﬁht fig: lfﬁba'?iéﬁ % Jhﬁ%@na%ﬁyﬁaﬁ@f@mﬁw@n of

structuréft o %“r—ﬁan‘ﬁjhhp%gs@m Fr?a@/ ?fﬁt&ﬁ’n rie(ﬁts %uéﬁ‘%’%o@fhg coils,

exenplary prio rt air- han I ng s
heating soitsyIfilfefsamumidifieds) Gars) soard iatteanatrs -domiadls, 2gd other devices
the fan unit

functionfigeBThE€HBk, ey afdhe, SUrbEE. »BRe ¥ nding dystegnmarke
manufactufgf ifra ﬂé&arylaﬁ‘fdgﬂ{)uéﬁtr t’é%érs%cuﬁé Y %%@t%llécﬁ L%é&%e built

greater air volunme, Or structures requiring
on site ysggther @q%samﬁ@ec&m’@sﬂgeh’m%hytlme@ adeds Io&ﬂmstrljcaure The

e andlfy ol M D A SRR APt g 12

prior to taerfanaﬂdi ¢are COMBAH theaisch8Ryd SleRURST ANt NaHiY tHY érr Hﬁﬁdnng
to a di scharge pl enum 110 and an inlet plenum-1

Compartm?élt d8atls aiteater doe fanyenipl 08 ehawo imAtG$ he andi2eas pn miaim:one

104, 708 3P LB P A R B

function aﬁthsshfmr()e g. tdmnperrbed:orﬁfcﬁ@wfﬁtthﬂxé m@énwalhtila’ﬁsbma%d babinetry).
hfe 2and partially with

Within t ?Ehﬂzlﬁg leBiied oot Wfﬁdﬁv'%ablﬁaﬁh@n%b% The fan wheel

has a fari%ﬁﬁe‘eﬂdlé‘ﬁhé{@r H?Sr r aliidd ﬂ&rﬂ dr% 8a8!k 'tl?@sgte%&lBﬁery of the

eneri cal to as ran sec

fan wheqlitp the apptdSItﬁ/&defoéltlmmleten peaphérwdféthe fam Whﬁez eTlod dtrlg@nsmns
the size the

t cone 104 ze O

of the halplify oS8R Bkl 1 wEbarufeioht Segfi Pf‘gr?ér"\@(d?“@l'i'@(}ﬁ)
determin@tl B)B@tﬁisuﬁﬁfgt fafl hinGrRERf &S eath H6r henghd offart Hsleieh VY

pat h
FIG 1 shows an exemplary prior art air-handling system having a single
fan unit 100 housed in an air-handling compartment 102. For exemplary purposes, the
fan unit 100 is shown having an inlet 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

correspondingly larger air-handling compartment 102.
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Filter banks 122 and/or cooling coils (not shown) nay

be added to the system either upstream or downstream
wobtobhetB&N units 100. For exanple, a first exeaplUszge/009842

structure requiring 50,000 cubic feet per mnute of

ai r f | mysisbwaiink F(G) 1) A Behanalid congarticd?1009s Wabsdntially
gener al I%are gquire a prior art air-handling conpartnent

divided 1rmts_» 3 disglargadlgnumo! Hoarkan et plasumi hizk! The comblo@l discharge

o GRS R 12 AL A FAERE iy gef 120, o

fan unltalliﬂﬂl]r oAl et sHuptPin memmr@@;?_@nuﬂﬂﬂ 0 @s%howighge lme@lﬁlenum

106 to 112 inches |on he m ni num | ength of

112, Orggrﬂaﬂar\rﬂimmw%mﬁm@m@ntﬂ cndapritially wnthwdiaemcrham@ plenum
110. ngbﬂlogﬁfqhétaﬁ%‘} f2h RYB'il AR fﬂg | . a(ﬁf gﬁ%%hﬁ)ngﬁrmay be

ot or SiI ze,

generically refatredéd asithaé fangeicties’ (ﬁmated @Iynéwmndjel hamer@Ir114). The

size of g1 ple? 4936 Aadc T 0t 11 2B 100n s Bgae Mmofar 1Gkhcnd the size of

the fan ﬁ'éﬁ%r nﬁ?gﬁé\hhfé‘t dleggtr ﬁﬁﬁf?&@ﬁearf\m%etﬁ@ﬂgn@gﬁrgﬁh@%\}fwa& path 120.

SEructure Tnciudes a Fecrrcuratlon i er “use
Filter bankm @ﬂmuﬂoocodm@ gilar(metghdwgahay beatdeddothe sgstem sigher

bi f e at two (2) inches water
upstreaa‘h%r é{ A %ﬁ% ‘ﬂ'ﬂ?n e woul d g(geZ]eraI ly require
a pr IF‘b’r e&éhp@é ra fiandké MYy %fr@é?uﬁ%ff Wi 50 '?)@)@dédtﬂgfeet per

conpart nent 102 | arge enough a 44-inc
minute oingieflowmat s 23 lﬂt&mawﬂegag@pc&asuammlo&lq)gemnahg require a prior

d 10
art air-neh AT 0 part et Thp i BRierLan 15 Paubh & SO TR e cn g oo
horsepawtestow el sishding ﬂaﬂrﬂﬂvdrl%ch'ﬁ% prifRGrt di hﬁaﬁhmg@&*npartment
| engt h of the airhandling nmpartnment 102 and

102, in tgrn w&yldpla@ ﬁpmwm«@tﬂwz@me@tm@t@byw 4dan#7 mm;s wide and 106

o 12 ROV T B K BB e L5,

airway patiertRDavould beatictatsd by plibigaiedngannfagtureRaddthifoga given fan type,

tment 102. These rul es are based on
motor S%ﬁfg’ﬁﬁ %alP'fC@WOHr &yiar & erhinetsizng gyidasraiavaexemplary ages for

configurfig :S’r'i aﬁ‘-rﬁan@Lﬁg :‘&Bﬁ‘ﬁJa‘rf?rgerﬁW%)tZe “ﬁwé%%"r‘élé%% Hﬁs%kagﬁ%%tlmnzatlon

I ncludi ng t ow ng exenplary pro
regulathrtsalandsameen(eant@lorst ructure space) is extrenely

eXpeE?)'r \elgample a second exemplary structure includes a recirculation air
handler used in semiconductor and pharmaceutical clean rooms requiring 26,000 cubic
feet per minute at two (2) inches water gage pressure. This structure would generally
require a prior art air-handling system with a air-handling compartment 102 large
enough to house a 44 inch impeller, a 25 horsepower motor, and supporting framework.
The prior art air-handling compartment 102, in turn would be approximately 78 inches
high by 99 inches wide and 94 to 100 inches long. The minimum length of the air-
handling compartment 102 and/or airway path 120 would be dictated by published

manufacturers data for a given fan type, motor size and application. Prior art cabinet
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the larger size of the air-handling conpartnent 102 is
extrenely undesirable. The single fan units 100 are

wezpensi’d® to produce and are general ly cust onP@T/O8200€009842
for each job. Single fan units 100 are expensive to

sizing goides ahew ex@nmglhey futes fonicoafig@thgar airredridlingeompartrhéest 102.
they only Qave q?Pt'i mal or pegk efficiency over a snall
These rillgstarg haged CRAQAINYERYCN, irAgUiatAR®R . and experimenipiion.an

unit o) ' [ iid Qni

o1 THERE RIS dictihaidRsRicric B hadPBdble AR IRy dihg the
following e@empldrgpdottlemst t enuate. The hi gh mass and

turbul ence of the large fan unit 100 can .cause

undedi r abiBECAVSR B3 SsTatede ghEIrHElie sEace)is exlemely expensive,
necessi a?ﬁélhafr é{f&i%{hg?@%ﬁ%@ﬁﬁﬂ%?%%ﬁéﬁ@ 12%}@ Extr?mely

with two fan units nt acen
t o each ouhdesirdbdleshoul d be noted, however, that a
good engi neerin ractjce is to design air handl er
cabi flets d4R8 S&?ﬁ%ﬁ%ﬁ Hel%ﬁ@%ﬁ% exXRensive ke Padneeand.ale

to facili I j g oss the wdth
and hei ghpégérﬁgﬁgﬁﬁgéq’u%&fﬁ Fgﬁi‘ﬂﬁ'ts 100 have
beeneut i | Sirefle Fdrearits hed are expemsvgtd op@site.i ction and

the unit i s designed with a high aspect ratio to )
accofmodatinddéaryerits 480 areineffigient indhatban only hawe optimal or

G eenheck P?b}gléﬁgiéb@; Rlor %‘H?ﬁ }Jﬁﬂioﬂ% thBk BbERARG G ange.

Manual , " e installation was

cont enpl atfedsingleefan unitr B sireaks idown) #idreds henrsir ésnditioning at
arrange the fans such that there was at | east one fan

wheel di afbt er spaci ng between the fan wheel s and at

and tho. vl P Fe@int) EBlnd REFR o EHIRALI ATE 14 o

even specgfteromdtey states that arrangenents "with | ess
spacing wi_ll experience performnce | osses.” Normally,

t he i r hahBeigh @ass anddHebwencenahiieilagedanptit Hithean cause
102 are dgsignesd obridii formvelocity

Height restrictions have necessitated the use of air-handling systems built
with two fan units 100 arranged horizontally adjacent to each other. It should be noted,
however, that a good engineering practice is to design air handler cabinets and
discharge plenums 110 to be symmetrical to facilitate more uniform air flow across 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 with a high aspect ratio to accommodate the
desired flow rate. As shown in the Greenheck “Installation Operating and Maintenance
Manual,” if side-by-side installation was contemplated, there were specific instructions
to arrange the fans such that there was at least one fan wheel diameter spacing
between the fan wheels and at least one-half a fan wheel diameter between the fan and
the walls or ceilings. The Greenheck reference even specifically states that

arrangements “with less spacing will experience performance losses.” Normally, the air-
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gradi ent of 500 feet per mnute velocity in the
direction of air flow The two fan unit 100

WwW@Rooched1ds i ng systens, however, still substantPel/U§2006/009842
suffered fromthe problens of the single unit

handling ¥heiniraAg %ir—ﬁ'érﬁjliﬁg%ﬁ]pmtrﬁémomﬂ éﬂe‘}%éoéiqné&ﬂ%@%t&g@?mt\yelocity

. I'ncreasing the numper of fan units ) Tromone to
gradient abS0G-{ratiper minwe valkecityan the direatim efeait flow. dittsi twict fanaunit 100

airhandlfly e B fo il Uyl SHTbRR f5R BF aifefidtne
single uhitlemebedimeatd. STheedvaoHo decddritivipdadrantigss oW I résing the
noted that el ectrical devices have taken advantage of

numbergfifan gnits {188 feaps onado §ya+ Exstherdhe &uafan enit 108 septier exhibits a
. . ta. inlef |
oty Sl GRIR PR 0l PR BT PR\ TR eCroatos

unevenemﬂmmaorcosbémeﬁ,mtle;,cuﬂdcshaim ateshuabbrishough fgrrg of the
advant ages realized in the Bonet system wou e )
r eal i“z%%Plﬁ% bemotes thal gleciyeal lecﬁﬁi\aéeé@@%a@mﬁ@%@f multiple

on oot ARG o Bon sk Pk TEH SYB LD BEL Ot

fan moddilarezioling cohwamenpfdr ifistaltatioadh riatiplecceansarestitfibay electronic
ot work to

. dey The, B t A |
oo LB B g P A Ll L 121
ool ot 81, NI HETegS )y R
system isglqEigr@tblselenijitate elgctronicacompamentracalisg byrdinestingithdoutput
rom o BELEETEoRENEDeh b6 TR ARGt o e

air flow foealDbéviegainmsie difectioh oPheMErdil BE floe OffrRtert8Sukhs U.S.
t_in |ow systemresistance situations where fans

Patent N%gfgﬁézﬁﬁ to Simon e lél& iRadent Na=dt, 388.86pIte Fl-Sihahrashy et al.
teach faﬁia?}g&sﬁeﬁuge wah éf{?{%ﬁ?r{i&ﬁm' ch they show two axial fans
oper ati ng el,

I h para ut specifically state that if

"t heEpanah tred cdrapeteraadapathing industdss, hogeer, Bp=rgtiRg fans in
resistance that [an] enpclosure has, . . . less
parallel is, g} @09 RSt ERRPLSYITNG the desisad absulls piaspbjilout sysiem
: P @il ' i nst: i f i
osstand Shi i PRB 530 bpb A6 a0 Bt 0 LRBTE. Suror
Group hét ghiBela paie sewhidli thely ishoertyo axial fans operating in parallel, but

speciiod) 8 St B e O S 458 bl e revsstance tht
[an] enclobifé¥ras, OF . Tdds ihBERE lihow results with parallel fan operation.” Similar
examples of teaching against using fans in parallel are found in an article accessible
from HighBeam Research'’s library (http:/stati.highbeam.com) and an article by lan
Mcleod accessible at (http://www.papstplc.com).
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The present invention is directed to a fan array fan
section in an airhandling system The fan array fan
W@ e@bile1735 ncl udes a plurality of fan units arrpomes2006009842
a fan array. Each fan unit is positioned within a fan
BRIEF SuiMMaRMOET TIHEI INVENTION an unit chamber/cel | has at
| east one acoustically absorptive insulation surface.
The insul ation surfaces of the fan unit chanbers/cells

t oget . S ves from .

t norIIR pieRpt yERRTRAtod R G fan HBHD Son §¥6Ean il
handlingtsysteast Tharfan afrby fah sectivat echigles kepluraing of fan units arranged in a

t he ethrougga,ln one preferred enmbodi nents the fan

) . a v a
fan arrayn; Eagh AbEnit iepestianed wEhn e vyt ehambamcelhdEach fan unit
i i : : .

cham BN PR LRI SR8y FOAHESFRos T gpsulation
surfaces of the fainrurdhchamiersycslis togdther fonel aideslanapsilelert Boahd waves
fromthf n un{ts arra edri] a fa ,arra\ﬁ and &ositio_ned L.

Bt asing {ebiig the losHigiih safiece ehsast prdilisgissipate as
they paSSTRRASIFPOUGHTBY e prAEreH e?{tfo@l}’mé%ttﬁglf%ﬁ UnR'cAGRBER is a

to operate the plurality of fan units at peak
cell havigigra g’amectynat Shppgtuthal insylatién arfaces.t s nay be arranged
ced pattern array

cont 1yEERBRC SRR R uBred 5 B1a8 akigan seelon it an air
handling syétef thabirciudeisl plurdiity 8Y fAPiMitOavrahdin & RlHaRsy and

.. Slightly offset array configuration, or a staggere
positiongd vathin: aR dillghandlingreompastmente Jane grefetredtemabodiment may include

an amaf Mot BlooraFRhel ondals BROANNIRGR BhulTa BerB prEoncy.
The plutality 6ffah amits gnalebaiatetigde 96 titid amaptohfigurbfivie s spdted pattern
en_in conjunction with the acconpanyin

t ak
aray cogfigyiatigy. SRNErkaESER ATIATIGCDRYTAEOREEFe:s ONliTWifse amag
contur SN o ST SR SR oM aPY b Bl
configuratiomi n an air-handling compartment. FIG 2 is a
SRR g e Bl LS04, e
inventior &l §€ﬁﬁdr@ﬁeb§ilya@n@ér§m¢d?ﬂc@¥§cﬁ&ﬁi8§ of e ﬁ!l&\?/ﬁ"@{ detailed
h sma Wt hi n

i nvention having a plurality o an units

descriptigh cfithe inveationgakempacomnction with the accompanying drawings.
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FIG 4 is a plan or elevation view of a 4x6 exenplary
fan array fan section in an air-handling system of the
w@e@sani73s nventi on having a plurality of smal | Ppé€BDS2006/009842
units within an air-handling conpartnent. FIG 5 is a
BRIEF DESTRIPTEORVAF ITHE BERVERAL &/ |BWS ©feTREADRAVRINGS ' ay
fan section in an air-handling systemof the present
invention having a plurality of small fan units within

ntion havi smll | |
ol evi B 15k e FRIPH AT ERemp Y prr aft i system having
a singledaefd fan uni ithinian-dirhdhding sorapaAmeht.t he present

invention having a plurality of small fan units within
an aiffGhénRirinegSRestyaMeW e anExemplaryPrier @ridlargs fan unit.

el evat )08 ; Vi : r : :
o, V08 ROl ch SR, ol ef el an -
handling systatr ofithbavésentanyaniioal iawneh pluralily dfamalnfahsunistwitiin an
. n air-handling conpartnent. FIG 8 is a plan or
alr-hand@p@\pgm Mew of a 3x1 exenplary fan array fan
secti j | br b NG f :
 ThventPon B br BROGT e £ I bR TAF Biray fan secton
in an airgrarglingrsystging 0§ theoprresenhiementidh avigissplaragiityof small fan units
ithi el evatign view of an alternative exenplary fan array
within af gﬁ'l?étﬁ{i. TPFOMPEINSr - handl i ng system of the present
i nverG o8 id 8 pidH 6hel@vatio el o £5x5 @éﬂnpia?g 4] LSy 4 section

) .arranged in a spaced pattern array wthin
in an airdyandiing gysies b nesent inventian having agplptadity of small fan units

oy val i i alternative exenplary fan array
within al.féﬁ@éeﬂgﬁﬁ%%oﬁﬁéag&n%ﬂr -handl i ng system of the present
I nveRIGoRid & pidh ehelavation Ak of PEx4 BREMpiaA) faMbEray #1€ section

, .arranged in a checker board array within an .
In an airfiandiBg gy stes ebihsprerent invertionhaviag a piuralityoef small fan units

within afgﬁwd?ﬁ%\ébﬁwawmém_ alternative exenplary fan array

sec an air-handling systemof the present
i nveRt®.ohis aplsim ahelavatiar dbwtof 208x3 m@érhpfaaﬁ famairay #iresection
thin a

in an air—i{a:n?:lﬂg& gﬁtga{ g{;ﬁsqu‘rlﬁg%#tigvggtlfo%eﬁav%gr gyplm’ality of srrrl]all fan units
within an air-handling compartment.

FIG. 8 is a plan or elevation view of a 3x1 exemplary fan array fan section
in an air-handling system of the present invention having a plurality of small fan units
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 smalll
fan units are arranged in a spaced pattern array within an air-handling compartment.

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 a checker board array within an air-handling

compartment.
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FIG 12 is a plan or elevation view of an alternative
exenplary fan array fan section in an air-handling

weyahbam7es the present invention in which a plpCBUS10$6/009842
of small fan units are arranged in columms slightly

of f set|Gannay ailamonerRVatbh vigandt ?ﬂgltémaéw@ﬁ{plaﬂf% array
ar an

13 is a plan or elevation view of a 5x5 exenp

fan sectign yan ai-haseling systamaaf thierprasenf] invientiopsinevhioh atplerality of

sml ef iR e RO e M R L AN b e b
comparfrhént. 14 is a plan or elevation view of a 5x5 exenplary

fan array fan section in an air-handli r;% system of the
pr esén- il Qe AtRIFhOF aleNatien Xievaober afiariatiye iyemplary ign array

o soof 5P e SR o BT B PO
small faanumity dramrsegetddm coluinars slighthatidet agag wathemaekirthehdling

resent invention having a plurality of staggered
compa M fan units within an air-handling conpartnent.

FIG H&. 18 idaRpdsarskl oy VRW &f V@}ﬁ?ﬁ%ﬁ(@%ﬁ {¥ah 8fay fan
array using a grid systeminto I'C antunfts are
section inpamaischandli®y systensokthpeprepent inventidrenunafngeal 5206 raaibatiyty by
. fan_.arr using a gr,id systemor nodular units each of
turning g,REHPN (ﬁ‘gthggggsgan@gq %R‘P%‘Qn@g]ﬁlﬂ‘f fans®fhin its own fan
uni t a ' ; 5 i i
bl oy 8 pr Svatorhvisosioa SRS bkelark fifiaftay i

section isyan aifmheadiing systear ofthequesentdsventibe funomgeatd29%b icapbtiyy by
: t] terial ., FIGS 19-23 are gross-sectional
turning B3R} orffe Bkt By 2 BTPa LTS ofr ay syt em o1
moduFRE. 18id a sidet el dnndltdribtiid SkerfipiahpfRSaBdfar §&on in

., acoustically absorptive material show gagh sound wave
an air-handling; systerpiofthepresentinkgotion bavingisaplusatity pf steggatachgmall fan

units withft€ak &lrHanRliflg Sbmf@Knent.

FIG. 16 is a persp;ective view of an exemplary fan array using a grid
system into which fan units are mounted.

FIG. 17 is a perspective view of an exemplary fan array using a grid
system or modular units each of which includes a fan units mounted within its own fan
unit chamber.,

FIG. 18 is a cross-sectional view of an exemplary insulated grid array
system or modular unit system having interior surfaces made from acoustically
absorptive material.

FIGS. 19-23 are cross-sectional view of an exemplary insulated grid array
system or modular unit system having interior surfaces made from acoustically
absorptive material showing sound wave reaction.

FIG. 24 is a wave form diagram illustrating the principle of wave

cancellation.



cancel lation. FIG 25 is a perspective view of an
exenpl ary array of danpeners that nay be positioned
wenalean4BH front of or behind the fan units. DERGI/LED06/009842

DESCRI PTI ON OF THE | NVENTI ON The present invention is
di re¢ed 25@3 a gerspeavtive Yidvabf éﬁ@kemplargl B yehfl d!#ﬁﬁéhéf@ that
system shown in FIGS, 3-1 the fan array f

may be§@§F'P8ﬁdleﬂ\th?h@ fsont-af ok dehing t§?§@@ﬁﬁﬁ§es a plur aI i ty of
i ndi vidual single fan units 200. In one preferred
enbodi nent, the fan units 200 are arranged in a true
array (FIGS. 4-8), but alternative enbodi nents may
i nclude, for exanple, alternative arrangenments such as
in a spaced pattern (FIG 9), a checker board (FIG
10), rows slightly offset (FIG 11), or colums
slightly offset (FIG 12). As the present invention
could be inplenented with true arrays and/ or
alternative arrays, the term"array" is neant to be
conprehensive. The fan units 200 in the fan array of
the present invention may be spaced as little as 20%
of a fan wheel dianeter. Optinum operating conditions
for a closely arranged array may be found at distances
as low as 30%to 60% of a fan wheel dianeter. By
cl osely spacing the fan units 200, nore air may be
noved in a smaller space. For exanple, if the fan
wheel s of the fan units 200 have a 20 inch fan whee
di aneter, only a 4 inch space (20% is needed between
the outer periphery of one fan wheel and the outer
peri phery of the adjacent fan wheel (or a 2 inch space
bet ween the outer periphery of a fan wheel and an the
adj acent wall or ceiling). By using smaller fan units
200 it is possible to support the fan units 200 with
| ess intrusive structure (fan frane). This can be
conpared to the large fan franme that supports prior
art fan units 100 and functions as a base. This |arge
fan frame nust be | arge and sturdy enough to support
the entire weight of the prior art fan units 100.
Because of their size and position, the known 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
supports the notors 108 with a mnimumrestriction to
air
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flow. As nentioned in the Background, others have

tried using side-by-side installation of two fan units
wae@eans7anged hori zontal |y adjacent to each ot P€T/US2006/009842

within an air-handling system As is also nentioned in

DETAILHTR DESGRIPOUOIN OFNHENNMENTION been used in

el ectronic and conputer assenblies. However, in the
ai r-handling system ndustry, it has always been held

hor | Z0mBry oy S R ecRTla 4PAF AR I SE B0 pic

handlingusystelresAs shewnrig RMGSL. 3ekhehé encarrpg fArsacidveentis 88 handling
the air in a cabinet.

system 583 RVl T RGY SAHbS BBl langiiey Uhanicne prafasmashasbadiment,
. ' f i . I [

e 20 S0 30 S8 S0 Bt Drtimonts

may inclutes fdrexxenme paltdrhetive afranfemsentsaslicheadie & ppacdi phttdrniFIG.

9). a chegharieard He e D Brws.STandy et B8at T S ebluomas st oftset
(FIG. 12&},!a ?:lr%aﬂq@;grééé}ﬂ iAvak|dn M%@'ign?!é?ﬂ@ﬁtga r¥§;ﬁ“ fle a%ngggﬂa/or

pplying this [oglc, woul ave
alternatiyerastays othedté rmoagaf aissneanitoersecompredgdisivieonal  f ans

' ont i nued b
| dReuan YRG20b R FERE Btal el heneranEveaiamaay herspaced
as little 4912084 6F NANWHBEI GHRTRER, i@ﬁ%hhﬁ/@péfrﬁfiﬁ%%éhai!ioﬁé ﬁgkal 88sely

fan units woul d have been unthi nkabl e because t
arranged@giay may bedeund afdistandesrasiaias 3% to 6056 ofi avien véwmel

. ' i h e d d to b
ot 8588 U AR R U ot
space. Fbeexdraplenifitae fars whelsnsfehe f4e dnitp00miate 2080 RichtfAs wheel

ent invention. In particular, the APF-121

diame’fe%ﬂefﬁmf inchAspage {20%3 ifinegstad batwsearbenouigreeriphery of one fan

: _ ;
oot abd b B ndA 0 HEEh BuhA (A £BAEkpRES GREkn e
outer peNphersatafanlviteclras detre adaodntwalihor teilvd) . The

reasgn that plen f ans rk, best is that they do not
or o HSH siPaTe i GHS AARb §P i S PR BrapBTe200
with lesPntrasivalstiuaditie 3 f'f'é’r%éz.dTﬁ%rEdri SéJE@rlanPébPE?atﬂg Ié@rqun frame
pl enum fans. Al'ternative enbodi ments use known f’an
that supperits priorr art fan units $0§ endtfonttionseasch bped. This lavad fanfedme must

be Iarge%rn%dsfl{ﬁ heir%{ﬂ&g%ﬁla%ﬂpbﬁrt%g %in lpet ?ve}grﬂwt toP ﬁwedpl)rrigrcat& Parr]1 t?rflits 100.
Because of their size and position, the known fan frames cause interference with air
flow. In the preferred embodiment, therefore, the fan units 200 of the fan array may be
supported by a frame that supports the motors 108 with a minimum restriction to air
flow.

As mentioned in the Background, others have tried using side-by-side
installation of two fan units 100 arranged horizontally 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

10
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enbodi nents, albeit |less efficient, use fan units such

as axial fans and/or centrifugal housed fans that have
w@oeioatig4763 hi gh velocity in the direction of aPeT/ABmN6/009842

In the preferred enbodi nent, each of the fan units 200

mdustry M Kdealhvdlys Mebmheldthat @6reQubbE anﬁlbénthﬁféﬂm Between the
systemis controlled by an array controller 3 (F

horizontedly afcanpey. fan wheeds pneéthatrastngenaiitenith, Iememmnaw"

oxperif8boAbEEnPBsEEY, RSROBTERITEA PRt B il vsin

two of tﬁ@’@gme‘@fﬁlbghﬂ?bh@ﬂlet a3 dauzed rtﬂe alr prefuddteby aReah tS mterfere
200 at a reduced efficiency he array controller 30

with theraif REPdsicrd darthaiothardanurio @iezmeélwnt@ﬁ@enﬁe nr@blﬁnmtln@fans

had to l;eﬁ%)é(jfedt\ﬁﬂ%ﬂ e?tta%rpﬁlﬂ ﬁ"ri < ul&/&r%gﬂl hae{zlgﬁheﬁ%ce between

the fanssafne dfstavoe éf@t%}as(t@ng wleééllcﬁam?tla%r éamiéqfalﬁ étt WNeEBﬂlt%}nélér to an
t er advantage o resent I nvention

adJaceﬁ?gv%{"ﬁa'%\gEWéﬂga Esakygtcomwwlﬂ gnot Sawe m@doecwrw@yto dam_ore fans.

And ev%fgff 'aﬁBlti% anggﬂé e%[rf A& gé'élﬁg wWodlid ﬁavé cﬁla il’@)ﬂie}% to be at

n spee ow ra ssur e,

least onei wieeel fdiameter between fatmeldﬁjrﬂmrsmnhemir-héndlimg dyateralifdystry,
stem Since

verticalty 3Fackfric e witRobaiie Qv Heen A ER HReauSe ae mapnsvier
securlné‘tH’é 1) dnﬂ&gﬁo@fi riok A¥VE @g@@yc%ﬂguei?@% YES stddrmP@h&Phre

oper ating power consume an array 1s
designedub dreapnsitionied oreie fidmroriyje act ual oper ati ng power

23 2 ts i éﬁ% bt? E\Z»tejcf {FE\?!i abl lteelng |gndtbe)aléerfeg§a ?@n Hglt 200 of the

present ird@utied. zmﬁeﬁ%urwl the AIPE-1Br1, AP I APF 816138 d it 4 88 lenum
sized to the actual power consunption of the fan array

fans (pagjieiaristhe fiaa vmel eoditee famaere) pragueed by Jedn Gity Fan

companf@ 951 UGRAEDR ARl 0@, AESRA) BB 5 T

reason thiat plenper fapserdrkibeat isGadeths @qid h@t?@ﬂace PoirkxanRigh locity
plyin 000 cubic feet per

t f d
such as %&ﬁ erogkicsd :b?'gﬁtX'aise%nﬁéﬁ 59%%%0?@9%@%%@&ﬁmeeleﬂum
fans. AIRARNS ERPMRIMER erse"’l{h?) %rﬁ@%’r“?ﬁﬁ uhfts éﬂd ?é devgl%ﬁed
new I nvention w or BBl y use an arra
that will aohpicsleperkgh Veibatysgmdmer&s B tHeodisexptionwedf arftaw. Still other

embodlrﬁergt%,r g{pgﬁges?’sto%gci-ﬁ[pi g‘\éﬁ rﬂ%{ltg nng lg\é,eqs,}%a afs ng}orll%entrifugal
housed fans that have points of hlgh velocity in the direction of air flow.

In the preferred embodiment, each of the fan units 200 in the fan array fan
section in the air-handling system is controlled by an array controller 300 (FIGS. 13 and
14). In one preferred embodiment, the array controller 300 may be programmed to
operate the fan units 200 at peak efficiency. In this peak efficiency embodiment, rather
than running all of the fan units 200 at a reduced efficiency, the array controller 300

turns off certain fan units 200 and runs the remaining fan units 200 at peak efficiency.
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systens including, but not limted to real estate,
reduced production costs, reduced operating expenses,

wo p@caesesl ef ficiency, inproved air flow unifoP@i/U§2006/009842
redundancy, sound attenuation advantages, and reduced

In an al\drfatald embodipmdritotHesfainunits 289 corid e f@dl at Heedfhakower level

each of the fan units 200 in the fan array fan section
(e.g. efficienayeangd/er #amdrien gf spetadieni s control l ed by an array

cont 8148 SRLELCE B A W ey convoter 00
(which rah¥ ibei £vgiyablé rﬁrdqhéﬁcybeﬁke eV FDY) srelyfor BbRELINRE fan é@éétﬁénd thus

than running all the fan units 200 at a reduced

flow rate.gnd prasruye. gt @er%ged:t%ttm% prigial Brke horaepeweroitthedan array
2
fan sectgfnrf %ngtﬁ%t(@r' Ig?ﬁ(%}@gk e#{m %Qn@é‘gﬁl i Pg%‘?ﬂfee%' \Qéﬁ‘grrgg%an be

I'ci ency. rab e arr
optimizexboverd vide 20 el of flw EateS)andtplrmsdresL thmdc&a?@@eratmg power

crsmg Bk i RSN e Rk vl
Consum§HCH“y e aréBI‘éV}ﬁ}lldrﬁ]rF él%anéhr}%gystéﬁ@ %n‘& the ePr?éf&throller s

desi'ring to contro e array desire
power couldure reduced\asicoadinglyr Thiecavrayacoattdler 306fcoaid bé Isized to the
units 200 to [

actual pBYIRE Bopg TP PBH b rfaneiay Whivelss ffesenicen (eigh drambave

been a @Iﬁblé ﬁéhﬁén&?/@ime)tlﬁ% tFéHlﬁéﬂél'd%ldrﬂ/vM@lH't%bélﬁeé“td the maximum
vol une s%/st ers, which is nost structures have,

nameplajgirgtinghe tﬁmgtororerﬂcactumlt@odmoeqw@meréa Ao exsenpleloé a prior

art an oSG KhPAYIAS SPREL e fost B b Gl 48 hele erpssure,

would reqgire £ 50 h@md;ﬁ)v\?&%@mr bhﬁ%dmse@{/vef @(‘Shtrtﬂletr Zﬂ@)newmventlon
line (an "OFE" fan unit 200) individua

|
will pref%r@Lly yse @@; afray T falrtesn 2 hopsrpayerdnetoss and @5@ horsepower array

fadwctively elimnate the need for a variable
ContrOIIe?3foguency drive. Simlarly, each fan unit 200 in a 5x5

arr thlssaBeMt%mséolvmn*tamyaif thoyesblemd gities peiesart Hirdiandling
systemto take

systemsyiagutifos buboelumited fadeshasBRe, TGS PToshistan Goa. resluced
operatmﬁ@&béﬁée@qmbagé@%@cﬁémf Ofmpﬁr'o'ilgala?"\‘lt W Uﬁlf&‘?\tﬂbﬁ r8d®Hdancy,

air flow can al so ecofro woul
sound aigeryiationl advantagess anglreduckpebdititn. on t he systemit is
possible to create a pattern of air flow only around

the edges of a cabinet or air only at the top.
ControlldBiltg! | y,

As mentioned, preferably each of the fan units 200 in the fan array fan
section in the air-handling system is controlled by an array controller 300 (FIGS. 13 and
14) that may be programmed to operate the fan units 200 at peak efficiency. In this
peak efficiency embodiment, rather than running all of the fan units 200 at a reduced
efficiency, the array controller 300 is able to turn off certain fan units 200 and run the

remaining fan units 200 at peak efficiency. Preferably, the array controller 300 is able to

12
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i ndi vidual fan units 200 may be taken on line and off
line. This controllability may be advantageous if one

worooanne3s an units 200 are not worki ng proper| pCT/HSBA6/009842
to be nmaintained (e.g. needs general service), and/or

control f&ﬁ%li@@@mﬁﬁﬁdﬂ%?dm predefirARIgou Fnrlg‘éd MY 4 g?bugfas a

units 200 may be faken off |ine Whi he remal nd
whole. t he systemrenains fully functional. Once the

b by STReTIREANS Britann Ay SR As SRLATR WG . and

14, a pdradn dBkiring26 @ohftobthd Mfdy M) ecReEHESIrdMaR VBNIrhEi A VR of air
structure control systers require |ow vol unes of air

flow, a patterajoaginflomy amdir hnvesanyden upits 2R04o opeeatet Hairpiag first to air

voumo LR IERS 28 3, 501 0 A SHE 3034 8515 gl i

volume syatemmnw ROMEatThostCstHIcturewmers, amg th@n0ideridE fan units 200
The surge effect is where the system pressure

requ'reciS © &’ﬂs‘st thegernand wolld apergied cantral gyai@m (Heaturay etide the

array cdg)tgr%lléf‘g%%g\}fxlé%lég%r 2%%& Iﬁ%ﬁ?‘f‘ a[riéltgs O@’%n Ifﬁtegpégél\k’gagrwlt 200)

and off ke (am“QFHt'é faanundtr2Q0) wﬁcﬂwdaany |'ﬁhﬂ$|abllit%&> ‘c’ulrr faaoelts 200 on and
control | er

o cou e SR e B UL i, orh
fan unit 208 ih B 5k5 Af S} uSSLAN G the RG] ﬁé\ﬂeﬁéré(;%hc%%e 07“”1‘>tf’tﬁé‘%vel of

entire systemis set to operate at
air flow.r Hsisg aacontrol eystem t@taky: fenmmusrmo&ﬂ%ma‘ arﬁaﬂ off lnnetaél@ws a user

ot S5 Ao, AR 5 RS Bpnn

that wolAd bay st bRE Tt drkal léh@e dieeh ks pate eﬁtsa t t
operate at 32% of tnﬂza rraxri%rrud'rr@at ed g?ér/t f Ut only o oae

a patterg @ﬁam iew arny@seuridithe e@@mfmnnenma;eomurm@nst@p eFlnaIly,

ndivicu T3 1 28R RbYakoPofifine o FREEE, 145 SobRoPapiiagmay be

advantagebusif eabes moesfannhite xO0Aramot mtrkmg rpr@berlmedft@rbe
s 200 and fan units 200 as shown. Real Estate

mamta'nﬁﬁe(tefgame&ﬂﬁwnﬁaa{ sgpdeeloAndior need e :berrgntﬂoedg Thecprioblematic
individus %% ﬁf'nté bBO R BQttal%éﬁVﬁhhé’ WhHE %@F f’ﬁd%ﬁ §?5h(e6%(§é%ﬁr{:§mams

ess rea est an_prior ar
fully fundtR;@na( wDnbe tthe individual das enite 200 wrb ecadeiorqispl thay kY bas
%okvvn i.n FIG 1 and
brought back on line.

A further advantage to taking fan units 200 on and off line occurs when
building or structure control systems require low volumes of air at relatively high
pressures. In this case, the fan units 200 could be modulated to produce a stable
operating point and eliminate the surge effects that sometimes plague structure owners
and maintenance staff. The surge effect is where the system pressure is too high for
the fan speed at a given volume and the fan unit 200 has a tendency to go into stall.

Examples of controllability are shown in FIGS. 13 and 14. In the fan array

fan section in the air-handling system shown in FIG. 13, the array controller 300
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the two hundred series nunber being the present

invention as shown in FIG 3) in airhandling systens.
wW@ompanisgy the prior art (FIG 1) and the presBeT/US2006/009842

invention (FIG 3) shows a graphical representation of

alternate§*ONS gH LR PGO ‘éfndt“hﬁ:laiféﬁ\@wtf’ébb iﬁ&?ﬁrst@&mﬁﬁﬁf ﬁatgédg as
man

y reasons that using nultiple smaller fan unit's

shown ssyifiat Swruentirersystesn ig seldd apesateiat\e2jo phthe magimaAGateBaair flow
1

' ' [ 00, 200
but onyRifes, S4BT OB PE BBl Thebs BiRrofr< heSeH of papgwiary
typical fah eperatibhe.in Aldruchirel |G, W4 Wh@gaﬁ Bera§ifag settid the air-

. inlet cone 104, 204 reduces the length of “the inlet
handlingsysiam setdo opepate w820 afjthe XN datedrair fiew bluénain

70 c a ir. fromthe fan,
consumg 78 pERARICR Achuot, TREERImASRGRhRep oL BreshPBne Bica fan
operatiopseis @rdtructwrentin dinis istnisatisican tthe lakyay Wwontrolleh 30E Eed%ed A8econd

rior art_air-handling system has points of higher air
exemplffmpé'éfﬁffyota Fnef@aéirtlts(ﬁ?é) Sphictan wnits 20@ as shawnt he
flowis uniformby the tine it exits the air-handling
conmpartnent 102, 202. (This can al so be described as
Real Estate hi gher static efficiency in that the present
n elimnates. the need for settlin

dound NP Q2R BITERAG RECUT BB G- BN HingrSestoR A20rahihe prosent
inventio YfBFAHNE 684 d"ﬁ ) %O\";@l kb4 H ot egfa]té‘ %é}?ﬁ@%lf%)t/ _dSschﬁEge

transition from high ocity t ow ve
plenumst 520 @withathef hundred tsedas inumbes beinchariot arhgs shetverin tfa@es and
the o bt o 25 i el PR A SRty Sy e i -
handlingt y&terhbe Gopfginhhet fiforiaM @ GPH $aHItH gesf%lilafisr{%mi@ﬁ(rrlc;. 3)

[
reduced. For purposes of conparison, t
shows agjraphicak iepeesantatinneoftbis shartemingiof the akvekopathri®220hd here

are manl RS hel 5 S B B0 R e, bclenB or e
airway pattt t20,@80e)Fwi éxtansie Ueilicindsthegsizdef thie'fah u@rem. 209 and

tructure, an exenplary enbodi ment of the present
motor 1qsﬂn@@ﬁtfﬁéHc%ﬁbﬁdeB@thﬁﬂ%@éliI&Waé%@henhm 110.s6Har Gigilarly,

e bR SR 087201 A AR (N 112

212. Thé tergth of theedipchangegien@nbioldi, 2¢0tcah. aldtbe dededw! BEcause air
clude a 3x4 fan array fan section

from the Farf irdy 5y -S%QIWWHB@%*B@H'@G@/SW ohéeopesshblention is
substantfaliffunform Weisad thd Brlorult bit-rdiind 3§stBR7ASs hEME bERigher 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 velocity.) The fan array fan section in the air-

handling system takes in air from the inlet plenum 212 more evenly and efficiently than
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for each exenplary fan unit 200 woul d be a rectangul ar
cube of approximately 24 to 30 inches on a side

wae@enadi’sg on the array configuration. The ai r R/URZI6009842
220 is 42 to 48 inches (as conpared to 88 to 139

the prior adteshamdlingesystérnrsodthtit tieledgtMesTithe mIEP;BIeﬁUﬁ'PPﬁZE%Qfmay be
onpari son, the second exenplary structure set fort
reduced.py  he Background of the Invention (a structure

[ QU M BE Ak B ide B ind il Bl bR Syfbturd 580l in the

Backgrdmdtgf theéngertiond aesterglrersqsiing GO0G0 catbic st BRrahMute of air
mbodi rren; of the present invention could be served b

flow at &, PrEss{Iffap %N@)q'apa%s BedH GAge) Vil begisern dlkiag th@ﬁrsb;axe%wplary
structuré r‘éﬂ‘@ﬁe%fbflég& ﬁﬂgqh %lf e rﬁ?ﬁ ﬁﬁrﬂ\%tfoﬂr@)lﬁ@ﬁe MY 67a

["oRg e prior
nomlnale)‘tmfdarge plerjum PHO af |890haln®h||ghdjw’{]60/\lg1:¢hds widé tladd 3 @(%3
c
inches IG38) (.63 et U o 1 Infion dnaig e maRy am arabosents). The
dlschargﬂﬁﬁleﬁgﬁp% 0 Guld BEISR a §R% 'Far??ﬁﬁ‘glfa% Yo diith |ﬁr{hé ‘;\%'Orq)a%mg

be a rectangu ar cube o pr oxi mat
system WQ}hé% thehoae shawnde b¢@E d6 higaving t1 Bdfamunity 200nfT IrgUs eddeequired

or cacn BB AT o2 o B B ArETBeEESy 5 o 0
inches oRedl viclechdyepdiiy 68 th&@ﬁ”’a? cbhifigiFrafisf efl'ﬁle'éfn/\@{] ﬁatﬁ%%g is 42 to 48

effective to build an array fan sect
inches (%1$ compamrd 1988 je i ddhinghestie the pyenart |em}cmuimnents).s

100 .
T REEHidsbR ot Bafipafefngleonfid & Pandhich Mot fath in
the Bacl(gueude of tie haehtidrata sthﬁttturéjltbiliwrfrgvr@ 000 TuBf¥reot pélhl%mute of

array can be mass- produced t of this cost

air flow %tél/np'f?ﬁéu of W @) énchespwater gage) wilibe useds Using the second

exempla%gfr?gitg)’e? %@e*@ﬂé‘l@@%#}%ﬁdﬁﬁ%t{toﬁhé ﬁ&séé'?m%‘@e\ﬂgpg could be
served byeneoririal dtameoge blenlim 2t1® of 84 inuickitigh BY saLnpiesEwidd)@&ind
and 30 9353 ed BHG ks B0nbared o S ten bR MahesdaBain Hanpr art
embodimidiRge Megﬁtscﬁﬁrg%%ﬂéﬁ?r'n dqﬁélhée %3&3 H'a[}ga)ﬂf?hfs%rc%h in the

si zes and/ or power s I np ut an
air-handling sysitemt (stialm agrthe 9n2©®owuthlGe 7ybadngr® fansini@! 200. The

tem woul d
space reﬁg@%@@%ﬁc'ﬂgexeﬁélgw an unafciﬂl)d’al wour1 néj !alrg a%ﬁlar cube of
approximately 24 to 30 inches on a side depending on the array configuration. The
airway path 220 is 42 to 48 inches (as compared to 71 to 95 inches in the prior art

embodiments).

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
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one type of fan unit 200. Even when the smaller fan

units 200 are custom nade, the cost of producing
wonobiipi7es f an units 200 for a particul ar proj eBCT/US2006/009842

al nost al ways | ess that the cost of producing a single

that lndl{né![lglefaﬁrdrﬁtrs 23Ud of tAB féﬁ“a*rr 2%&‘5& nial38-pr8dEcdy. °P§Htof this cost

may because of difficulti'es of producing
savings trna-y b@dge rto thoerfant dmatgt Iadel$3)exn€h‘t$l\tﬁ)©t mahufaistusi snajler fian units

200, eSS S RP BB RASS SRR Yo S A Seldh P e

partlculér%rp‘é%% 1R pRERM FrvestisnTaBId 6 irAplenftiiéd bA% smgle type of fan
ar t ment 202 I'n one preferred enbodi nent of "the

unit 200| rluv @fieiraiive temabddiments, tteerz0night berasyaralfars uoits Qﬁathawh@

diferenty<CdiBe B [t il e ative "o iateat Ractisagcould
be usedtnlil@ sax@@ranorﬁamhntgm/sfém O Iiakh a?r%ﬁd]i‘ﬁ@ﬁs%t@ﬁ would have only
Al ternatively, such nodul ar units may i mpl enment ed

one typagt fagiung 20U aEuee whendbesmalies fan Hod POCkI gusthen madle, the
cost of plﬂé‘dl.;]cﬁr;l%gmlt adl@ f§|’i lu'nl‘cs %8%@5 I@%Irt &?rﬁeé}t é‘éjv %@ﬁﬂ)@@%ysdess that

the cost@fstcﬂmdmg a svnlgl@ hargb @rh‘oaarttfan URit200 fﬂfﬁmé)sarﬂb@@]éct This may
erati n Expenses The fan array fan section

d
be becavw Pﬁ@eﬁoﬁwﬁwq rpgo@%@@m%harg%cwmnts PRJ&rthe gost of
obtalnlnég"’élféc %F%}Jha nr@;?@nérﬁé %e@é?@é?z 'fc‘freth[e%lryié Eﬁgg tpter’r?ﬁrért%hqrnlt 100.

ing systens because
This cost bawings bispyexdiéndeta thel cast df pradeicingna smatler aimdrandling

ope ing requirenments of the structure. Al so, by
Compa”[f@f‘ﬁgbénm | er higher speed fan units 200 that require

| essinl e hreFEHeN eYnBRIiBBNESNthEShyveHidn ﬁﬁasaa%t@lfsonO are

resistance to flow Increased Efficiency T an array
modularfsggh ghaftthesystem kee'phug ahdpliyi. n§ushsnedulaf umlhsanrmydm nt

lemelAFA R R FLEDI 5o @HeB Bhh LARb R brRfe i 200

themsel\m%n Altemativalg aducefrhbailen aMits Fﬂég/ 15¢ frhSIBh P ¢ b%/ Wisfhg separate
ndi vi dual fan units 200 on and off to preven

Structurei fﬁéffﬁemfémg thesfapfuniteraGQ uinagtill fanether al@rmm/e embedimend, such

modularg@lrt]%1 ?rﬁiﬂlg% Eﬁ@leﬂ%rﬁé@ y%g{b‘ é@hse 3%27? rﬁ8 ldvh%lp %euﬁa%q.lrlh% 200

an uni
may be placed.

Reduced Operating Expenses

The fan array fan section in the air-handling system of the present
invention preferably are less expensive to operate than prior art air-handling systems
because of greater flexibility of control and fine tuning to the operating requirements of
the structure. Also, by using smaller higher speed fan units 200 that require less low

frequency noise control and less static resistance to flow.
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above, the array controller 300 turns off certain fan
units 200 and runs the remaining fan units 200 at peak

webtdocadeaty. Redundancy Multiple fan units 200P@miusS1006/009842
t he redundancy of the system If a single fan unit 200

Increaséd Eflcserfi9n, there will still be cooling. The array
controll ér 300 may take disabled fan units 200 into

consildlerfaniasraySanisectan in therair-handingeystemalfitiee present

inventiofSBEEradl oot ol g brid ot ahirthg Aty pEGAUSETeach
small faﬁ URitrd &dn l?e.@toat"ﬁiéaldéﬁl&eﬁfzyt frRe ?é‘t'etﬁc@&l@ thefndMidudl $an units

be mai ntai ned offline with no noficeabl e depreciation

200 on and et d0 preyest ingflicientovse oft particulpy famssnitss2@Qr ¥ should be noted

et an 8 43P 155 BB ARG A5 RO s o

above, tﬁé@nmﬁmntmﬂéﬂﬂomum@@fﬁcf@tam fanumitd 260 4R rufs GRS tehaining fan
attenuate than the | ow frequency sound of the | arge

to
units 200 g PeAKeMMoRNYuse the fan wal | has | ess | ow frequency

sound energy, shorter less costly sound traps are

needed to attenuate the higher frequency sound
Redundpnoduced by the plurality of small fan units 200 than

o oIS G SRER 20 GRS BrdumaRhaHeT Heatbtam, f Saingle fan
unit 2004PE5RY &?\Jvﬁ tﬁeP@WIPétﬂl%’&BoélEfbt soun§ﬁ5¥ BB :tdcpma%atae

uni t i nteract to canc certa
disabledffaaquniis A0fsintchesnsideratiomguah bhatéln@te |smterrmtlaagblmdepre0|atlon in
. than rio t, t ens. Requced Vi ti.on The mul
cooling groa ffvr8les GHia EGHHE Fiadatin bF Ao FUHP VA isRapR ES the

array con6Rdrs300 ﬁ@%'t@r‘heéff fﬂiﬁﬁn@“@b@ﬂt%ﬂta?e teps rﬁélht%ﬁné@@ffﬁr?é with no
resi dual al ance thus causing | ess vibration than

notlceabtemdepmc@lonan caqling orais flowdiats.| Ayipeas featurd, disdusispt delow,

uses ang BnHA 4G T alhoand L SRR SVelsFE gniaggelt Peach other

due to slight differences in phase. Each fan unit 200
of the myltiple fan units 200 manage a snaller
Sound AfepdatiefevantagRs total air handling requirement and

t husTRE Af#fequency sound of the small fan units 200 is easier to attenuate
than the low frequency sound of the large fan unit. Because the fan wall has less low
frequency sound energy, shorter less costly sound traps are needed to attenuate the
higher frequency sound produced by the plurality of small fan units 200 than the low
frequency sound produced by the single large fan unit 100. The plurality of fan units
200 will each operate in a manner such that acoustic waves from each unit will interact
to cancel sound at certain frequencies thus creating a quieter operating unit than prior

art systems.
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| ess turbulence in the air stream and substantially
| ess vibration. Alternative Enbodi nents As nenti oned,

wo nooenet7ps ef erred enbodi nent of the invention, Pehesioae009842
units 200 are nodul ar such that the systemis "plug

Reducear\ﬂb@t@’l " Such nodul ar units may be inplenented by
i ncluding structure for interlocking on the exterior
of t Adefraultipig fan WoE ZO{bﬂfsfélle\mssemlm‘eﬁm@n hasteysmaliartwheels

with lowg? Fsd prt plsed b e O e el Y 8ok, RSB Yehlshhg tess

v.bratnoramamm(e laigeerenarmw eTHRERsHallRABratiG 6 PmIURANIE fln Uit 200%1[
be i npl enent ed usi ng rid systeminto which the
transmifflaas enetay tg(a)siimcgtu[ﬁeappg@ggvndqalcénawllgmdstomncel each other

oveto oRAHORenLT BRPE BEEMAGUHS 25D MGt U8 200

manageerBAtillgE perdcheady bithaaytabairpesiling redintdmrandthls produce
within the air-handling conpartnent 202. The fan units

less tur%@n%m hRar Feegpand sivstantially lasse/ifietianopeni ngs.  One
advantage of this configuration is that individual fan
units 200 may be easily renoved, nmintained, and/or

Alternativefrmabediméiitts s enbodi nent uses an exenpl ary uni que
not or 208 with

"t oS IRPRBOHHEL i1 S PRoTBRoCk iR Ga EARLOF I 1BKBMen. fhe fan nits
200 are Wméraédcm%\f)aher@aéﬁé ) n]@ mQ%na ;g%%_ﬁ aéfuérvm%rjgarrg@.é R4y be

mount around t one shou
implementec by timcluding estiicture $omintertuickingeorgthededesomafethe faw ubits 200
The 'ﬁr i d rm be constgucte

themsel e RSBtV et MORDiar G anas bS GoPiemeiad by et separate

structuré fbfﬁlﬁ‘ibﬂ@ﬂklﬁ?)fh@ﬁarﬁﬂﬁfsegow IDs@Badthel ﬁtéﬁaﬁ%/%ﬁfboﬁlrﬁéﬁ‘t such
di ame between the fan units

modularditgaman berifepte mented iy uring atdiisk S)@t@mnaitosy@cb rﬂn@fan units 200
ar units 240 using separate structure (not shown)
may be E%gglljnt erlocking the fan units 200. In thisexenplary

enboHIGeMd shers Anambddinfert ubitigtan 8R8mpragy Qﬁ@@?@t@n@%@ into
nmore traditional notor nount 242 within its own

which thg{an upHa9Ermay he placeshendhistempedimant i aadmay h@ pogioned
e G e
positioned indm thea grid epbamgpaﬁwad%ﬁaga ef tHiebonfiguthtion & that individual
fan units 200 may be easily removed, maintained, and/or replaced. This embodiment
uses an exemplary unique motor mount 232 that supports the motor 208 without
interfering with air flow therearound. As shown, this exemplary motor mount 232 has a
plurality of arms that mount around the fan inlet cone 204. It should be noted that the
dimensions of the grid are meant to be exemplary. The grid may be constructed taking
into consideration that the fan units 200 in the present invention may be spaced with as
little as 20% of a fan wheel diameter between the fan units 200.

FIG. 17 shows an embodiment using either a grid system or modular units

240 using separate structure (not shown) for interlocking the fan units 200. In this
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reli eve passage 246 tends to inprove air flow around
the fan units 200. The fan unit chanbers 244 shown in
Wo-b@Bs/104735ray | ncl ude one or nore interior surfBRCEUSI0&M09842
with an acoustically absorptive material or
exemplaﬂyﬁﬁﬁb@dlh@ht setidha6fethe 248 unité D00 afé Ynouried A wdtd traditional
cells 244' shown in FIGS. 18 -23 nay include one or
motor mm%atthhl@ttsm@@emm“@mb@ra% Acnsspietenrég embodiment,

e fn G35 240 RS S A PR a2

unit chammmml taaethard ichwap reliahpasshye BUBhhéRDel TRistSr
200, the present invention places one or nore

relieve n%aga@‘l&ﬂe@mﬁft%@@roz@@lraﬂow aeatndshetpalunits 208und each
fan unit 200 without disrupting air flow The
i nsuiTéeifen unifrdhacalizers £244reipwniol e 16meay inalwdezoné of here

terior SRR 8 R s PSRl Bl 240
Similarly, ns& k&t Ui copapd4 (sHowh A IEYH sn2danhy ﬂf&lud@bﬁé‘@k fhore interior
glass fibers (fiberglass) alone or with a

surface ﬁwﬂeofm@m aeqistisplly sesorpfive araterigtor) insulsting ssirfage” 248.
Going 2GR o E oLy Histobf i Shfinced Eriroidln plagent mglose
proximity dth ttieSah asitd 200, theSprePahicinverftitl plasés 6Re or more insulation

0/ 606, 435, V\/nl ch | s assigned to the assi ghee of
surfaces 448 g Bgghban 'ﬁUéﬁffPltn#’ Sa AR it udiBehBgar flow. The

IﬂSUIE\tIOW‘Elﬁ’%%:b% ﬂ%rrﬁg A BRE 3t ﬁﬁ)fr@éf E%g@%@ Ct%ph B{Jﬁbﬁl front, or
the atl on surfaces h an’uni
back. Examwtaaryé‘.ypﬂsl d)fannAlléUoriMludeelbdt ta:e hotlirhitexhtcagaditional lnsulatlon

I Sone, of th fit usi ng the
board (s{igf p et Serig ey naferRiagiassies & (hrigisal Rlpag it & factory-
shped AL HEFS K @hr OB REEH Sy BPQUSEHISE et 151) o
alternatiyg inspiation ssebozl apen selhfem sheh ps dsairdisélosexhin OrS.iREaht

Rortiath NS A bfond ) ey o P enton

and whlcﬁpﬂhlel (ﬂ@élb@lm‘é dfivaticRichaedy shdorpblated 99$éfe'réfl%e héfem. 18
how an exenpl ary i nSul at ed system or

Toge‘fhehﬁﬂ% |"?aﬁul<'@1mrt surfanes4Geidhe dan ymtfcgae@em/eehﬁaM f24tend to

functon SEQUSSAERY R P SbHSTRLSEh ety RFHE e e

include (Zﬂnb amldeﬂemmﬁwlehgm for splittaly, () awepragiurchirbpsander (3)

tion s ces 248. |1n one preferred
relatlvelyelﬁwocegqie eraGous g vantages of this and other embodiments make the
present invention ideal for use in concert halls, lecture halls, performing arts centers,

libraries, hospitals, and other applications that are acoustically sensitive.

FIGS. 18 - 23 show an exemplary insulated grid system or modular unit
system interior surfaces are made from acoustically absorptive material or “insulation
surface” 248. In this embodiment, each fan unit cell 244’ preferably has a sturdy frame
250 that supports the insulation surfaces 248. In one preferred embodiment the frame

would form only the edges of a cube-shaped fan unit cell 244’ and the insulation
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would formonly the edges of a cube-shaped fan unit
cell 244" and the insul ationsurfaces 248 would form

WO b@edd4tes (e.g. top, bottom and/or sides) of PtHheEsS2006/009842
cube-shaped fan unit cell 244'. In alternative

surface@QﬁBfwmﬂd femi il siEes $e.ot b, fbbﬁmh BRAY/AriGd eI & f tr)e cube-shaped
iti onal structure or braces for support "and

fan un"tsﬂeﬂ @Adt hin attejeative prafesed embogdimentss ther fieme magirsfudene

addition a?FtrH&hf‘e 8% a%eg%r ﬁm‘?’t %@?{Ri"g@%ﬁ@ﬂi ﬁlsog% COrIO nigrgulatlon

surfacesvﬁéBe)f ttHiEefamm:aD@ll‘s 344'appdto (Jn@tlmés@/cdﬁlénéﬁ‘éi@nééi OPhis is
sur 8) reduces the sound wave reaction as the
shown grap '&a é'dSr al&L3vmeadhe carlanas silenoes ffosmed dyebe insulation

surface%g§8 t%&fuc@éﬁﬁ@%@und u’as%o%v\% n é@ﬁwe@éﬂrﬁ"wﬂ%@trgg@ thyough the

an unit
insulatimnsurﬂaads 248 fFanexgmpledin Flali1@), the cettraltfah @a#t200a is loudest in

its own ?N'ﬁ I Y%%i S??s% &?%S%&%%sflzf: hggigér@tagg% Ig")t/ gt ahlgat partially
dlSSlpat€§ aphy [%%sb!é t@%ubheché%%ﬁﬂgmg lﬁélﬂ% zfr? ﬁﬁé&% 4 k?ﬁfs ik Yhown

he centr al uni t cel
graphlca#lyraa)ﬂh\ﬁonmgldfvaavw pirtles belrg @arkest iflilke bestuhltfanajrﬁthﬁll 244’ and

e 5 AR AP ke B g e

central fapumet zam@ttha@éb&mtawéﬁ%nfafm&nwé Tshag}ffe{ttﬁ%urs]%nd that

copl anar sil encer. 0, the f rst Si
would em@oata somay aesfem wnthwt tbmopmmu mlenasasl lIin £4@: 20 Aetfingt side

fan unit %gér)' Pdégﬁn é‘i% v?@iaﬁhgﬁn ﬁgg@ at ldf(ﬁﬁethe fan spreads

radially, &tta‘tﬂeam@aﬂt@allyrtﬂsélpéﬂe@rasﬁlv pé@g@&h?&@h tH@,-I s%r!'o%rﬁﬂf@’\msulatlon
hically as the sound wave circles being darKest iIn
SUffaceSté&) thltSr'%.ﬁ PWR qraphically s theisound wavecirclesttieing darkest in the

central f?@%ﬁﬁ%ﬁ?'ﬂq I@HEéijﬁ El?f%rglé r “’i‘f’ {arfpg%%%%éebgj}' gﬁag i h%hter in
fan unit ¢ells 244’ maBGistafhFometdiel anglnlmtm@aftanu{m mfmwdﬂﬁ ﬁé“emthtg t}:ﬁt the
t nates fromthe syste
sound fro @ ot pAR00bBHH BV Hus NP GABRraTD &he Puvie isyertieman
sound thét Waen eh%ﬁaf@ﬁbﬁﬁﬁ’sﬁ%h?ﬂﬁﬁéut the gog%n%w MGt {ﬁgogl shows

first side fan unit a secon Ide an uni
the first sidel famunit 208bpastiord sivlerfanwmite0cAang tiesinraspaptive sbliyd

waves. 7§ shhfin drabhRaML BEEIE 4 aubirir Sigeible B Rcorescht iaugnian is
that as thd s9@*EWERES ﬁitéﬁﬁdt ARefdiBy H8&eetdiGvatRY @aZufé‘ilgtlon such that the

sel f - extingui shin FIG 24 sShows wave
waves a'@p?ﬁifs%t@mQS F?ﬁt 2£hsbowpmiet/éendm mmmsaztbomm/e B that are

oppositeb %artﬁ&tefér% R R A hAh A A B B! b WaVESad St exactly
opposite, then the combined wave will not be flat, but would have some wave
cancellation. This is a basic wave principle of which the present invention is able to
avail itself. The result of wave cancellation is that the sound from the fan units 200b
and 200c that eventually emanates from the system is softer than sound that would

emanate from a system without the coplanar silencer. FIG. 22 emphasizes a first
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opposite, then the conbined wave will not be flat, but
woul d have sone wave cancellation. This is a basic
wowwes/1pe7BRaIici pl e of which the present inventi onPCEHUSINE009842
to avail itself. The result of wave cancellation is
corner fahamitt 20 dsanchis mayenpatterm.ahl G n?23 smpbabizen dodd € fitshtorner fan

unit 20 4 eebnd Sar an HaR 2oPP rtihel Teatciipingine Paems. The
analysré?@IPFl@'@rzzseh@QQ%oulgb@sr%ﬁa@mﬁéﬁbﬂﬁlﬁﬁl 30 éﬁ(ﬁ QQ'FEEpéé’tﬂ/ely It

uni t and its wave pattern. enphasi ze
should !b@ﬂﬁ’fetdwfé\af inthe preferked erahodrmantzm@ce ti‘ram mvmfacremjrght be running

simutarf R} aud S bk o i b SR E bptlaingio e wave pattems

of all th& rimdiAg fars Whald B atlib & talkDadthtdgéd of §§@ﬁﬁb'd{§é|?atrdﬁ as they
shoul d be noted that in the preferred enbodi nen

pass theuygthsuriguAding ingutionssirtagani24§) snewyaveneanesligtiomof tid Coplanar

t he running fans woul d have wave patterns. The wave

patterns of all the running fans woul d be able to take

advamm@aghfﬂ@ouh shb@sdhéaimrargmpréaanr DY pBasionbA NHIn the
i nsul ation surfaces 248) and wave

fan unit ghiag ?sﬂ'@?&alam@m@ pprdinants of fancenit cmrmh@csg%tp@,ﬂd
cnciose e HIGHBEATR 42553t BRgth Ul A0S I MER LA Phdy 212 ano

the drschangerpienumr&’rﬁ)%wl Gihér atleindties ehtizrlimbats %ﬂfah L@irt&fhambers 244
e baoth the inl

or at st Lall encl
may hay§ @i, A v suffrcen It kitreassaigisaionn & 1o pSssant Iantion) or be
open (th%'thRﬁFéo\U%eQi&&g.i ments of fan unit chambers 244 may
have grid or wiré surfaces (that increase the safety
of the present invention) or be open (that would
reduce costs). Bypass Feature Miultiple fan units

Bypass Eesahire the array to operate at a range of flow rates
fro fl ow where each fan

| ow | i al
cont 'e§afgylvﬂltt33?$§$'tﬁ3€? e{iR¥ i OReEaja At & renge sl fipur rages from
full flow f@ﬁéﬁtral %\ﬁtwrﬂalré ®&Eh q'éh ¥EntriBltesY FNCSF ﬂ&ge(m‘e?e Rl e&t?ﬁg e

er than full synchronous notor speed 'in order
number phfasis).t Moshdiectrdiverfao eysioms opemrte ehem@dmth‘eh ¢han full

synohrofds okl snsglE pedetdb ch tos Redliva pr SBptha tecuremige of the
structurejrSﬁ@@d 8oRlrEl i AbFABINENERAIRBE ushRf artHild $re@RBRE) URPes. Since

in an air
variable frequency drives are electronic devices, each drive operating within an air

snence

handling structure has a certain probability of failure. In a traditional air handling
system, if the VFD fails the air handler will either shut down or be operated at full
synchronous speed of the motor in what is known as bypass mode. In traditional
systems fan units in the air handler have to be throttled back through some mechanical
means in order to limit pressure and flow to meet the building requirements.
Mechanical throttling in bypass mode on traditional systems creates excessive noise
and reduces fan efficiency. The present invention overcomes this problem by allowing

for a change in the fan array output by turning certain fans off to meet the design point.
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handl i ng structure has a certain probability of
failure. In a traditional air handling system if the
W¥BW6fiad7B5 the air handler will either shut domMOT/OB200€009842
operated at full synchronous speed of the notor in
The arrameam be thitared tasndstiibs owoatel presstiradiquiremant shthbenthe need
ts, in the air han ave to be throttled back
for meck&TigHldh R arekribneoentradied FoSe AaG TSI STCIoNnGy:
pressure and flow to neet the building requirenents.
Mechani cal throttling in bypass node on traditional
systens creates excessive noise and reduces fan
Dampensirgi ci ency. The present invention overcones this

problem by allow ng for a change in the fan array

out pirIGbg5 tshowisran aray af dafmpereaf260 thatreely bhd ﬁo@iﬁem@m either in
the flow an

i nt.. Th il
front of Gl de Bl nang [t Rast P4 il egyorb Pk ere: dahe shown
t
exemplér?rel‘i’lgllﬂéedr%@%n?r’cﬁﬁp %fgﬁgféﬁé 69%@5’&2%@0 Wﬁgﬁﬁ%“ E@Qt%? S8 piBte
positioned wpdtseown Z)B@tt hathmsiyo\fma epemptary emboseilmba’r then pnmamy of plates
slightly %\Eeé@gnqbéeqrg]ma% ear o{fvﬁl qtrﬁg&gmﬁﬁ i ug&gﬂp g&éh t%at ¥vhen airis
flowing tﬁi’&% RYan Jdrive M%‘Sfa%szﬁr% ihRé 'e') %n\%ﬁo@ttlérnaédd \?(lh@ﬁ the air

pl ates, each plate positioned on It pl vot
stops, Q@Vdmtﬁxéh@)pwtys #nio due olesed pphlélopl lRrefaralylypéagi af the

dampenl 380 o PYEL - BASEnA)  FRT S A bie o1

and Som‘e’i@f theifha uARe 200h:frertb|aft Shed2Pnpdhdrd 260R2A dRH b @Psend
n the air stops, gravity pulls the plates into the

accordlrtahgséli heyégh shewn apreeﬁlmr&%mechéaml embprimentrpiemaive 60
embodwﬁ@ﬁt{s%%cbln%ﬁ@%& tlegtgﬁgfﬁsgkfotu} ahescgrgiﬂ{c%ﬁ%%g%@rzgmotely

from the@%ﬁnpeﬂm}rsm@peners 260 can open or close accordingly.
Al t hough shown as a sinple nmechani cal enbodi nent,

al t eftshbuleEbe HBRMA MR FRG CPBhews @a&txm@nsarfagﬁﬁawsécheﬁﬁn the air-
is controlled electronically and/or rermtelg/)d5 romthe

hand'ingo%f%ﬁé‘raéﬂ%twenty-f@w&andmﬁé 206: B+ ahows @ 56 fencneayafan

st 3 SIS 85 e 2 RO/ B e o 9

fan arrayf tam smot@yl ifh e airdidneliing Bysteen having andiverfgn sinits 200, FIG. 7
shows a%%l(\éitjgg arra nfta}g sfelc:}tllgnflﬁ’j1 t euerllllr-thgngl?nog syFsltéam hGavar?gomea}ag )l(JLI‘:]ItS 200,
and FIG. 8 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. 3), an alternative array configuration could
contain a plurality of fan units 200 that are arranged in a staggered configuration (as
shown in FIG. 15) 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 200. It
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fan array fan section in the air-handling system
having twel ve fan units 200, FIG 7 shows a 3x3 fan
wareetaso47asn section in the air-handling system PemiUBLN06/009842
nine fan units 200, and FIG 8 shows a 3x1 fan array
should Bé‘ﬂo@%%!ap %IthBu%;ﬁ‘ %héWh b GoPMAE §5h LiRKs 200! tHefMiter bank
fan units t shoul d be noted that the array may

122, 22Beould kengowngiseam. di mensi on of nore than two fan units
fap,units

200. Jt sh | d ot ed that altho t
200 MUl He ar i . AePhele' SRtdmett wilialiBe horizontaly
arrangeliifsh afay. 3R oMdrRUAAE! ¥R amnbadinfeiitd sBOWATh FIGSO8LG could be
contain a pl urali t¥ of fan units 200 that are arranged
used hqnaoata@v@ggert@allxc onfr guy direetion( m‘pshdmularrto meaiqu@)on of air

flow. F?rn%angq{gmﬁl angi?% pgétf’oapd@!edr aldcttlﬁi | {qﬁ{g % ghgﬂdflng
compartafSitr 282 fhoamey) FRg D arrhRged ﬁ@nZtFHtéﬂiy 20Ris érhsdsmuierm would

be noted that, although shown upstreamfromthe fan

be partigifiarly prasgicat ineart air handiipgrompartmepbfor urejuieair shaft.
downs! AR b ol 1Re Pl &foh Al Aby Bl SHMBLIER of the
enbo P USE & hor | Zont y arY ange

airway pzatln a;zo nh wfﬂxtlhﬁfe fanrutits 200earergusitionedt sSFatexample, fhle@Gan units

-15 coul d be us hori zont al | or vertical]
200 maxéhs? sifpateskindhe eze%cg@m plgngm zlﬁ {aseshawde theot Y%fpl%mm 212, or

f f [

parnal|yivlgfrﬁfrJ E{f{néeﬁﬁéﬂma@ 21plarfy §r'h‘a| dﬁitﬂ@"t@% %gbrrpj irg@ tpie{g@?tzm It

should al$e bé anoted theayf tmmwrbmrmiilngngarqbartmemmahhy beTnssction of air
enbodi nent woul d be particularly practical in an air

duct.  handl i ng conpartment for a return air shaft. It should

be natPRduldpé nbfkfd fh%@ n%ﬁﬁldf‘lﬁe ?éélufé%yalﬂf pRIPEriey hiitiated

of the airway path I N which the fan unlts 200 are
with the fays Linit @hambersa24é>(5hﬁ>l ) wandd band@ﬁiqads t@oosimilar be properties of
ar ge plenum 210 (as shown), the
the fan Lﬁ* (é‘?al ?%Eﬁ@ﬁ partially within the inlet plenum

212 IR tomhd bad |e¥<pm§shjrf$ thBeh&ies b empbwstiim théFGordgbing
shoul d al so be noted that the air-handling conpartnment

specificatipn argyused as iosmsisleseriplian and not oflingikatiand ape avetned intended

e P L L
scope of thernhverstiont ie defined mnddimiteal orilpherthe efaivk thaefollaw. uni t
cells 244' (FIGS. 18 -23).
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The terns and expressions that have been enpl oyed in
the foregoing specification are used as terns of
waeaeno4ss on and not of limtation, and are noOPCT/US2006/009842

i ntended to exclude equival ents of the features shown
WHAT ISnaLABEDi IBed or portions of them The scope of the

invention is defined and limted only by the clains

that follow WHAT IS CLAIMED IS: 1. A fan array fan

sectifon i t

A R dtdy fa@r@ﬂdtrﬁﬁ i %R m&mgsal Szft%re]ast tﬁr

| east three fan unlts (b) each of
fan (@1) tsabtﬁﬁstﬂﬁﬁ@(ﬂaWﬂmn a fan unit charrber/cell

(c) C ceI havi n a ,
(5) BB 2l 87 g AR e BB Bt
arranged cRambkaBemr ray; and (e) an air- handling
compartnment within whi ch said fan array of fan units

i s pb®iti el farpunitrbamper/ael hgvingrat deast ioos insulation surface;

ai r - pandl f i d.insulatiaon

surf aces gggs%ti){%éﬁgh'%&m b%ﬁgkde /egéplas apoadée%@f‘df orm

a copd)anaangit-leneding cdmpdremeanwaiiinayhitiRBarEfhi £ rh) 6‘ffan units
an air-hapdling systemof claiml, each said fan unit
chanber / ct8 POSIONEde| | having a frame that supports

said insulation surfaces. 4. The fan array fan section

in an air-handling systemof claim1, wherein each

sai d2i nsuTheifamagay ffac sectiorain @tainsiandihd Sy@tb&pbpélamﬁﬂ said
an section in

. . material. 5.. The fan arra
insulatioff 3} FRSHa oF Ricd8 ueth Gt ars el foaathen s ieplaaaresiencer.
fromsaid fan units passing through said insulation

surface at least partially dissipate as they pass
t her &t hr olig@ farearrapéan aectir iayarf arnhaedhmgmysten*amf clarm 1, each
| i temof. clapm1, erel n, eacg
said fan Ght affber AL T LT HAVRG § LRbupEhRuP s iR ipuiaiion surfaces.
unit chanber/cell such that there is an air relief
passage therebel ow. 7. The fan array fan section in an
ai r -hand| Theyfanyatravndast sestionnin Bn ainbasdling sysemt ofl daist 1,

wherein Ié%&ggarfgﬁﬁg}rr@géﬁ s@ffcdiPhihab) étréaﬁy aEsorp 104 {Sardhbanged

5. The fan array fan section in an air-handling system of claim 1,
wherein sound waves from said fan units passing through said insulation surface at

least partially dissipate as they pass therethrough.
6. The fan array fan section in an air-handling system of claim 1,

wherein each of said at least three fan units is suspended within a fan unit chamber/cell

such that there is an air relief passage therebelow.
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configuration selected fromthe group consisting of:

(a) a true array configuration; (b) a spaced pattern
waeocasoenf i guration; (c) a checker board arrapCT/US2006/009842

configuration; (d) rows slightly offset array

configur atTlfé‘fan(@r}a)ﬁ@nlﬁébﬁoﬁhh ELIE] O,'Yhéi'ﬁcflﬁ'@tsy%\?érf;%f claim 1,

configuration; d(f) a staggered arra
whereincgaid | agiﬁﬁt thyee fgn umiie afead péurahty df dan Slelis Boangedama fan array

emof claim1, wherein said at |east

conflgu%'ﬁlpge%ﬂ ‘}ﬁe@ﬁ")ﬁiﬁ'ﬁ@ow&ﬁ[}ﬁﬂspg Sfi'nclude at Ieast two
vertigpl | ya gué ana9@&ohfgurdihs. 9. The fan array fan

section in an air-handling systemof claim1, wherein

each (B} s gpaned paitern aneyeonfigutations are nmounted in a

3

4

)

N £ i
8

9

N

chantfey / cebls Shghtkg?ﬁ’@&ldr@"y domifigSrdtion; use in a nodul ar

uni t stem 11 an array fan section in an

air- Iﬁ%)xdl |Cﬁ!j—””6fb?n§|tﬁhﬂﬁéﬁﬁseﬁmréh cpefigiarationfanth ai r
handl the air of a
s??ué?ﬂ?e%yétég@%'% %S[r]éagyr}ﬁ:ggn%ts ¢tion conprising: (a)

10 a plurality of fan units; (b) said plurality of fan
[ fan array; (c) each of said

uni tg arrei_nggefd in
plur&tity ?ﬁﬁ‘rr@fl 28 spelion inreairkiangiing gystem ahelaim 1,
where | f if.
e e L e et an S PRIRE] ok IR 1Ay
arranged i Bhitsai d i nsul ati on surfaces of said fan unit
chanbers/cells together forma coplanar silencer. 12.
The fan array fan section of claim11l, wherein each

sai dof an WRkYan array fan section in an air-handling system of claim 1,

wherein each of said at least three fan units are mounted in a grid system.

10.  The fan array fan section in an air:handling system of claim 1, said

fan unit chamber/cells being modular units for use in a modular unit system.

11. Afan array fan section in an air-handling compartment which is part
of an air handling system for conditioning the air of a structure, said fan array fan
section comprising:

(a)  aplurality of fan units;

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

(c)  each of said plurality of fan units positioned within a fan unit

chamber/cell;

(d)  each fan unit chamber/cell having at least one acoustically

COOO\IO)CJ'I-¥>-C10l\')—‘-(JQI\J-AC;.)I\)—-\-P-CJQT\)-A

absorptive insulation surface; and
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chanber/cell is a cell having a frame that supports
said insulation surfaces. 13. The fan array fan
wae@bilet13df claim 11, wherein sound waves fr onPCHUS2006009842

units passing through said insulation surface at | east

parti(a) | y sdicmisphtionastirfabey opesisl fahenttidhamimis/céis tobegher

fan array fan sectli on of claim 11, wherein each of

sai d pl ur &M @ CAPIANAT SIANEY- i s suspended within a fan

unit chanber/cell such that there is an air relief

passage therebel ow. 15. The fan array fan section of

cl ai 211, Thiecaniamrssaiad salctiombf tipimfl 1f amevsinteacArsid fan unit
harmb a)'rﬁln ed IE’ a fan arra% ?onfi guration selected from
chambepigell i g ol Daiiood ragieoat puspatts saie iasuatin surfaces.

configuration; (b) a spaced pattern array

configuration; (c) a checker board array

conf ilgur atliherfan (athayrfansestiombf tlpinfifis athesdin apund waves from

. onfiguration: (e) .columms slightly offset arra
sald fan (il sl tgm“éh%a'@ﬁ?s@@%ﬁg%%o&d??%wama"y diésipate as they
pass thetethro@gh.ation. 16. A fan array fan section in an
ai r-handling conmpartnent which is part of an air

handl i ng systemfor conditioning the air of a

strughure; ' rray,.fan. secti,on conpri Sing: )

! ol iea] Ty 3ef A0, A B R0 Q8 TSR o26R U shRpluraiity
of fan unitsiis susperdutedithin &fdreoniaEhayibel/6all S@dNthat tidb & an air relief

plurality of fan units positioned within a fan unit
passageiperebeiel. each fan unit cell having a frame; and(e)

each fan unit cell having at |east one insul ation

surface form ng at | east one side of said fan unit

cel | {5sai Thatfarh essy famsettivubiadlaion1$Uvhees SHRANGIAE of fan
said, fra fan array fan section in an

. b . 17. Th
units are g gRkin & (RrL5Ee% RPBoURHPHPals teskiem the group consisting of:

(a)  atrue array configuration;

(b)  aspaced pattern array configuration;

(c)  achecker board array configuration;

(d)  rows slightly offset array configuration;

(e)  columns slightly offset array configuration; and

() a staggered array configuration.

16.  Afan array fan section in an air-handling compartment which is part
of an air handling system for conditioning the air of a structure, said fan array fan
section comprising:

(a)  aplurality of fan units:

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

(c)  each of said plurality of fan units positioned within a fan unit cell;

(d)  each fan unit cell having a frame; and
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i nsul ation surfaces of said fan unit cells together
forma coplanar silencer. 18. The fan array fan

W@ ewbile1135 N an air-handling system of clai m 16PCTMIS2086/009842
each said insulation surface is an acoustically

absorf i veagRtas ualt ceﬂ%avfﬁ@%tﬂ@ébt%fn@qhsuléﬂoﬁ %QFfb@é‘fdrﬁung at
an air-handling systemof claim1l wher ei n sound

waves froflgashionefsige ghsaid famusit @gll,tsw@@@ feaskipde insulation

i nsul ati on urface ast rtlaIIy di ssi pate as

t hey passs‘%J @?%?HPB%W 8%63' K& Pan array fan section

in an air-handling systemof claim16, wherein said

pl urallty of fan units are arranged in a fan array

conf ildur atliherfas @rwytfen section irmen girdigndliog systenmgf olaim 16, said

msulatlo(‘lagugf/actgon |S§ 6{ 1%%‘. Lg’ﬁp&%'% 5@*@%&%&% 8%8‘%3’ g Isﬁ%rpat tern

configuration; (d) rows slightly offset array

conf| ura colums slightly offset array

conf i gur aH"@Ra” §H>QY( fan sgclim fiyah élﬂ'fﬁ’ﬂdél?g system of claim 16,
wherein $28h! & FsuRfion surface is an acoustically absorptive material.

19.  The fan array fan section in an air-handling system of claim 16,
wherein sound waves from said fan units passing through said insulation surface at

least partially dissipate as they pass therethrough.

20.  The fan array fan section in an air-handling system of claim 16,
wherein said plurality of fan units are arranged in a fan array configuration selected from
the group consisting of:

(a)  atrue array configuration;

(b)  aspaced pattern array configuration;

(c)  achecker board array configuration;

(d)  rows slightly offset array configuration;

(e)  columns slightly offset array configuration; and

() a staggered array configuration.
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