WD 2011/ 056319PCT/ US2010/ 050052 FAN ARRAY CONTROL SYSTEM CROSS- REFERENCE TO
RELATED APPLI CATI ONS: [0001]' This application clains priority to U S.

Provi si oD 2Patsei19Appl i cati on 61/ 255364 fil ed COctober 2CT/URR@O/05082ch is a
Continuation-In-Part of U S. patent application Ser. No, 12/079, 177, filed
Mar, 24, 2008. which is a continuation of US. patent application Ser. No. 1
1/595212. tiled Nov. 9, 2006, now U S. Patent No. 752746& which is a

Conti nuation of U. S Patent 0 6" 775, filed Mar. 22,
2004, now U.S. Pat No. 7, 137 AN ﬁ% ‘gﬂgﬁ‘é‘l‘aﬂé}ﬁmu mAn- Part of pc”-
Pat ent Application Ser. No PCT/ U82004/ 08578, filed Mar. 19, 2004, and
claims the benefit of U S. Provisional Patent Application Ser. No.

60/ 456 413, LSI onal Patent Application
Ser . &‘{é%ﬁ%iﬁtihﬁe’aﬁgﬁiéﬁ%zgﬁﬁﬁﬁtf -oF the above-ref erenced

a Ilcatl ons ar ereb ncor.por.a . r.ef.erer in.thejr ent
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fan array f@amsseet iRy Ltﬁdn'ﬁk&eﬁ“ | can alikn hé‘ftp“('u'i\ﬂn@&(ﬂtqmtnut of 118, patent
[0003] Ai r-handl'i ng systens (al so referred to as an alr handl er) have

traditional @ylﬂ)@en Sesetot 02707 T.iiond Bdar} ding¥sorw indomsa (Lhetmemnafx toerl!.8,

referred to as uct ur s") J ndj i system.is_defjned

structure tpﬁétf‘ﬁWBt&fa’éE %hAﬂt Bh Qf }&ﬁn‘%‘- ﬁlo Eb{’oa‘é‘t\h e ln‘%‘cl)‘ﬂr“kdef*j
condi tion &i ‘T”?aﬁ)tipa*hkhqg dtmﬂnanmmrm ?§$Sl§’§1'§11tf Qplvantd $at N@N@BG&VT:&JQ?M es
The air-handli ng stem ma contai n_conponents such as cooling coils,

heating coi'fl®: - f¢I iz‘t‘e*r S?O“hb P ¥ps . 1fadds. wbighds attenbanersin-Bahod é’l’isE
.1.nd ot her?aﬁ%t“ﬁzﬁc t%‘%claétomon%‘ L0 By @éﬁ&ﬂ%ﬁﬂf‘é& ‘pe'?f?}d“t& W88

ai r-handl | be rraral acturc ory an rough toth

structure tt;anéie af n%aPhﬁdefai Ptaremayp;iuﬁdbm BEr. O, SHSCUS B n@tett h&;uﬂﬁﬁ exmary
devices to neet the functioning needs of the structure. r - handl i ng

conpar t mentand §25 ofto¥ Al Faled AERPLiAG o a e SHEP U fifrs ‘TIﬁ‘l ef) HYnunl 202
prior to the fﬁ%@t i['fltf'otm&ﬁélﬁ)h}%‘gﬁqu ﬁﬂl?(%\qll}ég B8 tﬂlﬁﬂvmt%%ggat?%ﬁﬂh» -

t he- ai r - handl | ng conpart situate e fan unit

FIGS. 1 anch@xQ? 20 *Jﬁlt% ?ﬁnﬁl F_l(‘?’\tf an 106, and a notor 108). fan frane,

and any appurtenance assoc i at ed Wt he fune ion of the fan (e .
danpers, contr Ol t’}() ﬁet t }en{a}regeerg rt]m ezttaftgrczi ;I t‘izrtzst,%e?tctloa} gl?‘t a%r%p,l gn SeC ?Uﬂ wtilized o
an air—handi_mg system.
[G003]  Asr-handling svsterus {also referred to as ap air handler) have
waditionally been used to condition buildings or roms (hereinafter referred to as
“structures™). An air-handling system s defined as a structure that includes components
designed to work-together in order to condition air as part of the primary system for
ventilation of structores, The aw-handling svsiem may contain components such as
cooling coils, heating coils, filters, humidifiers, fans, sound attemstors, controls, and
other devices functioning to meet the needs of the structores. The aw-handling system

may be manufactured in a factory and brought o the structure to be installed or 1 may be

The a.tr-}mndlmg compartivent 102 of the air-bandhing system includes the inlet plenum
112 prior to the fan inlet cone 104 and the discharge plenum 110, Within the-ap-handhing
compartment 102 18 situated the fan unit 100 (shown in FIGS. | and 2 ag an indet cone
104, a fan 106, and a wmotor 108), fan frame. and any appurtenance associated with the

function of the tan (e.g dampers, controls, scitling means, and associated cabinetev).
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Wthin the fan 106 is a Pan wheel (not sho\Nn) having at |east one bl ade.
The fin wheel has a fan wheel dianeter that is nmeasured from one side of

t he out erwpenimisesty of the fan wheel to the opposite siaeTafS2el0e5@ma2 er
peri phery of the fan wheel. The dinensions of the handling conpartnent 102
such as height, width, and airway |l ength are determ ned by consulting |an
manuf acturers data ibr the type of lan selected. [0004]FIG 1 shows an

exenplary lor handll stem havi n it 100 housed
O Ry e o oo BB e SO Bsy s herty SE0F b8 hB0e.( The vt

100 is s ho‘@ﬁa Rayd R8-AR &G0 Sl Ot ed ﬁufr@&h;]s@@ ofand 0@{;(’?&1‘3511&%0& ihb-gpger
structures, structures requiring greater air volune, ruct dres

requiring hﬂqhbuﬂ the oppwe stde mp tat i riphsg tgéh:ei*’ialxﬂyehefé’dekﬂn‘zamh&ahgért wf an

102, [ ooos] ARTRG R iU SR DO koSt kot R 5<PRR R

subst ant i alchys@iing BachdnitRnaedidaahas ge rpleatym $1Qw@nd an inlet plenum 112
The conbi ned di scharge pl enum 110 and the inlet plenum 112 can be referred

to as the airwvayopaiih 12@. Thbodd MeunkipkR0 pray Deasihhudtgdsistent having a
dlscharge plenun1110 § showﬁ the | let plenun11éﬁ or part ally within
the inlet ﬁﬁ%ﬁuﬁf‘ﬂ?ﬁ AUk R aR) ]I“'ykWi‘ B ROTREYETY dar ‘ﬁk’é’ﬁ i BHO*Fhe
portion of (h €08y [0 ﬁ%&;\k}wﬁa_q\% hheb e dan | ?9'1% 100 15 )R{?Sl'()tx' pReg, may
be generically re erred to as t fan section” (1ndicated y ref erence
nuner al 114)1mﬂii"ne snxmma‘n.qhieing_ rsak*ﬁ&hr@mn@imﬁd mtstmumczeuo,mzmthhlgbmrﬂ%;r t he
size the myto ' and t he f I € ﬁ?ﬁ ? é% @ %
partially d‘é‘%‘%’?‘*ﬂ‘n‘*ﬁ‘e" PR 8 EHY H‘“S’r“‘" ‘iafr‘&}w‘“b i “”TE“H%‘ TSERIRE 2D
and/ or cooly,agr Lgphj@h(@%m‘ah@lwi imey be-added to the system either upstream

or downstream of fan units 100. [0006] For exanple, a first exenplary
structure requi I’[{J(UIQS]50 ﬁ@@h&u:blirpmeelt AR S mnﬂuﬁeu@fzp;atmuﬁIlqmaiubsimu&zﬁ)

i nches wat er e pressure wou -1-enerally require prior an alr-handllng
conpart msntd“ig? 1ot @é‘h‘eﬁ’éjﬂ@rﬁ’*‘%%““hw%ém%*ﬂsﬁﬂi‘iri«t‘ﬁ“i%ﬁé+I pe combipg! fersegower

ot or, and _Q%HPFECF]%Q% xﬁxﬁ%@i@%"ﬁ[&mﬁh‘e gﬁ 'er E%f"d fe Lg'a@’l% G ﬁa‘i’%ﬁ'ﬁa@%}

102, in turn wou mat el i hch i nches
wi de and 1(3@1&1@01;33’& henmi&e&c lsotig:. d:i[hewmpﬁmmni]lihmgﬁxbuof tikthm tamta;ha;nbm 0g
conpartnment 10
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Prior art cahinels t§é 4%‘1*@9»’ QH'ld@% SR rﬁé%ﬂh@r M*(ﬁk‘b@%mi@&ﬁ meOB | bs@li&h'«.ﬂﬂ an
ai r- handl i ng conpar hese rul es are based on opthnization" re gu
lat ions, abiedxkpes uh; m; \HI:{EC@E i(ogdicated by reference nameral 114). The stze of the et
cone 104, the sive of the fan 106, the size the motor 108, and the size of the fan frame
{not shown) at Jeast partially determine the length of the airway path 120, Filter banks
[22 andfor cooling coils (not shown) may be-added to the system erther upstream or
downstream of the fan units 100,
[Q006] For example, a brst exemplary structure requiring 30,000 cubic {eet
per minute of alr How at six {6) inches water gage pressure would geserally requive a
prior ari ar-handling compariment 102 large enough to hoose a 35 inch wmpeller. a 100
horsepower motor, and supporting framework. The prior art air-handling compartment
102, intorn would be approximately 92 inches high by 114 to 147 inches wide and 106 {o
112 inches long. The minimum length of the an-handling compartment 102 andior
airway path 120 would be dictated by published manofacturers data for a given fan type,

motar size. and application. Prior art cabinet izing guides show exemplary rules for

|
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[ 00071For exanple, a second exenplary structure includes a recircul ation
air handl er used in sem conductor and pharmaceutical clean roons requiring
26, 000 cwwDcofigst3per mnute at two (2) inches-water gageTarse&sms@s2 Thi s
structure would generally require a prior at air-handl-ng systemwith i a
haild ing conpartment 102 | arge enough to house a 44 inch inpeller, a 25
hor sepower notor, and supporting franmework. The prior art air-handling

conpartnent 102, .in tur ul d be approximately 78 inches high by .99 inches
N 46 ana. #oTBAKEE FhE KRS Wisgco MR Im PEG e HBSL PR AT oG

conpar t nenty: A0&;AR A @rexpbiveMaiat h 1 20 woul d be dictated by published
manuf acturers data for a given fan type, notor size and application. Prior

art cabinet sizijpguui des: showleXerplidrakefles sk wC ifdddd QUEkNGuRd air
air-handling conmpartnent 102. These rules are based on thjﬂl;@tlon, )
regul at i ondandipduedperiersngdisionhand phospraisal geaproost BHRTRERM TN WSt ens
have many RLQ b[.L‘:? q}?irﬂ.:{écatl i't#an(g%'} ti@&mg—%alhgv\‘fa@g s{@%&@{{%l LY tﬁ{u%m:'g NBsuid wenerally
[ 0009] Because real estate (€.g. structuré& space) is extrenely expensiVve,
the | arger :sipde ofridrhet df-haskifing ki g edrmanit-tantlinkQ2nipariexhr BFEhyee enough
undesirable. [0010] The slng%e fat units 100 are-tnsive tg produce and are
general |y dti8PewHHOdHE BEPTSE deRdRI B8 eT DO A8 FgPROTGH e peTia dbe ape
expensive to QPeLatig. L[)Q%&!%L}gunﬂ’f il 8 WakSuL A0 868t P HE QI8 N high T fiat
the , only have optimal or
mches wide and 94 to 100 inghes long The minimum length of the aw-handling
compariment 102 and/or airway path 120 would be dictated by pubhished manufacturers
data for a given fan type, motor size and application, Prior art cabinet sizing guides show
exemplary rules for configuring an air-handling compartment 102, These rules are based
on optimization, regulations, and experimentation.
[0008]  These prior art air-handling systems have many problems including
the following exemplary problems:
[(009] Because real estate (e structure space) 18 estremely expensive, the
larger size of the ar-handling compariment 102 is extremely undesirable.
[GO10] The single fan uniis 100 are expensive to produce and are generally
custom produced for each job,
[G011] Single fan units 100 are expensive to operate.
[00G12) Single fan wnits 100 are meflicient n that they only have optimal or
peak efficiency over a small portion of their operating range.
[0013) Ifa single fan unit 100 breaks down, there 18 no air conditioning at all,
[0014]  The low frequency sound of the karge fan umt 100 is hard to attenuate.
[GOLS] The high mass and forbulence of the large fan unit 100 can cause
undesirable vibration,
[0016] Heght restrictions have necessitated the ase of aw-handling systems
buill with two far units 100 arranged horivontally adjacent to cach other, It should be
noted, however, that a good enginecving practice is to design air handler cabinets and

discharge plenums 110 to be symmetrical to facilitate more tntlorm air flow across the



peak efficiency over a small portion of their operating range. [00111lIf a
single fin unit 100 breaks down, there is no air conditioning at all.

[ 0014] Thewbaw 1fosexy@aency sound of the large fan unit 100PC3/Us201d/05@52
attenuate. [0015] The hith mass and turbul ence of the large fan unit 100 can
cause uti deskable vibration. [0016] Hei ght restrictions have necessitated
the use of air-handling systens built with two lan units | (JO arranged

hori zontal |l y. adjacent tc gag‘,oth,r, .t sho Ig be noted, however, that a

good engi néBHirrad s %ar}l“(‘)efdg’é’iib Agieis HARAPE? DeSbitiEed WhrralsEh Srige
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desired flow rate. As shown in the Greenheck "Installation Operating and Maintenance
Manual" if side-by-side mstallation was contemplated, there were specilic instructions to
arrange the fans such that there was at least one fan whee!l diameter spacing between the
fan wheels and at least one-halt a fan wheel diameter between the fan and the walls or
ceilings. The Greenheck reference even specifically states that arrangements "with Jess
spacing will experience performance losses. ™ Normally, the air-handling system and aip-
handling conpariment 102 are designed for a anifbrm velocity gradient of 500 feet per
minute veloeity o the divection of air flow. The two fan unit 1030 air-handhing systems,
however, sitll substantially suffered rom the probloms of the single anit embodiments.
There was no recognition of advantages by increasing the namber of fan units 100 from
one to two, Further, the two fan unit 100 section exhibits a non-unitorm velocity gradient
i the region following the fan wait 100 that creates vneven air flow across filters, coils,
and sound atienuators.

[0017] if should be noted thai electrical devices have taken advantage of
multiple fan cooling systews. For example, ULS. Pat. No. 6414845 to Bounel uses a
muliiple-fan modular cooling component for installation in multiple component-bay
electronde devices, Although some of the advaniages realized in the Bonet system would
be realized in the present system. there are significant differences. For example, the
Bonet systemn 18 designed to facilitate elecironic component cooling by directing the
output from each fan to a specifie device or area. The Bonet system would not work {o
direct anr flow to all devices in the direction ol general air flow, Other patends such as
1.8, Pat. No, 4,767,262 to Simon and ULS. Pat. No. 6,388,880 to Ei-Ghobashy et al. teach
fan arcays for use with electronics.

[GD18] Even in the computer and machine industries. however, operating fans
i paraliel & taught against ag noi providing the desived results exeept in low system
resistance situations where fans operate in near free defiverv, For example, Sunon Group
has a web page i which they show two axial fans operating i parallel, but specifically
state that f "the parallel fans are applied to the higher svstem resistance that |an]

enclosure has, . . . less increase in flow results with parallel fan operation.” Similar
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vidth 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 ravpaotiwsengonmodate the desired flow rate. As sSROERUS201005@S52

G eenheck Installation Operating and N ai ntenance Manual ,” if side-by-side
installation was contenpl ated, there were specific instructions to arrange
the fans such that there wa.s at |east one fimwheel dianeter spacing

bet ween the fan wheel s .and at |east, one-half a fan wheel dianeter between
Che fan and*EREICHAT ISGTRE QAR HGSE BrRdt errlehiie dRAISR G G ReRIDIS Trom
speci fi cal lyyi-phaheRe bRt AREARIGMRILE Mt tbeh 88 SoRPAG! RY acld hEXPENIBRGE
pertbrmance losses,” No the ai'r-handlin System and an conpart nent
102 are desigrelilefapthipuwpmvhpapsiplloetit y gradi ent of 500 feet per ninute
velocity in the direction of air flow The two fan unit 100 air-handling
systens, hdEdEDESE RIFTIGNHQE il BYYYNJi#Nered from the probl ems of the
single unit enbodi nents. There was no recognition of advantages by

i ncreasi ng the nUdisdr ofhd aresemiiteention if dowmiche & gt woay Rarsekier it freairwo km

unit 100 segction exhibits a non-uniformvelocity gradient.in the regio
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devi ces have taken advantage. of multiple fan cooling systens. For exanple,
U S Pat. N8.agyaratghs rrospemed wsaxrde iy pleralitan! fodubib atgsek eHgicocy.
conponent fQr instal latl and Rl tipl e comnonentavnglaahs AN GedeviGes-
At hough sk RHRLOaR B Bl Wil S AR R L AL W B PO B

real i zed i mrahecqutigsaribn sysiietiert here e Sirgipifiioantows ffighdnodsst hody
exanpl e, the Bonet stemis designed to facilitate e] ectronic conpgnent c 00
ling by di FEBEEHZL. pRIUBYE pﬁ}tgh%&"o miledc ATRANCYYITARECI i @ JBEREC oYY ea,
The Bonet systemuuld not work to direct air flowto all devices in the
direction of general air flow, Oher patents such as ti .S. Pat No 4 7(7 to
Sinon and LS. Patpadio 67888::880nt ndi itGhahasiivs, ekaidtes, heRalvdaneabrays for
use with dectwnics. [0018] Even in the conputer and nachi ne industries,
however, opereatipngvilldwsipiy el pedergtiand wingheoratfaratien vd shastlopiey delery t he
dest 1 od 1 UL BRI SRRk ILBY NSt AT LESHBhALER R R ORR L R Bl T

operate in near Tree deliver or - exanpl e web page in
whi ch they show by ax! #he FA0SAPEHA!IAY Il PRER kRLresPlila IDCHILLEBY e
state that if t epralleﬁ fifie are applied to the higher systemresistance
that [an] emahosumelilesmorel esdly nekeasel iy dumsideratios wif ttse Wwibkvigadakllel fan
operation.” | es oé t.eachi nq alnst usin in parallel

Simlar exanples of teact -agal nal - Us fans, in pe
are founci dRTEHOLPE KB RECRLAKEN & PRbRT IGPighiEe Bin AROYREe Hes iy B y
thl i p:// st atd i ghlearm:eQMh . Akddeke by lan McLeod accessible at
(htt p: //wv?éf*piggds?%%%%‘?%i?‘%Féﬁﬂb@%ﬂW CF THE | NVENTI ON [ 0019] The

resent inventi .5 di ted to.a f.an array fan section in an. air-
P ?Hﬂ’iﬁsl f i%rc Ie s A side view aal’ an ¢xemplary prior art aw-handling system

having a single large fan unit within an air-handling compariment.

[0023]  FIG. 2 58 a perspective view of an exemplary prior art large fan onit.

[GO24] FIG, 3 15 a side view of an exemplary fan array fan section iy an ap-
handling system of the present invention having a plurality of small fan unily within an
air-handiing compartment,

[Q025] FIG, 4 15 a plan or clevation view of a 4 x & exemplary fan array fan
section in an air-handling system of the present nvention having a plurality of small fan

units within an air-bandling compartment.



handl i ng, system-that includes a plurality of .kmunits arranged in a fan
array and positioned within an air-handling conpartnent. One preferred
enbodi nerworman/iseibude an array controll er programed t@CoASL@EDNOSGRE
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 conflgurat ms. slightly offset, array_confi uratlon or
staggered array l@@Tﬁl. i £i-oh atf%@z»@f*ﬁh@f«m%ad?fnﬁ Fm e BB eak (i es

features, apdiaduant ﬁgﬁﬁxdﬁﬁv E\h&dx BY QRO W kndS: FRES: & BRELY ovRden $ipod
upon consideration of the fbl1ow ng detailed description of the i nvent| on,

taken in conjlundbiom ai-bindiing cappapaslyi ng draw ' Rigs. [0021] The foregoing
and ot her okiectives" features, and advantages of the invention will be
nore readily und8¢sil oodf i&pcfhbcbrh!swér»ht\m@m pERtHe B4 swirmyaddpaionay fan

dr avi ngs. _BREE Beadh B s R MR R MBS ey bR RF B CRAMAD
an exenpl aryitpritthin @ dir- hmmﬂ;hgmdm@mgmsmst em having a single arge fan unit

Wi thin an air-handling conpartnents [0023]FIG 2 is a perspective view of
an exenpl ary pr |[611L&éirt Fdr. geisf axmlammt: levpi@ORYR R G a 3 xi Besengiay fuiewapffaran
exenpl ary fxgc o ih (ura‘l m}sl?mg SY e o 3 prelem invention having a plurality of small fan
anits within an a-handling compartment.

[0029] FIG. 8 is a plan or clevation view of a 3 x 1 exemplary fan array fan
section in an air-handling system of the present vention having a plurality of small tan
units within an air-handling compartment.

[GD30] 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
stmall fan units are arrapged W a spaced paltern array within an air-handling
compariment,

[0031] FIG. 10 i3 a plan or elevation view of an alternative exemplary lan
array fan section in an air-handhing system of the present invention in which a plurality of
small fan onits are arranged m a checker board array within an ab-handhing compartment.

[0032] FIG. 11 15 a plan or elevation view of an alternative exemplary fan
array fan section in an air-handhing system of the present invention in which a plurality of
small fan units are arranged in rows slightly offset array within an ap-handling
compartment,

[0033] FIG, 12 18 a plan or elevation view of an aliernative exemplary fan
arvay fan section m an air-hapdling system of the present pvention s which a plurality of
small fan unils are arranged in colomns shightly offset array within an ait-handhng
coppartiuent.

[(034] FIG. 13 i3 a plan or elevation view of a 5 x 5 exemplary fan array fan
section in an air-handling system of the present invention running at 52% capacity by

tnrning a portion of the fans on and a portion of the fans off

-



handl i ng system of the present inventiO1l having a plurality of small fan
units witliM(: -handling conpartnment, [0025]FIG 4 is a plan or elevation
vi ew of awo mitidbegenpl ary fan array fan section in an &CTAlsa01di050092 syst em
of the present invention having a plurality of small fan units within an
air-handling conpartnent, [00261FIG 5 is a plan or elevation view of a
section in an air-handling systemof the present I nvention units within an
air-handling co rtmen% [[002. 7].FI G 6 is a.plap qr elevatlon Vi ew

PR AR o STel v R R REBRGABHET T RVeRENORP R B8 St R an
ai r - handl i ng.cempald SRALndQ028LK & te h8st RLARHOK r@h@UALT 9V, \agikiQf p@

section in an air-handli ng system of the present invention units wthi'n an
ai r-handl i ﬁgﬁm@mmimm he fans on and a portion of the fans oftl

[0036] FIG. 15 12 a side view ol an alternative exemplary thn array fan section
in an air-handling system of the present invention having a plurality of staggered smal
tan units within an air-handling compartment,

[0037] FiG. 16 is a perspective view of an exemplary fan array using a grid
system into which fan units are mounted.

[GO38] FIG, 17 is a perspective view of an exemplary fan array using a gnd
system or modular anits each of which mmcludes a fan wuis mounted within s own fan
anit chanther.

[0039] FIG, 18 is a perspeciive view Of an exemplary artay of dampeners that
may be positioned either i front of or behind the fan units.

[00443) FR3 19 is a fowchart showing an exemplary embodiment of a method
for controlling a fan array

{0041 FIG. 20 illustrates a proeess for caleslating motor load-effieiency that
may be carried out in connection with an alternaiive embodiment,

[0042] FIG. 21 illustrates a mudti-tier speed array processing seqguence carried
out in accordanee with an alternative embodiment to caleulate multiple sets of operative
fan units where each set of operative fan units includes a different RPM speed.

[0043) FICr 22 illustraes a fan arvay reconfiguration process implemented in
accordance with an alternative embodiment.

(0044 FIG. 23 illustrates a local fan array control system i accordance with
one enthodiment.

[0045] FIG. 24 illustrates a distributed tan array control svstent in accordance
with one embodiment.

[(46] FIG. 25 illostrates a distribnited fan arvay controd system i accordance

with another embodiment.



[00291FIG 8 is a plan or elevation view section in an air-handling system
of the present invention having a plurality of small fan units within an

ai r - handlwogotaspapt nrent. [0030]FIG 9 is a plan or el evariuseowioswsnf 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 spaced pattern array within an ai r-handling corrpartrrent 1003 | JFIG

10 is a plan or_. ati of an ,r tive exe ry fan array fan
section in an ail‘g "ﬁéndl ?Q}@ jé’y‘ﬁlt‘%mi%“fd 3%‘?1?”?%‘(}{% %’?6‘1}1{”‘?"1’1“%/\%‘*8 agee

plurality cfjisimbilerbaBotinids are arranged in a checker board array within
an air-handling conpartnent. 1003211FIG 11 is a plan or elevation view of

an alternative eueml ar yf.a7 iBldaesodsS@atel 08 hfaydue@iol syvaglkd Agoskstem of
the present invention in which a plurality of small fan units are arranged

in rows sl |"§H’t4®“?ﬁf~§?@t’d@w‘ay within an ai r-handl i ng conpartnent,
[0033]FIG 121 i@&l‘ﬁl anr HES ’“’%l gg;[alt&rli distri mt(z[i ignnm"? Ji\t &{nri]i%ﬁ IS\V&;?CI}?)i(ne nr d};ng an
with another embodiment.

[0030] FIG. 29 illustrates a distributed fan array control system in accordance
with another embodiment.

[GD51] FIG. 30 ilastrates a wave A and an opposite wave B formed in
accordance with an ersbodiment,

[G052]  FIG. 31 illusirates a fan apray formed in accordance with an alternative
embodiment,

[0033] FIG, 32 ilustrates an array of dampeners 250 formed in accordance
with an embodiment,

[0054] FIG 33 ilustrates an algorithim for operating a fan array in agcordance
with an ewbodiment.

0035 FRG. 34 dlustrates an algorithm for operating a fan array in accordanece
with an embodiment.

[0036] Fitr. 35 illustrates an algorithm {or operating a fan array i decordance

with an embodiment.

[0037] FIG. 36 illostrates an algorithm for operating a fan array in accordance
with an embodiment.

[0058] FIG. 37 dlustrates a local ftan array control svstem formed in
accordance with an ersbodiment,

[(059] FIG. 38 illustrates a distribnited  fan areay control system formed in
accordance with an embodiment,

[(D60] FIG. 39 ilhustrates a block diagram of a svstem formed n accordance

with an embodimnent,



array fan section in an air-handling systemof the present invention in
which a plurality of small fan units are arranged in colums slightly
of f set arwayow/ashiim an air-handling conpartnent. [0034] PCGUS2B0i050082 pl an or
el evation view of a 5 x 5 exenplary fan array fan section in an

ai r-handl I ng system of the present invention running at 52% capacity by t

Li mng portion of the fans On and a portion of the fans off WD

2011/ 05631 010/.050052. [ 003, a-plan or elevation view of a
5 x5 exengfa'r}’Lﬁﬁgbgf\(zg\aggéﬁ‘h§§c?ﬁgr{%"ﬁl\éh g? -handl i ng system of the
present inventian runm ng at 32% capacity by turnink. a portion of the fans

on and a portion@fllt het ‘aﬁ%“*d?‘fmf%’@%]iff:ﬂ@“%*q 8§ 1 e Tapy g gt irpgp air-
al ternative,exenplafy, f@anbl%ﬁxfna% zfz@& %eF“t RN L AR B wﬂ?cﬁx]d'n tpél 4§r&i§&t&m

the present I nvéention having a plurality of staggered an unit
within an aystedhane & pgealagpdritdrentul G037 i GitsIBI S arxq)gmw&ﬂtﬂnvmdwtaaw of
an exenpl ar]yc Ia%nunai'{sr@% Lgf Iag nggdgmlad true array (FIGS. 4-8), but alternative embodinents
may inchide, for example, alternative arrangements such as in a spaced pattern (F1G, 9),a
checker hoard (FIG. 10), rows slightly offset (FIG. 113, or columns stightly offset {(FIG.
123, As the present invention could be implemented with true arrays and/or alternative
arrayvs, the term "array” is meant to be comprehensive.

[0062] The fan wuis 200 in the lon array of the present invention may be
spaced as fitile as 20% of a fan wheel diameter. Optimum operating conditions for a

closely arranged array may be found at distances as low as 30% to 60% ol a fan wheel

diameter. By closely spacing the fan uaits 200, more air may be moved wn a smaller
space. For example. if the fan wheels of the fan onits 200 have a 20 inch fan wheel
diameter, ondy a 4 inch space (20%) 15 needed between the outer pevphery of one fan
wheel and the onter periphery of the adjacent fan wheel {0r a 2 inch space between the
outer periphery of a fan wheel and an the adjacent wall oy ceiling).

[(063] By using smaller fap units 200 it is possible to support the fan unils
200 with less intrusive structure (fan fame). This can be compared to the large fan frame
that supports prioy art fan vnits 100 and functions as a base. This large fan frame must be
large and sturdy enough to sapport the entive weight of the prior art fan unis 100
Because of their size and position, the known fan {rames cause nterference with air flow.,
In the preferred embodiment, therefore, the fan units 200 of the fan array mayv be
supporied by a frame that supports the motors 108 with a minimum restriction o awr flow.

[G064] As mentioned in the Background, others have tried using side-by-side
mstatlation of two fan wniis 100 arvanged borizontally adjacent to cach other within an
arr-handling system. As i also mentioned in the Background. fan arrays have been used
in electronic and computer assemblies, However, in the air-handling svsiem indusiry, it
has always been held that there must be significant spacing between the horizontally

arvanged fan wheels and that arrangements with less spacing will experience performance



systeminto which fan units are nounted. [0038]FIG 17 is a perspective
view of an exenplary fan array using a grid systemor nodular units each of
whi ch i ncwodes/@e31an units mounted within its own fan uRCI/USh@Ei08052
[0039]FIG 18 is a perspective view of an exenplary array of danpeners that
may be positioned either in front of or behind the fan units, [00401FIG 19
Is a flowmhart show ng an exenpl ary enbodi nent of a nmethod for controlling

a fan array [0041 FIG 20 il lustr I ocess calculatin
| oad- ef fi C% Ry - A Mg ‘frlrﬁ"t‘ B TBRYS;: ’i‘&ﬁ‘éd’t‘ E ﬂ“&%ﬁﬁe@t‘*’i“éﬁ“ﬁn"t‘ R G ‘*ﬁ‘ﬁ‘éﬁ‘u ve

embodi ment sn{d@%i%hf Lﬁs;@i‘h@' 11 polikales ;ﬁzc”&lh% kBl SREEEH: ARTRAYIRESEESRI NY

sequence carri ed
other fan. To alleviate the mterference problem, the fans had fo be spaced within certain
guidelines--generally providing a clear space between the lans of a distance of at least
oune wheel diameter (and a half a wheel diameter to an adjacent wall). Applying this
logie, # would not have made sense to add more fans. And even it additional fans had
been added, the spacing would have continued to be at least one wheel diameter between
fans. Huther, in the aw-handhing system industry, vertically stacking fan units would
have been anthinkable because the means fHr securing the fan uniis would not have heen
conducive to such stacking (they are designed to be positioned on the floor only).

[0063) it should be noted that the plenum fan is the preferred fan unit 200 of
the present invention. In particular, the APE-12]1. APF-141, APF-161, and APF-181
plennm fans (particularly the fan wheel and the fan cone) produced by Twin City Fan
Companies, Lid. of Minneapolis, Minn., ULS. has been found to work well, The reason
that plenam fans work best is that they do not produce points of high velocity such as
those produced by axial fhns and hounsed centrifugal fans and large plenum lans,
Altermative embodiments use known fan units or fan uois yvet to be developed that will
not produce hugh velocity gradienis in the direction of air flow, Still other embodiments,
atbett less efficient, nse fan units such as axial fans andfor centrifygal housed fans that
have pomts of high velocity in the direction of akr flow,

[0066G] I the preferred embodiment, each of the fan uaits 200 in the fan atray
fan section in the air-handling svstem i controlled by an array controller 300 (FIGS. 13
and 14). In one prefered embodiment. the array controller 300 may be programmed to
operate the fan units 200 af peak efficiency. In this peak efficiency embodiment, rather
than running all of the fan units 200 at a reduced efliciency. the array controller 300 turns
off certain fan units 200 and rung the remaining fan vnity 200 at peak efficiency. 1o an
alternative embodiment, the fan anits 200 could all run at the same power level (e.g
efficiency and/or flow rate) of operation.

[G067]  Another advantage of the present invention is that the arrvay controfler
300 (which may be a variable frequency drive (VED) used for controlling fan speed and

thus flow rate and pressure, could be sized for the actual brake horsepower of the fan

-1



out in accordance vith an alternative enbodinment to calculate nultiple sets
of operative fan units where each set of operative fin units includes a

di f f erentwBPM1gpsesnd, [ 00431FI G 22 illustrates a Ein arpay/usecionsiogur ati on
process inplemented in accordance with an alternative enbodi nent.

[0044]FIG 23 illustrates a local fan array control systemin accordance
with one enbodinent. [0045]FIG 24 illustrates a distributed fan array

contro.l systemin accordance W h one e [0046].FI G 25
i || ust r at eS74Y dHSE] ‘B’&i‘é‘g f‘%tn‘“'é‘ﬁ Ay OSER rﬁ)’é‘fjs‘fq\gwwﬁ' %’c‘é‘é!‘ HaHEb At Fafot her

embodi MeNt ,oniimized over a wide range of flow rates and pressures. the actnal operating power
consamed by the fan aray s substantially less than the actual operating power consumed
by the comparable prior art aw-handling svstems and the array controller’s power canld
be redoced accordingly. The wray controfler 300 could be sized to the aclual power
consumpiion of the fan array where ag the controller (which may have been a vartable
frequency drive) in a traditional design would be sived to the maximum nameplate rating
of the motor per Blectrical Code requirements. An example of a prior ant fan design
supplving 50,000 cubic feet per minute of air at 2.5 inches pressure, would require a 50
horsepower motor and 50 horsepower controller. The new invention will preferably use
an array of fourteen 2 horsepower motors and a 30 horsepower array controlier 300.
[D068) This invention solves many of the problems of the prior art air-
handling svstems including, but not hmited to real estate, reduced production costs,
reduced operating expenses, increased efficiency. mproved awr flow oniformity,

redondancy, sound attenuation advantages, and reduced vibration,

Controllability

[0069) As mentioned, preferably each of the fan vnits 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 pmgmmmed to operate the fan units 200 af peak efficiency. In this peak
efficiency embodiment, rather than rumning all of the fan units 200 at a reduced
efficiency, the aray controller 300 s able to tum off certain fan units 200 and ron the
remaining fan wsits 200 at peak efficiency. Preferably. the array controller 300 i able to
control fan units 200 individually, in predetermined groupings, andior ag a group as a
whaole,

[Q070] For example, m the 5 x 5 fan array such as that shown in FIGS. 5, 13,
ard 14, a person desiving to conivol the array may seleet desived air volume, a level of air
How, a patiern of air flow, and/or how many fan units 200 to operate. Torning fist to air
volume, each fan umit 200 in a § < § array contribates 4% of the total alr. In variable air
volume systems, which i what most siractures have, only the number of fan units 200

required to meet the demand would operate. A control system (that may mchade the areay

-t~



[00471FIG 26 illustrates a distributed fan a a. control systemin
accordance with anot her enbodi nent. [0048]FIG 27 illustrates a distributed
fan arraywoantwish3digyst em i n accordance w th not her enbodiCrask010/08®49] FI G
48 illustrates a distributed fan array control systemin accordance with
anot her enbodi nent. [0050]FIG 29 illustrates a distributed fan array
control systemin accordance wi th anot her embodi ment, [0051]FIG 30

Ielrr{)ng ;rg;'? Smgtm u%(‘@) WO d%e mep %Si{lﬂteefamty\ga %U { on {T;?t‘ {an "¢ {’;\\ﬁcgir} gglrt]QF Wy V\znmt( I:.l) ? :
ling (an "OFF" fan wut 200) individually. This ability 10 twn fan uniis 200 on and off
could effectively chindnate. the need for a variable frequency drive. Simldarly, cach fan
anit 200 i3 a 5 x 5 array uses 495 of the total power and produces 4% of the level of air
flow, Using a control system to take fan unis 200 on line and off hine allows a user o
control power usage and/or air flow. The pattern ol air Hlow can also he controlled it that
would be desjrable. For example, depending on the system i iy possible to ereate a
pattern of air flow ondy around the edges of a cabinet or air only at the top. Finally,
individual fan vnits 200 may be taken on line and off line, This controllability may be
advantageous if one or more fan vnits 200 are not working properly, oeed to be
maintained (e.g. needs general service)., andfor need to be replaced. The problemaiic
individual fan units 200 may be taken off line while the remainder of the system remains
tolly functional. Once the individual fan units 200 are ready for use, they may be brought
back on Hne.

[G071] A further advastage to taking fan unils 200 on and off line occurs
when building or strocture control svstems require low volumes ol air at relatively high
pressures. Inthis case, the fan units 200 could be modulated to produce a stable operating
point and elimmate the surge effects thal sometimes plague structore owners and
maintenance stafl The surge effect 13 where the system presswre s too high for the fan
speed at 8 given vohume and the fan unit 200 has a tendency to go into stall.

[0072] Examples of controllability are shown in FIGS, 13 and 14, In the fan
arvay fan section in the air-bandling system shown in FIG. 13, the arvay controller 300
alternates "ON" fan onits 200 and "OFF" fan onits 200 in a first exenmiplary pattern as
shown so that the entire system Iy set to operate at 52% of the maximum rated air flow
but ondy conswmes 32% of full rated power. These mumbers are based on exemplary
typical fan operations in a structure. FIG. 14 shows the fan array fan section i the air-
handling system sei to operate at 32% of the maximum rated air flow but only consumes
17% of full rated power. These numbers are based on exemplary typical fan operations in
a structuve. In this embodiment, the array controiler 300 creates a second exemplary

pattern  of "OFF"  fan  wnits 200 and  "ON" fan units 200 as  shown



[0052]FIG 31 illustrates a fan array formed in accordance with an
alternative enbodi nent. [0053] F10 32 illustrates an array of
danpener sworznads63im accordance with an enbodi nent. [ O052CFIUS2@8/050052st r at es
an algoritin tbr operating a. fan array in accordance wth an nbodi nent.
[0055]FIG 34 illustrates an algorithmlbr o rating fan array in accordance
wi th an enbodi nent. [0056]FIG 35 illustrates an algorithmfor o rating |
an array in accordance with an enbodi nment.

Real Estate

[0073) The fan array fan section iy the air-handbing seetion 220 of the present
myvention preferably uses (60% to 80%4) less real estate than prior ant discharge plenums
120 (with the hundred serfes number being prior art as shown in FIG. 1 and the two
hundred series number being the present wvention as shown i FIG. 3} m air-handhing
systems. Comparing the prior art (FIG. 1) and the present invention (FIG. 3) shows 8
graphical representation of this shortening of the airway path 120, 220, There are many
reasons that asing mohtiple smaller fan units 200 can reduce the lenpth of the airway path
120, 220, For example. reducing the size of the fan wuit 100, 200 and mwotor 108, 208
redoces the length of the discharge plenum 110, 210, Similarly, reducing the size of the
infet cone 104, 204 reduces the length of the nlet plenum 112, 212, The length of the
discharge plenum 110, 210 can also be reduced because atr from the fan array fan section
i the air-handling svstem of the present invention s substantially untform whereas the
prior an air-handiing system has points of higher air velocity and needs time and space t©
nux so that the flow is uniform by the time it exits the air-handling compartment 102,
202. (This can also be deseribed as the higher static efficiency in that the present
mvention eliminates the need for settling means downstream from the discharge of a
priov art fan system because there 18 fittle or no need to transition from high velocity to
low velocity,) The fan array tan section i the abr-handling svstent takes in alr from the
wlet plenum 212 more evenly and efficiently than the prior art air-handling system so
that the lenath of the inlet plentm 112, 212 may be reduced.

[0074] For purposes 0f comparison, the first exempdary stracture set forth in
the Background of the Invention {a strueture requirmg 50,000 cubie feet per minute of air
flow at a pressure of six (6) wches water gage; will be used. Using the first exemplary
structwre an exemplary embodiment of the present invention could be served by a
nominal discharge plesum 210 of 89 inches high by 160 inches wide and 30 to 36 inches
long {as compared o 106 to 112 inches long in the prior art entbodiments), The discharge
plenum 210 would melude a 3 x4 fan areay fan section in the air-handbing svstem such as
the one shown in FIG. 0) having 12 fan onits 200, The space required for each exemplary

fan enit 200 would be a rectangular cube of approximately 24 to 30 ches on a side



[0057]FIG 36 illustrates an algorithmfor op rat ingarray in accordance
with tn enbodinent. [O0058]FIGillustrates a. local fiin, array control
syst em f owgedivaséagcor dance with an enbodi ment.. [0059] FCGUS3@o0iokdoast r at es
a distributed fan array control . system .16 led in accordance with an
enbodi ment. [0060].FIG 39 illustrates a block diagram O a system forned
I n accordance with an enbodinent... [|)E-17 El DESCRI PTI ON OF THE | NVI HNT: 1

N . . - C . 5 s : :
- depending on the arcay confipuration. The ajrway path 220 48 42 to 48 inches (as
compared to 88 to 139 inches in the prior art embodiments).

{0075] For purposes of comparison, the second exemplary structure set forth

i the Background of the Invention {a structure requiring 20,000 cubic feet per minute of
air flow at a pressure of two (2) inches water gage) will be used. Using the seeond
exemplary structure, an exemplary embodiment of the present invention could be served
by a nominal discharge plenunt 210 of 84 inches high by 84 inches wide, and 30 to 36
wches long (as compared to 94 to 100 inches long i the prior art ervbodiments). The
discharge plenum would melude a 3 x 3 fan array fan section in the aw-handling svstem
(such as the one shown m FIG. 7) having @ fan wots 200, The space required for each
exemnplary fan unit 200 wounld be a rectangular cube of approximaiely 24 to 30 inches on
a side depending on the array configuration. The awway path 220 is 42 to 48 mches (ay

compared to 71 to 95 inches in the prior art embodiments),

Reduced Production Costs

[0076] it is generally more cost effective to build the fan wray fan section in
the air-handhbing system of the present invention as compared to the single fag unit 100
used in prior art alr-handling systems. Part of this cost savings may be due to the fact that
individual fan units 200 of the fan apfay can be mass-produced. Part of this cost savings
may be due to the fact that 1t i3 less expensive to manufactore smaller fan vnits 200,
Whereas the prior art single fan units 100 were generally costom built Tor the particalar
purpose, the present ipvention couldd be implemented on a single type of fan woit 200, In
alternmative embodiments. there might be several fan units 200 having different sizes
anddfor powers (both input and ouwtpit). The different fan units 200 could be used v a
anit 200, Even when the smaller fan units 200 are custom made. the cost of producing
multiple fan units 200 for a partieuar projeet is almost always less that the cost of
producing a single large prior art fan unit 100 for the same project. This may be hecause
of the difficulties of producing the larger components and/or the cost of oblaining the
larger components necessary for the single large prior art {an unit 100. This cost savings

also extends to the cost of producing a smaller air-handling compartment 202,

14



[ 0061] The present invention is directed wa fan array fan section in an
air- handling systen. As shown in FIGS. 3-12, the fan array fan section in
t he air-msodbimgenystem uses a plurality of individm| @Ccmgiseoasosnits
200. In one preferred enbodi nent, the fan units 200 are arranged in a true
array (FIGS. 4-8), but alternative enbodi nents may include, for exanple.
alternative arrangenents such as in a spaced pattern (FIG 9), a checker

(Fia 12) . as 1 HaVBHech Srnotioresruatinctedt s Siraibaa i oh o fue rfay e
andf or alt %ﬁﬁﬁdrv Gl LAY Sl t‘»e\ién?rlrbn (A0 A B MERAE T QoG C QBRE ShePShy €.
[00621The fan units 200 in the tan array of the present invention nmay be
spaced as linplehentsl 12006 bidinar %ﬂawnmhe«el mtﬁ:ﬁaniat\gm tgptitatm opidr ded ngits 200

30% to 0% b1 et P aneropou wfTBLmdy o Rl B ARG Pebo0 °°
nore air mayuberdmY edcdidbkdheSBIthetnsPare in lim mﬂxﬁémlﬁ%mahf,e E:sh&ui;@sﬂnm&ﬁ{ s of
the fan units 200 have a 20 inch fan wheel dianeter, only a 4 inch Qace
(20% is neeyedRrBEEiey ltuh@%w@wbéy iophE st Sotan fan Wikdethe dmd vaike’

peri phery qﬁn}geﬂ%ghacent fan wheel or a 2 inch space between the outer
periphery o AN Wheel and an the adj acent wall or ceiling). [0063]: By
using smallerunits 200 it is possible to support the fan units 200 with

| ess intrusive structure (fan frane). This can be conpared to the |arge fan
frame that Rdppor@serpwigdixmansest an units 100 and functions as a base. This
large fan frame nust be |arge and sturdy enough to support the entire

wei ght of the prlﬂ%ﬁslart hamruATes fapesctiBadaube athadbpg ssitom ofnide psiest on,
;Prgol(;n(r)remﬂ tf n\h é‘?‘gr{g?éld@ﬁi%‘:‘ Sgta:se{ %E}%@ 8(6\’\%%“1% al{i{a f)Lf?(W 114 Qn i{lﬁd@{vet‘%gn% ted
by a frame tbhake s8pRAr Slekibetinnt Qbﬁu@Q&dmmhuamm muﬁk:umﬁume@t hekdraimd of ai r
flow. [00641As nentiaoned in t he Back%round others have tried using

si de- by- si d&® PR Adio Yo IS ek $Peob ey paikigdd Hist if%wr:aﬁmwm

adj acent t g.8a00. QbR oWrs D 180 Ak ;AR Ropsystem As is al so mentioned
in the Backgrouné fan arrays have been used In electronic and conputer
assenblies. However, in the air-handling systemindustry, it has always
been hel d that there must be significant spacing between the horizontally
arr an -d tlesresskéditisciand . h'it arrangements with | ess SpaC|ng W

experi ence perfornance | osses. % _ single |large fan es all the air in a
cabinet. Using ti/%9f tRbe &amarey P‘g%*@ﬂw“s‘ﬁ‘aldlﬂe@mﬁh% spaes et HHSTaRt

produced by Qiifoh Yt 8ok PERLE SrNLRG Bl Ly PRANREH. Wb 1OLDSE dan. To

alleviate the 1 nt erence oblem t ans aced\M
certain gundmiilmlesamgé‘ﬁ@mk hyz grpevi difng:ray cTiﬁam\mnaﬂmkbanmah\ itthd ﬁuanmts)f a

di st ance of l e st one wheel ameter (and ter to an
adj acent warl“ﬁ)"“ %@ F‘h@”et‘ﬁ‘i‘f ‘“F'gjkjf“é‘“ “""t"b\% ‘6‘6}%? “H%\%%dt g%é P
nore fans. ﬂ?*ﬂ‘ineﬁﬁ% Lbﬁtx&fé@'hbu enak nt %Ek%i t‘i!@@ni?@ﬁ& @Hﬁ%ﬁt’a ’,Bbl‘)e AS RAGHY Ryl d

have continued to be at | east one whe di aneter between fans. Further, in
the air-hard iumgy sgstodm Bpdlusny yit w&m&n toalibiys SPGokd ng@qﬁamammm@;vwmhduhave
been unthlg%ﬁ L @>%€use t he neans for securing the fan units woul d not
have been condut* “%idch stacking (they are designed to be positioned on
the floor only).

Redundancy
[G080]  Multiple fan units 200 add to the redundancy of the svstem. {fa single
fan unit 200 breaks down, there will still be cooling. The array controller 300 may take

disabled fan units 200 into consideration such that there is no noticeable depreciation in

cooling or air flow rate. This Rature may also be uselil during mamtenance as the amray



[0065] 1t should be noted that the plenumtan is the preferred fan unit 200
of the present invention. In particular, the APF-121. APF- 141, APE- 161,
and A PF-wouipisestam fans (particularly the fan wheel amdTiuseoasmospne)
produced by Twin Cty Fan Conpanies, Ltd. of Mnneapolis. Mnn., US. has
been thund to work well, The reason that plenumfans work best is that they
do not produce points of high velocity such as those produced by axial fans

and housed centrifugal fans apd |arge p um fans, Alternpative, enmbodi nents
use known PARCEHT A ToRar AN S0yt )%Qwa@rfer«b&*édwwew 9iF “ﬁow’fg BHuce

hi gh vel ocio¥cQbatipRiaion it Reuidu@aliRRy At @i r flow. Still other

enbodi ments, albeit |less efficient, use ran units such as axial tans and/or
centrifugal housed rall S that have points of high velocity in the direction
of air flow, [00661lIn the preferred enbodi nent, each o the fan units 200 in
the fan arﬁ@%*ﬁ\Ni@ééwpdﬁhﬂwﬂ@ﬁ1r-|randI|ng systen1|s controlled by an

array controller (F 3.and 14) preferred enmpodinent. the
array control | erm‘g‘ﬁg b“bé“éé’r Sgﬂ‘&r‘r’t‘r%c?“f‘ﬁi?é‘geisat‘@k’t”hémf 3?1“5325’ ds @HeREe peak

efficiency attbﬁhatl:hihﬁn H%@K\\eiﬁq'u&‘sﬁ%ﬁn@m‘é“ B0 oAl ReLadkdan fuaniipgs gk of
the fan units 200 at a reduced éfficiency, the array controller 300 -turns

of f' certaAWWﬁamﬂumwu@uEQQWagﬂwﬂmnsrkhezmﬂﬁnﬁunmhguﬁammuwk&siQomuaﬂﬁpé&k
efficiency. n al ternat fan run
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[ 0067] Anot heguaddvaptadprodhicddns: ML @5QRL lnHRVIBR L:HD mmn ST i{J\ﬂ&z‘ahheu A0k @its 200
controller 300 (Which may be a variable frequency drive (VED)) used fbr
cont r ol | i ng¥iflaaacls peeigicainor pHusef fish thdtaoany presdure cedupelt pall sitzrgt hr

t he act ual I wLne L N, 36 : ;
air-handl i r(f% lf‘%tubx Q}tg}é\{eé}‘ﬁ n&u ti{t xf&l?‘ﬁ;a% égirllgl\?\a ﬁﬁ&é r“?(*é i;}ug éi%ﬂh%;oi art
optim zed gvaema W de range of flom/rates and pressures, the actual
operating power consuned by the f-an array is substantially |ess than the
actual operating power consunmed by the conparable prior art air-handling
systens andythe. arfangontroller's power could be reduced accordingly. The
array controller 300 could be sized to the actual power consunption of the
fan array where A@@s“’q he epntHaliher: d(\wmlﬁ,hzmayw hﬁqu@@ﬁﬂ iRoYabh apke gt;{a@@wency
drive) in a traditional design would be sized to the maxi num nanepl at e
rating of tHeechordr kwe‘r n@be@m{hmﬂu i@@d@icp alguite amimﬂsﬂnbe\hlne&ﬁwplcém@f“ Bspri or
art kin deSIhCal'it muBPmyt'he dw e unﬁum“:? Of\gi% i \pgzat;man}gtz mﬁ lna{’m muuz“'(]% Wm:hes
pressure, fd‘re ui *E hor'sepower 3 Bi's

control | er U"inkxntﬂ%ax@%}%rhﬁ‘ﬁﬁﬂkh@aﬂm\éﬂJu{cr:@ﬂi{ﬁf @tabhis WHEeaN uﬁf‘{n@M e@t: xtuhu igen 2
hor sepower notors _and a 30 hor sepower arrI controller 300.
to shght differences in phase. Fach fan unit 200 of the nmuliple fan units 200 manage a
smaller percentage of the total air bandling requivement and thus produce less furbulence

i the air stream and substantially less vibration,

ALTERNATIVE EMBODIMENTS

[0083) As mentioned, in one preforred embodiment of the invention, the fan
units 200 are modular such that the svstem is "plag and play.” Such modular units may be
implemiented by including structure tor interlocking on the exterior of the farn units 200
themselves. Alternatively, such modular wnits may be implemented by using separate
structure for interfocking the fan enity 200, In still another alternative embodiment, such
moeduolar units may be implemented by using a prid svstem into which the fan unitg 200

may be placed.
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100681Thi s invention sol ves many of the problens of the prior art air-

handl i ng systens including, but not limted to real estate, reduced
product i omOcostEse31weduced operati ng expenses, i ncreasedPefiSecoionsons2
improved air flow uniformty, redundancy, sound attenuation advantages, and
reduced vibration. Controllability 100691As nenti oned, preferably each of
the fan units 200 in the fan array fan section in the air-handling system

is controlled by arr controller 0. FIGS. 13 and 14 (tht
progranmed to opebatle tﬁé fEh*ﬁﬁTﬁ@‘?ﬁg” difrepb SRPE AR CFRREYY & '%HFé péak

efficiency lﬁﬂbgﬁhﬁﬁm mﬁ%ﬁdﬁ%”&ﬁﬁﬁﬁb@ﬁ&w% af uat dizﬁ%ﬁflﬁ&t U&!L 52 O vate a
reduced efficiency, the array contfoller 300 is able to turn off ceftain

fan units zmmamz anghort thalt vetiei ﬁwn@" hzaﬁliugncvmp@@@erat‘(ﬁeake &ff roiseiGymay
Preferably,, t Lhe arr. ntr S

T ot ol e PG RO Rt Simings P GrBRTbE As ardBh i, R
[00701For exaoph&, fdanukifie 200 Xndy baneRily a¥msual) asinthat, 3ReWR rbRaddiCS i,
13, and 14, a person desiring to control the array nay sel ect desired air

vol ume, a [cEvhemingnt ajses ap ¥R pyatRiaRh n@s)ﬁmamrnmil ew thahangorhdte Mg $&h
uni ts 200 tg,.0on % zﬁ%r?em{f‘y R% j% hb\‘%%imﬁ’m N/O I, ¢ ﬁ%&?&ﬂﬁ’%&m?%u}{‘ as

X 5 array con tota ThVaria

whi ch is wzap }ﬁpﬁtphﬁﬁﬁll&l(lﬁw;‘ﬁts ﬁlsta\fﬁmnon&uymeﬁ hie: Ruriber caf Jrnhunbhis }%Q&‘md
required to neet the demand would operate A control s sten1(that may
i ncl ude t hahgthagimegsians of frerersony Iwm # ibet\}éféﬂfﬂtoﬂ%akﬁé{ fryy ‘?&mﬁ¥1é‘f%‘€§ on

line an " (YN; Ixa"lnb'%{w)“%&%m@ﬁﬁr ST } LG5 0O 1%% ek Mr:‘:;; %;01%9191')» dhc spaced

i ndi vi dual 'y an units Bn an

ef fecti vel yméia%mtﬂaue“fﬁ‘helinémd\xﬁ@ﬂ danvagri teblenfthejuendy 28¢.i ve. Sinmilarly,
each fan unit 200 in a5 x 5 array uses 4% of the total power and produces
4% of the |evel [Bf8HFir Fiow,7 thoinsi Wget@lw@mmomawth@wtg@tdt‘ak@nf«anmaﬁm@% 200

QD line anqmg% hah | u,ﬂﬁ\ Lo g% 8 Ml.‘\% (é)opﬂg 18|i1)1 Hl?u(%}/\@gh ;\g\g hﬁa\ﬁ‘%’%&e 1 iizlcz%f)\év

The pattern of "air cont sira

For exanpl excAlpRendinhgdigRnt, h&eﬁXﬁtiﬁmfiﬂ ohiss POG %ubhauh@d Gireateord paliiean of
in flowonly around the edges of a cabinet or air only at the top.

CFinal ly. itfdpvmaust 24 antinit swoen ﬁay champdicdm- bw1~|méi¢faﬁ*é|ea¢wdtmﬁﬁb’twrhl s
control | abi ihd {11}411 PS%M ,1?33 ﬁq\égﬁl&%gFQlﬂf ale QQ? Al < s e d; f_‘ﬂﬂﬂx&' ﬁlrlr%qu AhCullPt

wor ki ng proper mal ntai ne service)
and/ or need:hmﬁhtbe“:r:lepkcacézdi thEne ipno birewdit§ pdqssi};m ’Mfduafk etiehiw, UTiit slnzmkmay be
taken offline vvh%ﬁe t he remai nder of the.s &é-Stemre | ns fully functional.

Once the i AEFVEHAH tepdhiodRprevespiot %ﬁ» é“}”@% Ferntigddl t hey may be brought

lbia(r:]ié 82 CL:, ge. [ QQ&]{)J[A fW’)t hﬁ}r S sth% n ikil{x ll’!’nmtw% uugude Oné ?)ge off

more interfor ewrface made from or Bned with an acoustically absorptive material or
"insulation surface” 248, Going against conventional industyy wisdom that swfaces
canpot be placed in close proximity with the fan units 200, the present mvention places
one or more wsalation sarfaces 248 at least partially around each fan unit 200 without
disrupting air flow. The msulation surfaces 24% may oclpde one or more of the sides,
top, bottom, front, or back. Exemplary tvpes of msulation include, but are not limited to
traditional insulation board (such as that made from inorganic glass fibers (fiberglass)
alope or with a factory-applied foil-serim-kraft (FSK) tacing or a factory-applied all
service jacket (ASD)) or aliemative nsulation such as open cell toam such as that
diselosed 1 ULS. patent application Ser. No. 10/606435, which s assigned {o the
assignee ol the present mrvention, and which the disclosure of which is hereby

ncorporated by reference herein. Together, the insulation surfaces 248 on the fan unit

-7



when building or structure control systens require |low V01(1111CS of air at
relatively high pressures. In this case, the fan units 200 could be

nodul at edwbaopraséilee a st abl e operating point and el i m maTASkie/0SM95€
effects that sonetines plague structure owners and mai ntenance staff. The
surge eftect is where the systempressure is too high tor the fan speed at
a given volune and the fan unit 200 has a tendency to go into stal

[ 0072] Exanpl es, of ntrollability are sho in Fl| fan
array fan é*é&‘f} P 4 %f‘t‘ﬁie“‘ %‘%“" $ heyp %’y%mgﬁ’f@ho‘wﬁ“ﬁ o ‘Ii‘F %\“‘“ﬁfﬁ‘ of h‘e‘“ hli’
control I er 3004 §RAAAES I rfmaf'ﬂid‘éﬂ'aﬁ%<@QQ’1§§¥?@L)1"@1: fersf N Mﬁ&%u&o@obn a
first exenplary pattern as shown so that theentire systemis set to

oper at e at 8294 @$) td%tenﬁbxiumm% atsda@ivptif h@)wnbigt:q ohlﬂw coh stire snBRYedts ul |
rated power. .These ){ ¢ i(@ ed on. exenp i g %Q qﬁ f an f per at | ns in
a structur 60 & }i*zi’“% h‘B\‘A}s“ ‘Pﬁ‘ U artay ‘rﬁé’h et g & BT RARG T
system set ck@eRPEF@%Ss, Abspidi Qfd SRE Kt Mo: Fat ef @Rbistbhiovsdutivenl y
consumes 17%of lull rated power. These numbers are based on exenpl ary

typi cal fan operad§@ns iti.al Bkaed uirBowl Rid&isstieniadparid 20 thidelakEmysent
controller 300 creates a. second exenpl uni ts_ 200

pattern of F* fan
and ON | an “GRitigatbpmsglied Hgktres ‘1“‘f12eél?m‘*§s‘¥ e%teﬂmidwgﬁlfﬁg@f dn-1* B AFTeRy a5 fisgt
section 'nasxheam}gm h,aa@lteh&g%l GehEQ220 16X ot hgtrtp&@ase runz Az %}pﬁ%ﬁ{l ‘5‘8' y

uses (60%to . l'ess real .estate than p art di scharge plenuns
(with the hundwuddos ehmgl;nlssbenrcbéi n‘@iq&r i lor azaf tl*?a§ Slvown scmrﬁil @;}Mdiamdt t he

two hundred ﬁfrlgé nunb belqgwth 6 ent{o 35538 Q.fg

i n ai r LhandPPig ey Féﬁ%” S g ‘b ‘3ﬁ“§ﬁ PPEES Wﬁ“ ‘ﬁ fo 1Y sent

invention (Bl Shawsy @iim{ embodiment in which the entire insalation board 10 i replaced
with an uncoated open cell foam pad 22,

[G088]  Twrning first to the first embodiment shown in FIGS. 17-19, this
lavered embodiment includes a fiberglass core 22 {or other tvpe of nsulation) that has an
apen cell foam 24 layered with at least one side of the fiberglass core 22. One advantage
to using both the fiberglass material and the open cell foam maderial is that it 8 less
expensive than using open cell foam material alone because open cell foam move
expensive than {iberglass, Another advantage to using both the fiberglass material and the
open cell foam material is that it weighs less than using fiberglass material alone because
fiberglass weighs more than open cell foam. Another advantage to using both the
fiberglass material and the open cell ham material 18 that is that the two maderials
provide different types of acoustic msulation over a different range of frequencies.
Together, the two materials provide sound absorption over greater range of frequencies.
The graph below {shown with a vertical axis as the absorption eoefficient going from (o
1 and a horizontal axis showing the frequency going from 0 to 10,000 Hiz at
approximately the peak point) is meant to be exemplary and does not necessarily reflect

agcurate measarements.

[G089]  Altermative embodiments of the first layered embodiment include a
tiberglass core 22 with one side layered with open cell foam 24 (FIG. 17), a fiberglass

core 22 with both sides layered with open cell foam 24 (FI1G. 18), and a fiberglass core 22
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graphical. representation of this .shOtening.,. ofairway path 1.20, 220.
There are many reasons that using multiple snuffler fan units 200 can
reduce thwolengtsesiof the airway- path 120, 220. For exampirajs2oweswst ng t he
size of the fan unit 100, 200 and notor 1.08; 20.8 reduces the |ength of
t he di scharge plenum 110.. 210, Simlarly, reducing the size of the inlet
cone 104, ..204 reduces the length of the inlet pl enum 112 212. The length
of the dISCh pl enum 11. can aJ so e, uced.. because air..from
Che fan ar 3 RerISuEt Pt Gel ToHE Arronhio B M8 gl Uy oBhrire

i nvention 'L%tt@h'\l%ﬁ?&tﬁﬂ\téiﬁ*ﬂ”y??:‘ R Telgl IS G«‘i;ﬁﬁ%{ mhl@ﬂiprll)% a@ih adlekahpnel 4ipg
system has points O .higher air velocity and needs tinme andspace.to -m x
so that théapdiowl é}uuiudmﬁt@r m ttwed thet v ateriativexinbaditivet @l the hamditivmgntion
conpartnent 1 static

1o ency RO o Fhie Ot b RRH R RGN “ERF b ARleBS FHE <Rl P

Settling rr&m«is veIMShERAD fhef el RRndithenaigaotfwaul, ﬂfdh%n@ﬂi miﬁl The System
because there is little. or no Deed to transition fromh 1lgh velocity to | ow
ot

vel oci ty.) lmiveediembastingyt could astuodly b “tumed hesing ditiaamtinipeane | ingylatiem © t akes in
air fromth [ f fl Gl ~prior
art air- haﬁlgtl‘rxil_igﬁt Lgagt{]t(llatMig%%um }S} %Kﬁg ;}éz&{?‘i’melf e%%rt‘F rgdital P@t.nlu }}tnglg} 212 may
be reduced.d;éhﬂ.@i?ﬁih{%ofu o Posadr 0fF icengeinisson. the fi rst .exenpl ary
structure set fOth in theBaCkgrQund O the Enveritirina ,Structure
requiring .50, 0000bi cThd pesant ﬁxemtim misxt mcbficah meffogvibatalkingpnessur e of
six (6) inches water lary
Structur e QBRI raRtom B ofba T rt seBHE® Pl bR ERETDET oy ved
by a nom n@ﬂll’&Lﬁ@@@’E&ﬂQﬂH LERWNAL Qir Ohin S 4115‘@1@@ rGR Ao AEQ ﬁI‘chhﬁﬁdtWﬁde
p..114 30 to 36 inches |ong. (as conpared t 06 to 112 inches long in the
prior art ewtior! rfmwt%)ﬂ leTHendiweting g»é"quenﬁm@mnmﬁmng ptPprdeced fBm 4 fart
arra.yhn Seqéolﬂq u&JA gt xriﬁ' g\g;gx b qdui}($¥\dt7. %ol 1<1§tlilagg ifib%i eagﬁ Qﬂ;as%oqgm in

FIG 6) havt ng space reduir exenp

fan. unit a@\&xﬁ&bu&m@e@ @mﬁ*ﬁ@ltﬁ@@:ﬂhﬂﬁx (wh%@fd a@;@nﬂh@@a_tz@zibyo.&tw ﬁmﬁ@ul nc hes
on a side depending on the array configuration. The ai rvvay path 220 is 42
to 48 inc hé§“{‘<a»’s“ gospa padiaty Ls*efr%\‘» 1899 larered nsplatipre byyki op tha the facing s

enbodi ment s.)\ QQJ'-T_hHl_'ﬁ{ HEH&HP&@%“ fn&@naparison the second exenplary strut
Li re set ackground of the Invention (a structure requiring

26, 000 CUb' C feq; JOPET MRS ;Q:fmﬁh'hs: Eé&%@i@u z@dﬁ’(@%ﬁ%&éﬁ& frwo1{ &g 1918hes

wat er gage) will be“used. USing the second exenplary structure, an
exenpl ary ehib@dﬂwemlCfbf:mt»manqgme@mmw%nhenm dnpeoudibivber %bwéébxbyx af noni nal
di schar ge pI

Chehos onbefRtTdd Matt2o SR o 8t R el et bid Bartand refPGcdi® *°

enbodi ment Sgingd NG pviRl alu@EicRheRNARWOM 18y i1RGH HH G ALIS X & dxampRl rz@msé an
section in the air-handl | ng system (such as the one shown in FIG 7) having

9 fan unit shopolorqhd rigpbleeng dqup padr G O@atﬁﬂeisaelm%amb nairkiuricanvo woul d
be a rectangylar, tzca%%d ﬂqoﬁﬁﬂnl.ﬁuﬁiﬁéqe&ﬁ{ O ae;n cegg nﬁ“%he »,8{2\\%%'1‘?% 9ER; é‘d' ng

on the array con i‘gura nches
conpar ed t @péd ctibstBtirnelhies opon tiefiphi :Dlr gl ;@m&eﬁumm@)m cRedueetd to

Production Costs ][0076 ]It is _generall y nore cost effective to build the fan
array fan Seelpyds gy openings defited 1 the ptriorated rigid facing 26 {shown it front view 1

FiG. 21). The exposed open cell foam 24 1s able to ahsorb sound waves. In one

embodiment, protrading open cell foam 24 formed between the openings in the

perforated rigid facing 260 absorbs sound waves. This can be compared o prior ar

embodiments in which sound waves are reflected by the substantially rigid diaphragms

formed by the smootly facing 14 being divided by the perforated rigid facing 16.

[0092) Alternative embodiments of the second perf-secured embodiment

include a fiberglass core 22 and layered with open cell foam 24 secured by pertorated
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the air-handling systemof the present inmention as conpared to the single
fan unit 100 used in prior art air-hamfling systens. Part of this cost
savi ngs Y 2be/doE9t o the 111(. 1t that individual fan uRCraS2@0/0sdos: he fan
array can be mass-produced. Part of this cost savings may be due to the
fact that it is | ess expensive to manufacture smaller fan units 200.
Whereas the prior art single fan units 100 were generally custombuilt for

the particul ar .pur os resent vention coul d be inplenmente
singl e typdited R or F16o08 Reroatvein é{WVé“éHb‘BHTfrﬁfﬁt”’sedq’g%fé“ tﬁwu be

several famupi ﬁ§(1809m'ﬁ%k&9m§!'ofiff%eﬁy ﬁ'ﬂ%&ﬁd 8@%@{1 (ROWRLAaitROt h i nput and
output). The different fan units 200 could be used in a single air-handling

system or e'adﬂlodmmﬁhmnﬂfqmqeWémmd\mudl thehranad Sk mrhéiztylpeﬁbﬁhftramu‘tml t
200. Even when. { 2 2P0 are, § gm made,  the cost. of
produci ng r%uT‘FP’ple“’r‘éh‘ ﬂ‘ﬁ t‘“‘ééﬂi*‘ﬁ‘%? 5 %ﬁ?‘ri"é’lﬂ“ te 'E‘]F‘Ef]“é*é? Pars) %‘31‘%“ way's
less that thepsastin®fwid 8QUC NG SLREGhEthRNGE SPEbRT 10akEvehae BRkA 400 for
the sane project. This nay be because of the difficulties of produci ng the

| ar ger conﬁ@ﬁ’éﬁﬂéiﬂ’@hwiﬁﬁ dfawer igpged. of obtai ning the | arger conponents
necessary for t ? single large prior art fap unit 1100 Thi s cost  savings
al so extends to [PHE]cost MOPEHTSHUEPHY A et @ mieRoddnumiakge 8Bar t nent

202. VO 2%&&193] 4\91'?@/;::@54%%95 %Q&ﬁﬁmhpﬁ?}z}xlﬁ% dR&&f {28 Et@fi; &hodiment of

the inv-ntiott Fin“units are nodul ar su that t stemis " plug
and pl ay, " aSueerndkiubatammzlhsn itay dpe airriphdleentéde qyuwdmt.unbmgelbtmm:t ure thbr

i nterlockin n. the exterior af.the fan nlts 00

At or nat | vary oD dR At P Y P o TRl eb Ty T R e i o
structure fQpoded! BRdrOGKIRBakiNBe a8t $rB00is t Meast pdrhialBNQkBRY Al @pt at i ve
enbodi nent such modul ar units nay be inplenmented by using a grid system

into which omhéctﬁihwauhm@lfmmmwibémg;iiadéfdozwﬁdem@p@immm@tmxbmwses
[ 0078The 100y 81 L LAR® REL NP Rohdl AL & BANML LRSI Sy 8l i Present

i nventi on preferab e 858 eXpensive perat

ai r-handl i ﬁ@ﬂi&y.ﬁﬁ}mtﬂﬂﬂ@ﬁtﬁﬁmﬁffugfl@fﬁi efvds| (@xmbmlz ﬂ.d‘nyt@f_mgomquqlhaammfi ne
tuning to the operating requirenents of the structure. Al sx), by using
smal | er hi gher 94pé&ed fa"ﬁumﬁﬂix&xﬂﬁﬂhe betd pretpeied ezﬁbeéisnelnomffxvreiqdéﬁcyzmmhc'se
control and.l ess static resistance to flow Incrﬁfsed Ef f ﬁl enc ?1The
fan 'array PR R R e ey (Kb b g Paseala ooV

uncoated open cell foam 24 This would be particularly suitable for uses in which the
presence of fiberglass would not be satistactory for the intended use or woald be
unacceptable to the intended chient. For example, pharmaceutical companies involved in
ingestible or fnjectable drugs would find # uvnacceptable to have any Hiberglass in the air
handler. Alternative embodiments of the second ancoaied embodiment include pneoated
open cell foam 24 secured by perfovated rigid facing 26 (FI1G. 22) wncoated open cell
foam 24 secwred i a Frawe 30 (FIG. 23).

[(D95] The present invention also includes a method for making an air
handier using the uncoated third embodiment, The method includes the sieps of providing
an air handler system with at keast one air handler sortace and open cell foany. The
method also includes the step of covering at least partially the at least one air handler
surface with the open cell foam.

[0096] The present invention is directed to the use of open cell foam i air
handlers that has the necessary durability, safety, and cleanliness properties for the

particular use. One exemplary open cell foam, melamine foam (Melamine--
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invention preferably is MOWefficient than prior art airLhandling systens-
because each small fan .unit 200 can run at .peak efficiency. The system
coul d turwoizndvossxiaal tan units 200 on and off to preveRCTiusedmiosioent usie
of particttlar fan. Units.. 200:. It :Should be noted that an array
controll er 300 coul ki he used to control the fan units 200.. As set forth
aboye, . the array. cOntrOller 300 turns off certain fan units 200 and

.thrls. |n|n fan ynits, peak ficienc undanc
[ 00801Mul tﬁﬁ B G icosdesay tt«lb "r’i‘e‘hr“’}éé}&tﬁg‘aﬂlé@k ermt/tﬁ‘évf g’y“s‘t‘%?ﬁ‘xtf a

Single. far\ié!%ﬁnc%QQ HRRRakKSh qg)“@hnﬁ&?‘ﬁ@wvrdtitmﬁtab dn B8 SRRk Eas excbil ar ray
controller 300 may takKe. disabled. fan Units ()8 into consideration such

that .ther ehqtsrabtmoceazbt et‘tﬂeppve‘mra@tmimhsw poioo Lirlilivies.difelafreowceatable Thi s

feature id.. durin ntenance.as the ntroller
300 mmy ¢ o g et firerioStl el ® B R NR WG SRR no
not i ceabl e L‘Q@ﬁﬁ@@ﬂ”@ﬁtk QH R FOM-KNG M E alitholil ©0AISeY Bwn AMEAYRE GO meets
Advant ages %008i] he hi gh frequency sound of the small tan units 400 is

easi er to abtBipateshamokpdensowdddyelensyibybomustantels pegegary Bhooumly . |
ecause the fan-all, gﬂgr; gét?dtt?ttg)Wiﬁi{O%ql{#E&%ﬁbe rﬁH&}‘ ﬁ?%&%y m&%‘& gn lﬁ&gco“ ly

sound traps ar e nee enuat e er fr duced by

the pl ural iif plaofs what libbaiusynictibl ROQedihdunt. tshte ftluﬂerd’%eﬂ:!J@ﬂEM tS@Mﬂd;t poaduced
by the single large W_unit 100, The plurality of fan units 200 wi|l each
operate in ™Rl EK heplhrrokkmsdesihssit vasvaww«%‘rﬁf%&érrahwrtiowhrrrw HE 8ract

to cancel sound;al ﬂ’{ég’;ﬂgs{?dégé DEAKGREHESy LSH G SAhLIG 1R AlEhE maRGIRL | Ng

unit than pr or art
foam has been used as acoustic insulation by such companies as illbruk (www ilibeuk-

sonex.comd It should be noted that alternative open cell foams could be substituted for
melamine, For example, silicone or polyethane foam could be used as the open cell foam
of the present invention,

[G097] it should be noted that the present invention hay been primarily
discussed in terms of fiberglass as an alternative type of insulation. I should be noted that
ather types of insulation may be vsed in place of fiberglass fncloding, but not himited to
rockwool,

0098 Although the embodiments are discussed in terms of lavermyg
fiberglass material and the open cell foam material, alternative embodiments could
inchude, bonding the fiberglass material {o the open cell foam material, enclosing the
fiberglass matertal within the open cell foam material, coating the fiberglass material
with an open cell foam material, and other means for fayering the two materials, The term
“lavers” or Mayering™ are weant to encompass alt of these ermbodinsents ag well ag others
that would be known to those skilled in the art.

[(099] it should be noted that the term “air handlers”™ Is meant to inclade, by
way of exaraple, recirculation air handlers, central aiv bandlers, silencer, sphitters (such as
parallel splitters). clean room cetling svstens, and commercialindustrial air handling
SYSLems.

[00100]  FIGS, 24-29 show an exemplary insulated grid system or modular unit

system interior surfaces are made from acoustically absorptive material or “insulation
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Reduced Vi bration [00821The multiple fan units 200 of the present invention
have snal |l er wheels with | ower mass and create | ess force due to residua
unbal ancewOhos/ised18i ng | ess vibration than the | arge famrcuniseolo/mb@sover al |
vibration of multiple fan units 200 will transmt |ess energy to a
structure since individual fans will tend to cancel each other due to
slight differences in phase. Each fan unit 200 of the multiple fan units
renment and

200 nmanage a snal| r.cen e of the.total ui
thus pr oduéé‘iil‘ess*“gupbﬁ Feht “P Rephaad) Pndiie ‘a‘ra‘rl.%%di’é‘% rﬁ*’i“"g'i Y dy digane
vi bration. -ALTERNATLME EMQQQ&;W Rurlt Q@@%@SM‘@:@ B&@ﬁ{%ﬂ uﬁh&ﬁ%aﬂr &k afded

enbodi nent of the invention, fan units are . nodul ar such\that
the systemwdud Tq@bugxl*aﬁtir edl_agm f'd «Sﬂehq wpduihanni mrJti S4#mpd hkee ingplhiementBdeby

ool vas 28 S5 furkOhe LT 550 Bl R SESh D s bpt Rk e L2 Con g

. separ at e 2341 g hw;:eﬂf\erpmeﬁe@ k@skiing@ntshehelindiRhd $nc2QR. adliMionglt dehkenan ot her
al ternative enbodi ment, such nodul ar unirs..my be |nplenented by .using a

grid systeframntes wppeh wpier Faeraghi fagetgo ihvaymﬁenpnaeféém\p@% of thé fan unit

20111 0563198614 S0 Q500G L A0RAAEL Gk PR, 80 TR TR 08ichg o8

exenpl ary ¢ Fid units ace M“this

enbodi nent mheh@f ik ovBlanest ieﬁsmtc mmedi bane pEoibtbl {sz.Hﬁfﬂs tré@ucad thehang 1 ng,
conpar t ment 202. -He tlin units :200 g t hen be 05|t|oned into the grid
openi ngs. Or&cadositiage Bt SPRRG veuks itgurhiirench dhy weﬁiﬁqtlﬁau Wrlge fantoni ts

200 may be a‘%%g')yn{ P ey ML Rk Hﬁfg 36"{ Lq%&’(ﬁes{ fr\pl aac%%‘i’ f L (Sce?i”‘t@d' Aent

uses an exenplary unique notor nount t he noto
wi t hout i ntisr foemil g zhm thh smm‘iqfrhdxww heatdarsopamtial iMl\sM\z\m.;s it hasse wedaem{ghamw
not or nount ZSZ&Gas a Iural d the fan inl et

at nou r ou
Tone 204 srrameirai-aebtio Shisei DL sBnte SReRa DK oS % RS | o

be exenpl amine gk ind hiBYniRE 1EORSE EdCcipd, uﬁ@hgz@e ke s&&ﬂﬂiﬂ@iﬁﬁ meﬂ b frlat
the fan units 200 in the present i nvention nay be space wth as little as

20% of a f ad+wideresdlandverheetuddnot the churaldm tet 200 thOOSBLRIIGEMRTAShows

an enbodi m‘;mm "('ls Lenlltlb %Iemr [1{1 q‘a&)@tlhearfn v?auid amana{a from a system without the

coplanar silencer. In FIG. 26, the first side fan unit 200b is londest in its ovwn fan unit cell
244, As the sound of the {an spreads vadially, it at least partially dissipates as it passes
through the surroonding insulation surfaces 248, This is shown graphically as the sound
wave eircles being darkest in the central fan unit cell 244, lighter in the surrounding fan
uinit cells 2447, and still highter in fan unit cells 244" more distant from the orginating fan
undt 200bh, The result s that the sound from the fan unit 200b that eventually emanates
from the svstem is sofler than sound that would emanate from a svstemy without the
coplanar stteneer. FIG, 27 shows the first side fan wt 200b, a second side fan vnit 200¢,
and their respective sound waves, As shown graphically in FIG. 30, another principle of
the present invention is that as the sound waves interact, there 18 a degree of wgve
cancetlation such that the waves are self~extinguishing. FIG. 30 shows wave A and an
opposite wave B that are opposites and therefore interact to form a flat wave A+B. If
waves are not exactly opposite, then the combined wave will not be flat. but would have
some wave cancellation. This is a basie wave prineiple of which the present invention ig
able to avail iself The result of wave cancellation iy that the sound from the fan units

200b andd 200c¢ that eventually emanates from the sysfem 18 sofier than sound that would



units 240 using separate structure (not shown) for interlocking the fan
units 200. In this exenplary enbodi nent, each of the firn units 200 are
nmount ed owoaonmnse31vr adi ti onal notor nmount 242 within it ®COMS2618/050082 t
chanmber 244. In one preferred enbodi nent, the fan unit 200 and not or nount
242 are preferably suspended within their own thn unit chanber 2.44 such
that there is an air relief passage 246 therebelow This air relieve
passage 246 tends to i ove _ om1arou dth an.units 200. .[ 0086] The
P o t - CRANBRF S UR4 SREMN i TRy ITIET b OB e S b e For
surface madg, hEOMQL aﬂd‘ 6 ﬁnlﬂgfﬂq FRGOUSLh QAL Y BRE KAV S rABUSS L@l 2064
"insul ation surface 248. (oi ng agai nst conventional iIndustry w sdom that
surfaces canfat %bempk.emeﬁ fionuOgetp ok it sespvictibe thiee franemni The 200ysit hb

parcial 1y drptingd aBt RO R Ly PiBh bRt b o b pR P A RANL HRER b

i nsul ati on y@kf @Q@S;txz‘ﬁi?e FRYfehBE | LR dong Ormarer ghaaf ntdefasd deshe HRP rub@id om
front. or back. Exenplary types of insulation include, but are not limted

to traditi oﬁatldumn%ll\ambwl Bisapunips b weold hare FrHeDE o iR MgaRPelignash
fibers (filby Aakone. AN - m K FSK)
iiicing or g g ?}%}%ﬂvﬂgggﬁpggi }%: (fglestaj ttapg :1&\4(\% 99}?%{5@% %Rﬂs;ﬁg’t% %’15 Iy LQ \}Jaw(

i nsul ati on (s ﬁﬁ?‘(ﬁlﬁ)ﬂﬁ}ﬂcﬁ\hd}iafI(QﬁmiﬂhLQb _als{)t helt wiivs chaseliivm . the @alent
application_Ser. No. 10/606A35, which is assigned to the assignee of the

pr esent |n§@ﬁﬁﬁbn and whi ch the disclosure of which is hereby incorporated

by reference her ., Toge t I n atio rfaces 248 o nit
chanbers 244 ten gbﬁﬂ frlné@FWﬁh gﬁé 6ﬁp‘3ﬁ§ﬂRS|r§ﬁ%%? PEERE o o }ﬁﬁeﬁ%Eﬁgflts
of using tReGORKARAY usit LBNEREs 1G] HElendtk)k NEHRELEE s AT MR Ym 1eaﬁ£ﬂw\bm
splitters, (2) no pressure drop, and/or (3) relatively |low cost. The

acousti c advadteagese of ik slear 2(1}Ntlcér¥€de?m%@ﬂhemf§“ @iﬁmﬂpmé@emfﬂ“

| nventi on i, g(?%a, Ih%hdﬁ% i;)tm(igqﬁe%%ﬂ L%huﬁl ;uL bohﬁln ?k 05’?‘{1 1?15 | B %{t—?&rts

centers, libraries er app i ons are acoustically
sensi tive. }IGRA] ke g‘ritﬁpzsxhﬁk‘l\@m@d{.l’;i tiawy @8&&&&@; tsﬂ@i\t Wohp pRRbS indGhiohi 65
represent acoustically insulted surfaces and sound attenuation |ayers.

FI GS. 17- 19coRen Bayyould rshisoe®sent i n which a fiberglass core 22 has an
open cell foam 24 |ayered with at |east one side of the fiberglass core 22.
FIGS. 17 andt#giF8Whow a second embodi ment conblnlng the use of open cel

fbam 24 with for of ated riai an how a
third enbodi nentl(]d"jﬁﬁ\l\hl cﬁ\qf‘%ge WEFES P ﬁ%u s TJ‘S%} i %Pﬁcfltidt i G mj %févé qSLvm th

an uncoat edrepani ek ko hoam Radwdwe i@@&ﬁﬂmmum L L&tﬂd\@(xulfteg NI de@hils the
enbodi mrent shown in FIGS, 17-19, this |ayered enbodi nent inc Ws a

fi ber gl ass r&gver 22 f(i@ﬁ ovlpgr desheliaR fars Srsatho wpcrkan! FasedinoBpe thieefull f bam
24 Iayered i a age
fo using bowh }}i{hi?’ﬁlfs ag{%% 5&“8 :ﬁ {Q&T% &Qﬁ\a teﬁﬁe& ﬁ 8&& ?eémrgﬂ ggq,glmr
that it is shressreXpens Lmeidzi hamuﬂﬁaihgampmmﬁe{zdmg bambmtxeqmam alrope Pecause
open cell tbarn npre expensive than flb gl ass. Q ﬁgher advant age to uysing
both the fiBEIYP 8RB e EFs éfﬁdﬁ‘[fﬁémpp “ée‘i | SR A ivatRF A MBTHhaR At
vei ghs | essahiaf iRl FDAIShL S BRHEL Al nilens dhefa@}gﬁ@km RESdghasssl ghs
more than open C foam Anot her advantage to usin |8erg ass
mat eri al anUﬂdeibpmhibemk1mpéhrﬁnﬁenhemhnsdmmap:bsupharcmhedtwamhamenials
provide differe es .of acouiﬁ{g jngulatloq 3ver a.different rang . of

f requenci espwﬁo@é PREPTOT RV RNG RS 1aP@ast B e BRI ALY S B VT
greater rangenPhaldlQenel BSthrdkhsd emnhupeh Q¢ SROMM LRask MaHl&Galinaxi S
as the absorption coefficient gW: fromOD to 1 and a horizontal axis
showi ng the’rwfe'queﬁc?m@dpngmﬁrt b(%fldme QGO t’\éecéw@dpﬁpmlmt 8l Yyioke
peak poi nt) does .not cessa

oour ate maeh TR ARL OB IR Pl R0e SR uBaand EBR b Yok E T abhs o
embodi ment grtehiutdReRidd bekghasS 16O hthbddn Wit Bilaniey shda daxer ed uw th apen
cell foam24 (FIG 17), a flberglass core 22 with both sides | ayered with
open cel | oyt Py 1(11111@( cerigyn d&h@ﬂamﬁp%rﬂgq depseeppigl. 2 array can betailored to



and | ayered Wth open cell !'ham 24 secured by perfbrated rigid facing 26
(Fla 19). The bottom section of FIG 22 shows the enbodinent of FIG 19 in
use in arwexenplsedty air handler. it should al so be not e@CrhsRo1a050052
alternative enbodi mrent of the present invention could include nore than
Vivo layers of different types of insulation. For exanple, a four |ayer
version could be open cell fbarn, fiberglass, rock wol. and open cell

foam The | ayered _ enbodi ment coul d actual.l e -tyned using,different.
types of i HSG & ~8*?f§,angim?5éw@rfmef&a?ﬁw ool e s 35 Bﬁgl}aﬂéﬁ%hﬂa'i’ﬁ”ll-‘é? it

thi cknessesRfeqhd? Yhdlil @R%: 48 rBax8os Nec@eshied acoustic properties fiDr the
i ntended use. [0090] The present invention al'so includes a nethod | br maki ng
an air handl er qedﬂrlgf]]t haipangl Siand shhay eks dislieedPkhod J1ngluipsed hahst eps
of providing an air handler_systemwth at |east one air handl er_ surface.
provi di ng dbcéreust chpmbers| iy plemaivarambed gientiadd Fg weit chagbery7d4 wpdd i ng
surface. angd.QroMl.di.ng.a.thek-0 nd:. 1 psulatl.onsaterial .
Then” the  FePSEHLA0 Rubliach, 008D SR QA0 SERRN PRGN IRLSL o
surface to thoditlardayenad Jlasilidbilen abaansithe dhinalihynts bh @mbnil dasibeonpiai r
handl er surface is at |least partially covered with the |ayered i nsul ation
board so t K&ty e f-i“"’é‘c‘i“h‘d’“'? s““é’&%é B EBTERE oW TR 08 diyhpicaet éﬁ“fe“ﬁ%‘ﬁd‘wg}?"’:

[ 0091] Tur nihg, R&XtwdQd theSesend enbodi ment shown in FI G5, 17 and 19-22
this perf-secured enbodi ment conbines the use of open cell foam 24 with for
use of perfbrat ggmrfi:lq;i del@cinghdfs afQl Ndingudiit@cisBsminepan eelhgiibasn and
perforated rigid facing, 16 provides significant advantages for use in air
handl ers. F8keiardivpt ef ogtivdingdbe bf uhe 29& b Priepsb by grefaibagh dBlis.dndecur e
the open cell. foam 24 do ool @01 Ll cantl wsheduce the sound.absor ption
qualities §$$%1é§g%é%n%§ﬁﬁm€§%ﬁ$2%%(&§&§ﬂ5ﬁﬁﬁﬁﬁgg$éfdﬂgfgﬁﬁégéggﬁubéﬁﬁ
structure aflait hesiopea @ehd otviaRd4miht giswpekthpls: ahbidiecoper sietdid oam 24
to protrude from openings defined in the peribrated rigid facing 26 (shown
in front vite#es HigBiigoveiap eaphetiskpbctospemhasiner dary i usisd subetbplovidsor b
sound waves;., il ..QRE, dient.. . orolnugdi.ng..open ;celd . f.oam24. . f.hrlned 4.
Dot neen t he e ags T o b B it GPRL 1 Bl AR S e o
Thi s can beircewmpar gdvio il ohe ghaterbodi hentlssddn pudifich Befimtbiyaves af ehe

reflected by the sybstantially rigid diaphragns formed by the snoath facing

14 bei ng dIUTBER Byd Hettps TRy Sied Al a8l T dooy A FHar e

enbodi ment sopf JMe. $ecoRe 'ﬂﬂllr Jlr#s&?pﬂ-‘{rlﬁg JaHpOt- e Rg ehﬁ]%}ﬂég@rt @hd}fx{/\%@cﬁ)gilhﬂ@§ core
er

22 and | ayered with open cel bam 2. 4 secured by orated
2011/ 05631 9HETALIS204 91 800520l ghaghficiingriRelingg) adrdatmanshibykbrgdisoped! cci i

fbam 2.4 s eli%clflrk &d ST?IYEU%% er r ;% tc.uH

}‘gh&’gd electrondeally and/or remotely from the dampeners
250

[00105] It shouald be noted that FIG. 4 shows a 4 x 6 fan array fan section inthe
air-handling system having twenty-four fan upits 200, FIG. 5 shows a 5 x5 fan array fan
section in the air-handling svstem having twentv-five fan anits 200, FIG. 6 showsa 3 x4
fan array fan section in the ai-handling system having twelve fan units 200, FIG. 7
shows a 3 x 3 fan array fan section in the air-handling system having nine fan onits 200,
and FIG, 8 shows a3 % | fan array fan section in the air-handling svstent having three tan
units 200, 1t should be noted that the array may be of any size oy dimension of more than
two fan units 200, It should be noted that althoogh the fan units 200 may be arranged ina
single plane (as shown in FIG. 3), an alternative array configuration could contain a
plurality of fan wiiis 200 that are arranged i a staggered configuration {as shown i FIG,

13y i mudtiple planes. It should be noted that ceoling coils {not shown) could be added to

ey 2



- facing 26 (the bottomsection of FIGit should be noted that alternative
enbodi nents may replace perlbrated rigid facing 26 shown in FIG 21 with

al t er nat iwe 288036310g structure such as perforated rigi. @Craseog/o2@®sm t h
t:ilternatively shaped openi ngs, straps, netting, wire grids, or other
securing structure suitable to prevent the open cell foam 24 from bei ng
drawn i nward. 100931The present invention al so incI udes a net hod for making

an air hand] er using, the perf-secured enbodi t.ho ncl udes the
st eps of pr‘{)‘ix”‘dﬁﬁ‘@ W‘dﬁ‘r‘”ﬁ% dr g%“‘?i}é“ﬁ‘@%ﬁ’wq‘ﬁ H"“ét‘“’i%a%if qgh‘é’“g% L}e TEb I‘Ef’if
surface, prakhdineRRENGRYM fr@ﬁmﬂcnﬁiﬂl 1%&1%501‘“@&@ iRl baRnd2pr oy dhig be
securing structure through which said !'king may be exposed. Then, the at

| east one aopobiaidler surface is at Ieast partially covered with the open
cell foaminsulation material., Finally, the oggn cell fballiion material is
secured to the dP01084st Hotfwuld rlwhawﬂewﬁsuﬁfa 'ﬁ%“t‘tﬁﬁ‘t‘ﬂi{lﬁénfpﬁ‘i&‘ti‘#<hdi**ﬁgl open
cel I fbam ignsy, r 9 g 10
through € neeapropif BB Bk, RRASHOLR ORISR Al B o
enbodi ment cahidvire dsad I’&hﬁﬁmtﬁﬁ @ndr@3tyion ik hms dummtyeq»ﬁaﬁhamr et deotdnes

the entire insul at| on board .10 is, repl aced h uncoated open cell|l foam 24.
Thi s woul d BETPERt ifetrErTEie sl vaBice! FBtoneedr ithﬁ“\%h URRIRE Py ke airdending

fibergl ass youl d0at e ﬂ?@? Sjr \GLARY b&aﬂ nSehehdr{}Bﬁﬂﬁ@dEH%%m%d;‘(%‘tM?s‘i%j

unacceptabl e to the intende i ent. or exanple, pliarmacetttical
conpani es itayetticeuly n‘}tm:geismmblae mnd!mrg ecablentfuggewoutid sifatind i t
unacceptable to have any fiberglass in the air handler. Alternative
enbodi ments of tlhel tEéco%cﬂéuweidmwmb%bmerﬁwmeqtmm|2ddewnb@ameam@pénﬁé¥@q |

oam 24 SCSUR Bl 2O UALEAL Pl ORSRLRA S LML PR,
i ncl udes a Bt h@dutfxﬂ[&dﬂﬁhh@gh&ﬂ{n@ rplenn 210 (as shown), the et plenom 212, or
partially within the et plenum 212 and partially within the digcharge plenum 210, 1t
should also be poted that the air-handhng compartient 202 ruay be a section of air duet.
Control system
[00108]  Turning now to FIG. 33, an elecironic controller 300 may be
implemented to automatically select a sumber of operative fan units and the RPM speed
of each fan unit in order to achieve a predetermined or desired level of efficiency for the
overall tan avay. For example, the desired level of efficiency may be to approximately
maxiize the efficiencies, to attain a high percentage efficiency {e.g., 90%, 80%, efe)
and the like. In certain applications, fan units may achieve the desired kevel of efficiency
within a nartow RPM vange. 1o an exemplary embodiment, the controller 300 operates in
a feedback contrel loop to maintain the fan units 200 continuonsly operating in a desired
efficiency range.  The controller 300 varies the airflow andfor static pressure
continuonsly or periodically by varving the muvber of fan units 200 operative within the
array as envirommental parameters tor the building change. By way of example,
enviromuental parameters for a butlding include airflow, nunidity, temperature and the
like, For example, a farget environmental parameter for airflow may be set to one-half of
a maximum fan-array airflow capacity during the day and 4096 at night. Thus the

controller 300 may only tiun on halt of the tan unils 200 within the fan-array during the



handl er using the uncoated third enbodi nent. The nethod includes the steps
of providing an air handler systemw th at | east one air handl er surface
and open wol2b1fsesw The net hod al so i ncl udes t he step ofPCtasesiongoar | east
partially the at |east one air handler surface with the open cell foam

[ 00961The present invention is directed to the use of open cell foamin air
handl ers t hat has the necessary durabi lity, safety, and cleanliness

properties for cul ar use enp, en cell foam. nmelanmtie
f oam (N el di"heﬁ‘{’ “‘é—i’“ on 4‘—"6:‘*:‘1‘? Hige HS}&&“P&‘I %B‘nd’léir}éét‘é“ SRYEY HERHIERIBRA 0 e

qui te suitablglyldtukdl s purpose. Melamne is a |ightweight, high
terrperature reSistant, open cell foamthat has excellent thermal properties

Wi th superior squmﬂ;gqabsahmhmmman@bldchuesa dt/alr@lmervei bSelcaanablfehs Mt hat
it is relatively i rrperw ous to chemcals (e, g, is able tO wthstand

rel ativel y aasdpeeiiheant ﬁb%@\é‘ﬁi%ﬁ BPEES S | @P@lﬁ(ﬂ_(ENZ( rjuitfhoepdeesieahki ng
do V). Ml amine. abS0:0RGt Sadfiield &”ﬁua%ﬁ@@z Lﬁﬁf{? 1 J8N$ {) megﬂ zméeiz

contribution requirenments necessary ass-1 ing co
regul ati onsundBegansdsia adgiesh ek @hectrrragmmi B89 ibkeradn beeqasedummpiuabes
where fiberglass woul d be precl uded. Stl Rathe as Ml aMlle is Llnert
it woul d nETTERIEE of FEnsvRIE RY F"‘blblléﬁlﬁ‘“( é‘l&&‘ﬁ‘é% t oo pRswratier! girtiaw-

fi bergl ass), bodint RO Wﬁpe é’f’r{ h@%iﬁ@%&d{imﬂa& ft‘i%xe%&%ﬁ@[e o | bia@ldis ? lhz?ek een

relatively attrdctive. e noted th n’fne’t
used as acouskimwl, ichsul a:smﬂim ﬁyy wushilgaipanises agial kipbako! op‘.mtm fans to a

(www. filbrukspnex.c oul d oted .1 ative .open c

Could be. s UBSEITHEE PaIbehel TS SRS BN PFEDRes BraRBrparniie foam
could be used. %Qmﬁ REniReN £ bbrcbRam Of tht hendresaRtunt ﬂn‘t’&ﬂﬁ?%pu[‘x@@&” | Ag
shoul d he nofed that the present i nvention has been primarily discussed in

terns of fi¥ér grasenimdlenVf| cadoed vestatigppresfure ngstdat i ohe qmwsfh@wmmbei
not ed L hat. L0RLe WRR e LU Mo pBS SRH 0 B @66 Ol Renl 35

i ncl udi ng, i‘mted 0CKWO Bodi Trent s

are di scuss@drbiferien Beteahiskayerhbdihe chidienghass prRtiet balsiang. (L.Q@rr@@léﬂds:ﬁ I
foammaterial, alternative enbodi nents could include, bonding the

fibergl ass fﬁhtié‘f i BPaRg e ‘-@béﬁ‘“@él {e.g. béﬁ?m{ﬂéﬁial"‘d“@/}“ﬁo@i”%gef’t‘I*Fé“mema
fiberglass pr(ﬁ{ﬁ?\ﬁ x*?'um‘{“x{%ﬁ'sg&h& h& ﬂpea ?f?w mhﬂaf&}x g}d 1%11 % |Gy R8s 19
eri O

fiberglass open cel T Foam na ier nmeans

| ayering t I#&01 whenyat Brdt'aaliﬁtme:ﬂlhé}etm rﬁ; ' Sraye S{P\msmetiamemmged apeximantiot o
enconpass | of these odi.ments as | as tha woul d be novvn to
t hos rem ski | RgmoipP g day, ¢ f niti)m flow moves to WE[\J‘ where the h{{efg\’l bpt.tf. is mu;,mmiui

predetermined amount and a new candidate static pressure is recalenlated at 306,

[00116G]  Ifat 310, the RPM speed has reached the maximum rated level of the
motor or fan, then flow moves 1o 318 where the number of operative fans is incremented
by a predetermined amounnt. At 318, the RPM speed 18 reset to the intial RPM speed.
Next: a new candidate static pressure is caleulated at 300, The controller 300 repeats the
caleulations at 306-318 until the candidate static pressure cosresponds to the dlatic
pressure pat by the building management operator, which represents the RPM speed at
which a number of the fan units 200 should be run in order to satisly the programmed
envirenmental pa‘«u'a.meiers or constraints, For exam,pie, the number of fans may represent
number of fan units 200 in the system. At 314, the controlier 300 rﬁfmr{‘isﬁ i memory,
the RPM speed and number ol operative fan unils as a potential or candidate RPM/fan

anit combination that would achieve the programmed/input static pressure.

26-



[0099]it should be noted that the term"air handlers” is nmeant to include,
by way of exanple, recirculation air handlers, central air handlers,

si |l encer ,wopbittases1s (such as parallel splitters), cleanPcoarseeeiosiony
systens, and commercial/industrial air handling systens. [ 00100]

FI GS. 24-29 show an exenplary insulated grid systemor nodular unit system
interior surfaces are nade from acoustically .ibsorptive material or

"insulation surface"” 248. In_this enbodinen ach.fan Ci
preferably has Agﬁpﬁﬁdwaﬁaﬁ%'i€0§¥hﬁﬁ“@dﬁpdi@§§?ﬁ€mﬁﬁsﬁﬁﬁ‘P ms&F%

248. I n oneypief eF 6&@1{@@%@&1@&@&1& Rend fHamaael o GG ORl H. the u‘ﬁ@g@@n&l a
cube-shaped fan unit cel and the insulation surfaces 248 woul d term

the sides (thwgretwopto bkﬁ\tstmﬁ tm@tﬁtﬁr T off dpgjitief fanheite thpaghapethehad anmtinr: cel
244" . In algernative preferred enbodi nents, the frame may,include . .
2ddi 11 ona URPaBr S Berlt Bk d0FTRPR IRRL Ly st B A R B e ot e

i nsul ati on &uE £3e8s 1¥480hukbe dARURNE i eld ﬁnmx endndQsfbingbl ons ake a
copl anar silencer. This is shown graphlcallg FIGS. 25- 29 where the

copl anar sifFeieeritefder Magugy hhenchserati oht.sur ke St omgyntine iR as herisound
wave reactig e V. | e

g oo exal}}bﬂfumﬂ zégﬁl%@c"‘@{@t%h%&geﬁ{nx P ﬁ%éQMJ‘%k 8%9 PEM%Bmgg%zt ¢ P

own | an unh.tamﬁ&e}ak 244 spectisartihensobind fohetakies fanusprieads sadiadd fhpul tnu&t
| east partially d|SS|pates as It passes through the surrounding |nsulat|on
swil | -ces fpogureThingiopglsg Hﬁmnﬁada*prﬁ%‘%wﬂ a@dtwebsbum SRR T} pijsaEah n

darkest in gg@ e @by ‘%gdi:dgée ;9?&1% h%% Cfﬁﬂgmb' QQ&@ rés!ihrl;- Qf?xdsﬁ‘{: "QHdiNg fan

unit cells The res e central TtTan unit® 200a
t hat event ugklyicenhital 2sof Fidn Vhenisydt dmce ShﬁSﬂﬂh&d{i;ﬁM!ﬁa Siduncotipattedaotd d

emanate froma st W t hout the coplanar sjl encer G, 26, rst
e o oA bE By kiethind SR8 RUGNE Fo Rbirne i chge REST iprelSatihe o
the fan sprgagdsat afindlel Yor dpbraaibe |i§@%§m@@§&'&lik hﬁkk@%l n@@t;ﬁéﬁﬁmw PagEes

t hrough the surroundi na insul ation surfaces . This is shown graphlcally
as the soursthtwaveswir cl es bei ng darkest in the central fan unit cell 244
lighter in the surroundlng fan unit cells 244", and still lighter in fan

unit cells 244" ARVl di Seafsy Britina3.or Pginle Fogralignico ﬂuusz@ebﬂhme!%%un
is that th ! ent NALESy ! t he
et oo 1 SRoPULBUAAD R PRy AR SR, STRIRLES) L PO L
copl anar sich@ne@ry iFhG alRe, &h@m&ﬂﬂhe3ﬂﬂmakuﬁmﬂeh@anhuﬁhhﬂZQQhwdausaﬁdmd

side fan unit 200¢, and.thejr spectlve sound vwaves, As show r/

gr aphi cal | FOPRSIERENRE SHMbRRHBE wdim. T Ftse? U (e d Ot ESATOPRUERPT G hat
as the soundwayesis Al&hasHate LRSI, k;?nﬁer‘iﬁw ?a% ﬁfzm“i@l&e&ﬁﬁe'{wﬂké ﬁtn'w{;hnmﬁé%?h
that the waves are sel f-extinguishing. shows wave A a an opposite
wave B t hatstakeroppesi tes and therefore |nteract to terma flat wave AB. |If
waves are not exactl posite then the conblned wave will nQ t'se flat,
but v.iould havéfi%ldr% mgf\we\@m&celm e wirthe Wﬁtgiki REMars peit wvbmpwwmm@ of
\(I;Vglnggl Tgfl gnﬁl gr?{{tﬁlt%nay %Eﬁ '<0 pm & mf»,tllé?e tﬁ H’Q}V(Q u(ﬂ e S’l% 23)88 %ﬁls = 120‘611';&( Eﬁ;t‘v@(y{?
event ual | y vesmhadiesak I‘ibcfmdi\kl@‘ Byed eMmuch of mj ﬁ*&ﬂakhﬁhs &Quhﬂumha,taoﬂm@ dooo

emanate frOM a system w t hout the copl anar s;lencer éf 28 enp ha5|z es a
first corndPty e{??“@rm SOGAL- dhduptost v%w%}aﬁé SN r—m@a e "Wﬁag’i $hiss il h

the first conpgLy fi@ﬂ Mgl ﬂ@s 8 d%s%qnﬁ% %{ rﬁ%ﬂ R Q&\ngi% %‘E‘sif heir
respective wave patterns. a ysSi's ? e simlar

to that ofLEkGSn:Qﬁ;anﬂﬁZEameepemﬁnmahylorhnshmBMdlb&)mmmadihnanwwmonhe

preferred enbodi re than two e runnln shn e usly
Bnd all ¢ hé‘“?&fri‘hﬁﬁ@“%‘f‘* S AR S AU A T A B
the runni ngyd@mss Woubsl 0 .abke RPERK Bnid QUARLAAE: Phat Q@ﬂ@ué bR Misped pahbon
(as they pass though surrounding insulation surfaces 248) and wave

cancel | at i cwagpfictehdovop! mmar). shjoendertablp 00 pomRiallt idoMghn BEhGeogbishiows tkhe
di scharge pl enum 210, posi ti,oned w thinthe tiin unit chanpbers 244. .
T O R T AL P aRe b BB L bl s bl B TRT Eu et
pl enum 212 hoep@bed €dBEn RABLA. aht YorSeSBIODRIR Lhauwinl BD @l enwm kg and the
di scharge plenum 210, Still other alternative enbodi nents of fan unit
chanbers 244 may have grid or wire surfaces (that increase the safety of
the present invention) or be open (that .would reduce costs).



Bypass Feature [00102] Multiple tan units enable the array to operate at a
range of flowrates fromlnn flowto partial flow where each fan

cont ri butwe 2011056319 fl ow (where N equal s the nunber of Pama)S201WpsEsi r ect
drive fan systens operate at speeds other than full synchronous notor speed
in order to match the heating or cooling requirenments of the structure.
Speed control is normally maintai ned using vari abI e frequency drives. Since
vari able freg y. drives are el ectyronic devi ach drive ratln

en
Within an AR ORGFAEYT u S ubBTh e 0n SBEFIRAPS ptF’O bl‘F‘?‘ihs}“‘of’ it @ | a
tradi tionaleoaiptnafieRndldine4S URl &fralids id?)e 1dflishs 1R dpSed PEUR BinRARALREA o ke
ei ther slimdown or be operated at full synchronous speed of the notor in
what is knoparagse bypa\s@%zrmdeto iy Ri’éthsmntﬁnaidusm emshef anulimitt 8PVt heriai r

handl er have t ttled ni.c ans.in.order to
SRt LR LSS e e il R et e T
throttling,hd aummaﬁ Spdmes Qtlﬂ dnrradud} Lanak SYSt BMEpeiERl @E:PXEeS Nl se
and reduces fan efficienc present invention overcones this problem by
al l ow for cangramyéld aroph t‘iﬁ‘arﬁh&ahwh%rnabwpmmyi RPFAPIG ecru n fans of f to

nmeet the design The Lirray can be tailored to neet the flow and
pressure requi réﬁ%ﬂﬁ b s %3& E LY FeEhEh M EADE RFSRERSYgriEhd D)
subsequent d@dﬁ@d{ gbz%ﬁkaﬁ'%uﬁgl&citfb SRR § AT §Q§¥dtzrqurzas ukRQ%Q%eA'pE&PUQh
FIG 31 shows th I scharge plenum 210 positione an unit
chanbers 24w aﬂt genat iwgs éﬁibmdm mpiyt s gk sﬁlam ©niatl fomarbehsco2idpedalid the

o1 enum 212 75l PHAORSErE: dansrahtuestd el 6 wbeRlr o8 fa Bodotriéa ta”
enbodi ment s1i@dref@aPronidvi@harbR B 344 RIPBY \i%‘meu lual 50 gmq@ﬁ? ¥nRaRss téhat
increase the safety of the present invention) or be open (that woul d reduce
costs), may &ﬂ)@}ﬂ@mﬁmia L@Zmé?h@mé oanmamﬂawemz atsra‘nb?éne’rls res@upkdtto ragh be
Bg?![ ;[ ;Fln)e/d FS(e)‘!éE/(glﬁ[(h (.U u¥11 ﬂ LR]IIL %8@ g\t}\lﬁ\lf{e]%gn lé{l] lh 10\\ u Li%l?'ﬂi?%{d‘» qﬁ%‘i ha
danmpener s 280l eﬂ&brkiﬁk@nfRWI te,tpalasw gQf1® th@-t ,m@acéa x@loauamp@surmuqmd @hild t's
own pivot. In the shown exenplary enbodi ment, the plurality of pI at es
slightly ov@riﬂ@ﬁﬂéa@ﬁ Bt He PPeisell SHOA BT Sattineaty. ithe sshaih wel 40 Swehb hat
‘S’gglnt ?:)II:I Iaf\‘éi %Agwgﬁtgn{&%% MH?) AQo; @épbﬁdiﬁf?(&fm tﬁ\eﬁﬁ) ﬁgt%e% aslgir?]}ta'é 1%13%(\;;?13132 q
posi tion. Rpafmﬁazbﬂyimemﬁhﬂﬁfma\ﬁ& 1démaedmﬂis cBEﬁuBm!er ates independently such
that if sonme of the fan units 200 are ON and sonme of the units 200 .are CFF,
t he danpeners 25300&n oﬁem lgrthert agioni hwdﬁmi@l ﬁ’rY@}sW}a}Nht hwigm’gmﬁm dam lnple
si npl e nmechani al.ternati i‘ BaLs cou ] .
stricture tARPTE BERCFUTR o Er By P andior | PLAGRers Pl be
darrpel iers @Qﬁ&nmdh couflf0 109k bt nRitutdsRadmetiad tuhaboblGrod uShoWs: Byd X 6

‘fail array 'fail section in the air--handling system having .tWenty-four
tan uM's 208ampit thesugnber 2 NEDs iy b usgd ghot anrramony e she §féﬁb¢f‘oﬁ diferehe

RN A { Q utized qnu aANE0, Q arhpke, € euttea Tipie

o el L SR AL o R G Br IR 2
units. 200.v }F{b @aysRowspRd 3o ird. mlamaanmay ’*tlarnim agt scont ameFhle\;a:Ldi ohaoell i ng
system haying nine fan units 200.. an 'shows a.3 x 1 fan array fan
section i nPReVAIlF 2paHgH Orh@wsxy%ﬂ@hqhwma l?th%@*»fﬂdﬁ 3Rt Spou. fap prghdtll d he

. not ed that h& rigta LR rs8i,ze or dimension OF 1110te than .two
fan .units SH X]hou ci%lﬁab)pt not eééllnhat al t hough the tan units 200 maybe

ar r anged. In a qnﬂmkﬁe PERNR k- BREROWN 308 .18yt 8F NAKdeY BaseANpRAY faARfHQUs@EL | on

could contain a fl urality of W units 200 that are a anged in a staggered

conf i gur at iroinvidgs! khdamenkfactorer at the time of instadlation. Fan curves 302 are calenlated by
taking an individoal fan anit 200 and measuring its static pressure ontput and horsepower
input as a function of total akrflow, This measurement may ocowr inside of the air-
handling system installed in the building, becanse the results will vary based on, for

>

instance, the size, shape, and configuration of the plenum in which the fan units 200 are
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1) innultiple planes. It should be noted that cooling coils (not shown)
could be added to the systemeither upstreain or downstreain of the fan
uni ts 200wol2b119i3631bd be noted that, although shown upst pearastolonsiohe f an
units 200, the filter bank 122, 222 coul d be downstream [ 001061 It
shoul d be noted that an alternative enbodi mrent woul d use a horizontally
arranged fan array. In other wor ds, the enbodinents showmn in FIGS. 3-15
coul d be used horlzont or ver y Lp a dlrectlon per endi cul ar
S0t he i 1 ditebn g aniting BiR ‘?—“Br“éizg%‘?p‘l’f L wﬁﬂ&la% CUTBE t I G LAY S
duct is fungbloRbRERSE NEH & iR Bl NGiE ARPARL IR ni 24abib Beink AR 8 igy. My
be arranged horizontdlly. ThIS embodi nent woul J‘ be particul arly practlcal
inan air Néiﬁdiclpﬁgtmzmas:mﬂmmfroﬁ tee waepmderivarighlalchrresponding [FOWRORE- fit
shoul d be noted th ction tion,of t.he y
path 2201 fota e i e GRS GotPartydr s 8% BEMAGs T EuB

units 200 mayhewskt uahediienififg Hosehar ganplenum2iidas Snawa) that heill nl et
pl enum 212, or partial | vy within the inlet pl enum 212 and parti al I¥
within t he sgruekkr gae ghenais pesore pf aghslt Guareb 28R ahamedicekaniasr The

ai r- handl i - e 0 I tro fem
007 081 TORA Aaa s rae it dte SR¥el R AL EMER RSB EB ADEYS

i npl enent ed.1:0 au onaﬂucaubyngelect a nunmber of operatiyve fan unlts and the
RPM speed af..e4ch ﬁéﬁﬁ ngﬂﬂn ordire gt HcHiceld BOBesrtBiiniinBamohedEalis ed

| evel of eff|C|ency fof the overall fan array. For exanple, the desired
llevel of effighenct ﬁlﬁyap%ﬁp APRLORRLIRNY, BN I 2R 5@&@&5&9&@%&% to
attain a high percentage efficiency (e.g., 90% 80% etc.) and the like. In
certai n apphitett Ddnsthefiain! nubbe afdyn avis eVkin the sgashy B mundier @ﬂ ueﬂflixm ency

h
oL 02 L M A0S e 0 SRR T b 2 G2 b0

cont i nuouslopeRERs apddadoi the Fudeshd od ised tChiBey! flanggynobiial eRAtLE kefxR00
varies the airflow and/ or. static pressure contlnuously or periodically by

varying t hd¥esiggiservedft. fahcumpetiopnr sepe pad i veriiet Rirothiegionkyliys 00 may

i T onment af Bep AR B AR, P O A IS g 0 B R Wit of

t enper at ur epantive Hen bhke 20Fdy mmnm diffactiargess eRPVanaeal 2l mpaﬂarmhzm for

airflow my be set to one- haj | maxi mum fan-array airf| ow capacit

during t he TEYWAFEUAOY stlepightat v?gl}gmmé 31 5@# JUer PrepO iy ey A WS on

A b L R L O
0 .

greatly redhs&dﬂnunﬁxruqﬁﬁﬁﬁﬁi’WMEzwmnﬁnohhehxseauachlEdﬂy@@haRﬂ%énnbds

| evel of effIC|enCédm£%{ e fan,array throu rocess

b Shoun 1 il BRRTe s M e B e N s HEe R S T he B & FaPRRET e

or progr ameehii¢ARsidsdhdbRcedtof 3 inaRas ascrt iy @lif shandlr A8k BEESuRbud
given tine or over repeated tinme intervals. These environnental paraneters

or constraﬁWﬁéWBDdfwmymbﬁévmﬂéﬂﬁé%tors such as static pressure, total

airfl ow, hunldltx enperature and the like for desired tine periods (e
_g.. day, night [O0Edk dayslesiided ahave. e‘tﬁ”“}‘m“ﬁhﬁﬁf‘f‘él agpin préerglin e difitepr 300
Sets an i L hRbr IR a0k ARGNAL LN AR08 PLEASHGE TL GHAIRATARE) and
sets an init M spee to a prede termned lev-1 fan m ni mum or
a percent age: m‘ mﬂhﬁhﬁbnmmzmm}mmm thatwal daF?MzS;pmeﬁﬂ thd mn)s 15 30, bet dadulated

controller 300 cal cul.ates a statlh I, g based e current nunbe{ of
opor ati ve. FAnSSAE 6 Gy BRI R BUERUNT B 4oy Qbt ot Hatt MPENBRE o

308, the copkrptibgLi3RALIR! WLRLNRSHWIBRNEE HhA uﬁ@ﬁ@hﬁékﬁ0§ta&k@nﬂé@§&ﬂfe
satisfies (e.qg. corresponds to) the progrannedfconstralnts (e.qg.,

pr ogr ammed tke atdessapy dswrie spaedi o nmmnlmaﬁ ametasivy imhatthwva‘suimp upurby\q he
bui | di ng manage erator. |f .not | o ]
det er i ned ﬁﬂg?ﬂgpa TEUr Pert®S1OM peldd m%gpreﬁéﬁﬁﬁ“ginﬁ&%ﬁ%ﬂ1%&eﬂtﬂg

notor or f | f not gWIOWUvaeS to 312 where the RPM speed is increnented
by a predet m<n’é6 ém;c;d (a}qd nEdedah & danth st oePiess af By lgrsepower
recal cul ated at 306. -
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[00] 10] If at 310, the RPM speed has reached the maxinumrated | evel of the
notor or fan, then flow noves to 318 where the nunber of operative fans is
i ncr enentwo 2by/@epedet er m ned anmount. At 318, the RPM $paams2019/06@SEt t O
the initial RPM speed. Next, a new candidate static pressure is cal cul ated
at 306. The controller 300 repeats the cal cul ations at 306-318 until the
candi date static pressure corresponds to the static pressure input by the

bui | di ng man t ope ich r nts the, RPMS eed at. whigh.a
nunmber of tPﬁg :Le dﬁf‘g {r“‘z%? C‘élrf\t,ayh “8‘“%&6{%&* R ‘Br‘i&'é‘r 0y Gihay r%?%} piRate. Btis

progr ammed {0k RIRRE 8F PATATBDELS (1R 5 ¢ORS B3 Alidber FRTopEXAIP kS wliReopunber
of fans may represent a single fan unit 200, two fimunits 200, and all

nunbers of I timrit:'srrmmxuwnnoptmbuttti)\tfathu Roih 260, dfs rﬁ»ahe apéagngeeil i ttihze
system At 314

nber of - dibrabet BSRaR Sl e Rees SRS ER: i X T R ot BB R A
conbi nat i ot at hoveiteheaGhirev e t e ERGHANTRGY HRRUhes balcuRid RS WY BaweMO
2011/ 056319PCT/ US2010/ 050052 [001111Next at 3 16, the controller 300

det er m nes cWiBEKBonR shecivdPE e Waﬁfb@ﬁdibrdsfe@leré a0 Pearfaednis suabal $n he

;ﬁg?g ?Egbgarﬁggoé g{r‘»ﬁﬂnh}ﬁt a,nR!B?lem aﬁ'pmﬁ ﬁ%‘y‘l im n z’lQEmuI }Pe »,L{rg &fuﬂ%x&t%tﬁ?’éﬁhﬂ

speed is rés &fr:ut(pxriuﬁ\& ot dd fak t}RPMrﬁrﬂﬁerd;({l {o Mlaﬁ:i@mdl fﬂpxteemmwherrba@fot fan
operative tan Units. eq uals the total number of fan units in the fan array,
f1 ow noves W§s 399 dm}@kt HB UBH sbeslsthih Wibache ve prdnsigh! ove! fperar icoRsuEPI8T4,  a

table of PAEnbh bGPl AR HhLuRRINALLeNS &S SLEMLAMNGLE SaCR T Y 1N

the tabl e i'ncludes a conmbinhatio candi da spee er of
operative fuans DBl tesachlrve thelassbioik »altueqlmmputnssmamm opmes&un;&mn@m umpaﬂ dy,
t he candi date RPM speed and nunber of oper ative, faggunr saved as

the sol e caHe§THYRF O’rh‘f‘ﬁ‘@ %ﬁ‘?ig%ﬂoﬁ‘fﬂ?!‘ﬁ ged papaliyr BEan Py, tﬁ‘ t‘ﬁ’ FURE NI ng
oper ati ons ;R13u3¢dkipf300! @w @&aéém thé Q@iur@%nﬁ»@e 0f g@é&h@é QR 3R6-Bb8atl $n

conpl eted, the controller has created and saved nultiple conbinations
of candi datietcRRME i@ereﬁsmamst :wmah d&be fngwdrey obfFewpadaiivnvie rf'raimrdum‘r by theat

each achi eves_ t ‘ ut. ste ssure, . [ 00112 nlgrl ng in
era g o eREs pR LS TR i B caRbBLLE , B GRONAS ohERE T eI ¢
potential REMdan Bididee MhiBatheNsnsRiadH ';d’iutr:h%nhr@b&@at@ll eated at 314. For
each entry in the table, the controller 300 calcul ates the hor sepower

required to run [t]ﬂ’ﬂHS@Oﬂ@Btf)@iﬂﬂf(ﬂ@f Atirbey tef ingperatéd/m dmmitnhtab208 \(ﬁsg
for each C(%rrbl nati on of ndi dat e RPM speeds and cand] date n nib it
operative f&h A TR ftﬁ%ﬁ“ JHTRRE *f‘ﬁ’é’“br &é‘r‘alrhw’é’éi’i-‘s?’a’c‘ﬁ ‘ibr‘é”‘é‘%hr‘ ) AR %1113]

For ~exanpl ejd;, mR@R of hhg.PRLER! ialic REMEAR, URi in Q:Q@?%Bﬂﬁt 'é?&ﬂ;%dhﬁuﬁh(%xé abl e
i ndi cat ed t hat fan ur%rts were to be operative at 20

controller &%ﬁumt}’l antalloulay ée pharpomed wisdbenok ma)c:hiﬂotfiﬂmh&rﬂwef fhame
units for tnt?ae\ s LER g‘eqt%m\ d?tws controled by a digital signal, to control fan uny
speed, and digitally-controlled relays o swiich fan units 200 on and offt In the
alternative, the actual control of fan wuis 200 may be acconiplished by manual switches
and rheostats manipulated by human operators. The controller 300 wmay melude a stand
alone computer, laptop computer, a prograrnmable microcontrolier or precessor which
performs the various operations diseussed heremn. The controller 300 wmay mchude a
microprocessor, or equivalent control circnitry and may further include RAM or ROM
memory, logie and timing circuiiry, state machine civouitry, and 1O circnityy. The
details of the design and operation of the controller 300 are not ¢nitical to the present
mvention. Rather, any suttable controller 300 may be used that carries out the functions

described herein,
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rpmspeed. Simlarly, if another potential RPMfan unit conbination in the
table indicated that 10 fan units should be operative at 1500 rpns, the
cont rol | ewowoulidexnal cul ate t he power usage of each of tReTAG261005M82ts at
1500 rpns, Once the power usage is calculated fbr each potential RPM/fan
unit conbination, the controller 300 then ities at 322 a resultant RPMfan
unit conbination that utilizes the desired power (e.g., |owest power) From
the table of po

e e O A O e mote e isaey fad+ 2"
322, the resul t AP P WnflestEttn RECPSACT it Ip e BE I fieigay that
hor sepower .., Then (akied2fti ih NencQBHR AL 3R Al O S T BIMRE T ForZ20Qn PR, Qhe OF f
until the nunber of operative Pan units 200 corresponds to the resultant
RPM f an uniprogendl inat BémayAte i3@4tedtie teombeok LEFK30T agiawsd ticHerspewdr of
the fan unils 200 thal are ggerall e Lo corresnond 10.the FEM speed
i ndi cat ed i“REPREP SEEREENT RO GRTE TRNET FAPISAC T PhPE SRy 2ty
system w | lcogBatttUPYSIrMe e ®@Btio anief dind endd Bampd faticafie@hotRgoReybes; of
operative fan units 200 and fan unit RPM speed to satis4 the programed
const r ai nt $x30Rlpi syitdedithy rafé il ¢ldi higprtiwage fgn tmapls gamignred © operate
between 4 and 10 hp, Each motor exhibits a varying amwount of efficiency depending, 1o
part, on where the motor operates relative to the motor rated load. For example, a motor
may exhibit peak efficiency when operated at or near 70% or 85% of the motor rated
load. As a further example, a motor having a 10hp rated load may have an acceptable
load range of 4 to 10 hp. with a peak efliciency at 7.5 to 8.3 hp. Motor effictency may
decrease as the motor’s operating load moves below 40% of the rated load of moves near
100% of the mted load. The efficiency curve for miotors varies between individual
motors and based on motor size and rated load.

[GM20]  The process of FIG. 34 analyres values for various motor control

parameters to determing which values will resalt o the moior operating with a desired
leved of motor efficiency. At 402, the table of candidate RPM/ fan unit combinations (that
was creafed at 314 in FIGL33) is accessed and the first candidate combination is analyzed.
At 404, a test motor RPM speed is set to correspond to the candidate RPM speed in the
tirst candidate combination from the table. At 400, the controller 300 calenlates the
current motor load (e.g.. m working horsepower) that would be experienced for an
individual fan unil when operated at the test motor RPM speed. The current motor load
i then compared to the motor’s full load (.. maximum horsepower) 1o oblain a
percentage full motor load that would be drawn by the motor when operating at the test
moetar candidate RPM speed.  For example, if the test motor candidate RPM speed were
3000 rpry, the controller 300 may detersmine that this motor will operate al 7 horsepower.
If the motor has a full or maxinmm load of 10hp, then 7 hp would be a 70% of the full
motor foad,

[OG121]  Next, at 408 the controller 300 determines the motor efficiency from
the percentage full molor load calculated at 406, The motor efficiency may be

determined through algorithmic analysiy, or from efficiency tables. or from a motor load-
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1001141 The fan array may be run by a single Variable Frequency Drive VFDI
device. (i)ptionally, a second W) nmay be avail able for redundancy

pur poses.woheligperd at which the fan units 200 run nay PeTiUseo9a®5E or al |
fans which corresponds to the result and RPM speed. Optionally, sets or
groups of the fan units 200 may be coupled to different VFD devices, such
that the RPM speed of each set or group of fan units 200 may be

i ndependent |y ,control |l ed. For exa sep be coupl ed to each
row, or eaéfl‘ré/‘é‘?}?‘érﬁ'f‘“%f Uk é\rF“dﬁ’i“Pélr‘T)gdg‘:“"rhé“‘ﬁ éh d\*\{Ft E“i ﬁX%@ﬁ ot Bt 8t umm

may then begselint & foRYMPN REM 15RE6ASd-EfBieoncl AR hAShalOMSHAGk b vtor
operate at 500 Tpms, while middle rows are set to opérate at 3000 rpns).
Opt i onal | y, has he eéauh}c[x ari Qi pvhRO @ ﬁﬁ%ﬁ bréi m@mrrplkm t@nwr the rmmégr sifienog Nr) a
correspondr deyvi e RP " ach fa

300 oy be B LR ot 38 ShublE 5bE e SRIRE ThyP cBRS G on™

mul tipl e ViDgectfmndhe ;mdep@@n%qlewnw@rdaartaln@rw e oflofkh bRt fah ehad inan to
any particular notor. The VIDs may be configured to be dynam cally coupl ed
to one or rﬁbb@*imrir%@p@hwh@mﬁawmﬂTsida@faﬁatmbmah@ﬁl e iﬁﬁht?rﬁwﬁ@k@#mfe

t he nunber F ) t ar, ferent
RPM speeds “?”L K gfcé) 0 q}}ﬁ'?r%ﬁl tztggéL éf rru afl%gpg\gf' i @%}%H@ Mq\ igmtd?ff']

mul tiple VI-EEmmae)&emg\(b“dium;ﬁrmrmm&njmg.st set of fan units 200 that are set at
an RPM speed of 2000 rpm while a second of the multiplc.! V FD may be
coupl ed to a sedbid2det Nektt Jié'rh" Uht tet200r ¢ hadetamensethedlier de RRVcpeRENDT
3000 rpm 001161 T ulations be .made based on
Footn curveeesgs i auitat oy B MM AR b o EEt meniy Opgargre. TRRSL
installati gRew E@m E VIRSwBAL (HeRPH Gubatedt Ry o ki mEnvaRebNdiyd dualpid aRe uni t
200 and neasuring its static pressure out put and hor sepower |nput as a
tinmcti on ofRNdspdedapay hbwertmts}rr@agwé@msehwn%cwlfr AIsH ehofperfimns at

ar hand, | e BT IBLAL 60 Bl NG UL AL RERERBEV AT SR Bh

vary based o f'or "I nstance, &5 76, Urat’on of
pl enumin \Mmﬁﬁ;ﬂdtghﬁi f80d URItES 1200 ane upl@hﬁl@ﬁﬁ at 108 i¢ a0l dré mg;a:i@tra;myhd hen
be fitted with a poI ynom al curve-the kill curve 302- greferabl of flfth or
si xt h or dercurigit pnghsa gf pepeing dmt uiky bafore ner Ayaitable BPM prywds e roay
coefficient £ oue el Lhe independent. .naki.ab I¢ on ‘to
The best - fIEo b e Ry BRI R BT GEERORh KL 2P Bubll f{rﬁ%re%féﬁrr
anal ysi s saptatiatient ksiristhtsahbenifeont RRMS o asksai\fhﬁnntageiﬁh;mﬂmgmmimmeﬁﬁ\i S
conplete, an equation is obtained that ccurately give th atic
pressure of"P%fds RS T ﬁt‘tnggﬁ HEY £ rﬁ rrar?awrir/ ‘o‘v@‘mﬁrﬁé%ips\t tareed ati c
pressure Ofth}th@a %«M%hﬁfi‘%uét RPER. & Ve, réaaarsyqifmua QUL fMAS Lol baws: D
, wher - I's the nth power cotthucnt”fromthe static Ef Es. pressure
poI ynonmi al zbunvnﬁlabict Rﬂ@s greeBe dreapeiesd AN ils tthananpfbonof npg uidiec fdhetisper
mnute, Df js the t{? l §@& of fan units 200 in the system Ef is nunber
of operati v&"f & unf 8 204 i s the design maxi num speed of the fan units
2 S b 260AY R A PERESHRL BOCLANS Ak Xl BBl e QRERT O
t he pol ynom al secf he st
pressure arRPM/ e gui reﬂb%r;&;kwm«zhheh&%m:Lard 30@1%3@ er% ,at nv:ezt\ganﬁm éf m ne
at 306-318 the RPMspeed of the fan units 200 fbr each nunber of op eratrve
fan units 2B0tby ’r“h%‘é‘r“t‘ieﬁgd’&“f“f"‘ér}%ﬁt‘ Lyappibsoghinpieg, augt thawoare ifiyg gVeid
static presguie,equakliof. geliglldtedeata 396 Lokl Shé:StheStRbdi ons
pressure is reIag‘F{%(]eHai ébggiiTﬁr S %Ségeissqlrﬁs¥ rféﬁg?ig@ngﬁ ﬁioﬁk;@? rirglned% an
unit 200, t4i6 16 &h2 e repe@QDi viaieles @noiousch bf tiee’ tetlableiliiMYepewi) fraraeni t s

200 in the array has heen r ed. Each of the RPM .S then recorded
214 1hr uedTHIET KB SN EERo A ) ApTarTBRraS0R. T Ve elorteol, sty I

greatly Spﬁ{ﬁ,@;ﬁmbﬁlﬁmpzﬁ@,q%&ﬁ4QI@J},¢ RdiaRg, (A& REE Qﬁ%ﬁé%r—?éﬂzn@ hidi8Re e, each
of the various nunbers of operative fan uni ts .

unit comtbinations. Thereafter, flow returns 1o 32 m } i(s 33, Returping to FIG. 33, at
322, the controller 300 selects the motor-refined candidate RPM/fan unit combination

that exhibited a desired notor efliciency and static pressure.

30,



[00117] As described above, a polynom al curve, again preferably of fifth
or sixth order, is also fitted to the data show ng brake horsepower as a
function wD2aiwdsbzaaw far an individual fan unit 200. andPChaSt@vak0s2
consunption of the array is then be cal cul ated by summ ng the consunption
of individual fan units 200. The result of the speed cal cul ation given
above is used to si rrpl ify the horsepower cal culation. After calculating the

necessary fan uqiéi' ? far ﬁach nunbe{ operative fans, the result
operative nunber W Pellpedesd w8 e BrAKET RIS PRl ‘r%‘ﬁ‘?‘gl ven
by fDs. ES.,up@i XLngaﬁcl.L GHR VB dlickbinades @ﬁﬁb&ﬁguﬁmv@lku%bﬂnhﬁiﬁ b%ﬂ@'w’i M}@N{z{ N
cubi c feet per mnute. Df is the total nunmber of fan units 200

system Ef fus tmmbehm@fecwbes:tatmivemzammmzm suOOpcipdes g @umermsﬁw mdnum
speed of the fan uni ) ‘ the. operatin ee d of t

From the stenting Do B BRcudty of telnis BE 2% SBRE G rgbrE hSnl REST
used for th@eﬂ@ﬁt&ﬁﬂ%ﬁn&%fm‘%ﬁi fol He (BB 2coRthRk Rk, 3RG ar@mptehaﬁe@el fankake 320
t he power consunption of the one fan case, the two fan case, and so on up
to the totakasniindrerated of ¢ highenREN gl bbf@}bd’%l]ﬁ‘bﬁ*ﬂ fhe umRpnp: hf'—’ér‘ﬁ%t«ﬁ@h*ﬂiﬁ4
fromthe st r r. l. he
controller @B iflR g%djntu?fﬁ&%g L \i}gqgﬁt B ﬁ%‘}‘nt%}%% {%f}sum i eﬂ@ R%é) ;the
fan unit spee@ut hat hei zliena\@m Ql\tﬁg@:ddﬁﬁt nedl sdcovg [RIOA powsr tﬁensuﬁmmauom‘m The
controller 300 may then optionally directly ad{ ust 324 the nunber of
operative fO&HS ahvtf@\2oial‘hfrema%ﬁ“»’le%%éﬂalésii% shheerisratise fppRBlS AsHEEHIRS on,
O o Y AR R Ul PlterRaSLORERUROo LAl ARTRR QBERAL O L0 jRbefrent
manual ly. I'n an ex rrpﬁ odi nent, hg control 300 Trecal cuf ates the
opti mal nunrperd. dfoi@aemakl mremf SN U b‘. zmdsait mamaunqeaadtahs ofith egd quhdannone
m nute. The frec uer}f% (ﬁ.@cal cul at{on {1 lim te([i onl z the speed of the
conput er NFFB¥MH“NY ¢ ‘B“f"éa W EEEdn A A PHPY WRYPIS HERGRST i TR SRR BUR HPhg s
needs may beaMaRi sw—;umldefm%(edb@q@mgm edrhieh ey @9&1{ avat &t &l hﬁPé nes.
[001 18] The controller 300 may inpl enented in any of a number of ways.
For inst ancsleadtamgeﬁeﬁel derctl‘pOsBldEdPﬁp&liﬁp‘!Cday dhféfffm‘ioﬁi"éhﬁwdt o Adlgrmativtivt he
fan array. Alter troller, in an exenplary

% v p\

enbodi ment mﬁ‘l&dﬁué%ﬁig){@?%dh g%‘l{’ & ?Ollll%ﬁﬁ%\?ﬁ?tégramed with the necessary
algorithm Eith th Yy ;v il S & controlled by
a digital si gnalef{ é ]coﬁsﬁ‘?‘wl T g‘ﬁg{m 1 s@eg%dad atﬁ)g’%ﬁn&l tal Ti\@%gﬁ? ﬁg 1199%“]6

rel ays to swithchid] ammmzb%u&(l@ ﬁmﬁmﬂuxm‘d b dadhhe thd mefsnal m:vt&ez doheitmcbual
control of fan units 2Q0. naﬁagﬁbacqo _.Eés_hed b nual swi} ‘E’; an%)
rheostats f&Ri PurHbed” B SPBF APFEULEF eI RY PEINVEIOTSL b’ VURET Blle a
stand al ong,¢QRRULELach (RP! @B; CORME SF o BrsPlOOHLRRIBDE S, MIGhOGAR: dglulnﬁE £r
processor which perforns t he various operatlons di scussed here|n

control | er s8@8Girtey mqim&ﬂ%ud%fa a third mpm«heksdp o gl cel}umhalznenm lc&b‘mtlrﬂ&t zhm
circuitry a i nclude RAM o T .. 1 ogl c q

i rout try, 2B PE” watli tehsl B AL Py g R PRI . 2 The! SBLAVIL "D he
desi gn and 8pehidlde0Rt pm@,e{ﬁ@ont roller 300 are not CI’I tical to the present

i nvention. Rat her, any suitable controller 300 nay be used that carries out
t he functions dqemra@n)edwbar at F4 Ve 28066 3AORGTS Ua2 0050022006 19 FI G

34 illustrates a ﬁrocess t br cal cul ati.ng notor | oad-effigi encP/ that may he
carried outtithaROHKSER YoRewH O danrEnt ‘é*r‘na{t“rt FEUBRB O/ Y UeTEeY "@)&‘é‘ﬁp‘lf@" t he
process of \Fl.G th%‘}n&aﬁfkitleudn@%%Iﬁgh&i@t”@“ JQ}% B@ﬁqgiﬁu@\t@iﬁu@m @ i Wligce of
t he horsepower cal cul ati on operation at . The electric notors coupled to
t he fan unitba: &6 agedEraklthe soinf ngsmsed\\middﬁeusajﬂaewdtio m%ikam 13006, ofr tine

rated | oad rated horse ovve) wth.a rated
| oad of 10 W0 GulsudroReRH Crdy BT BEY buibet 165 tBBertiE BehRatatifis Ao
hp. Each mu{sefatiexRinkidis ot ¥ar i Gnaimunt of efficiency depending, in part,
on where the notor operates relative to the notor rated | oad. For exanple,
a notor nmay exhl[bmt"‘?gleamﬂf A1l Siceme R ) efePeiRh@dhatofQipenest O (@S0 of
the notor rated |oad. :As a further eXanple, a notor havi ng a_101lip rated
| oad rmay havECairic cepeasiised bagd f»*an@éubfﬁmweetq@b figcusiid ghoye pegranection
ef ficiency P 340 hie. ’ Gl I 1
operati ng I“gigahdf Ir(f?)véis (gﬂﬁn o 46%”8& ’ﬂﬁJ {rtat)gg%%( “‘%%5‘3’2%33‘?&?80@?&? t he
rated | oad. The efficiency curve thr notors varies between individual

notors and based on notor site and rated:il oad. [ 00120] The process of
"M 34 anal yzes values for various notor control paraneters to determ ne
which values will result in the notor operating with a desired | evel of

notor efficiency. At 402, the table of candidate RPM fan unit conbinations
(that was created at 314 in FIG 33) is accessed and the first candi date
conbl nat| on |s anal yzed At 404. a test rmt or _RPM speed is set to

I ~rsR A I T



efficiency curve, or a conbination thereof and the Iike. For exanple. if a
notor is operating at 70% of full notor |oad, a | oad-efficiency curve may
i ndi cat e whavitvassa9not or has an efficiency of 90'!,ti wrem/so1dOII52 | nn
notor | oad. Once the notor efficiency Inc been determ ned. then at 410 the
controller 300 records the notor efficiency, the correspondi ng RPM speed,
the percentage | oad and the nunber of fan units in a table as a
notor-refined can ate RPM uni |nat on, The fitrej nu _

i nf or mat i oﬁ*%ymag ol it e b eeanrahgrd Ak hiedngd
utilized atmi%ﬂféist @i 6&9@!‘3\@ Renaandidal;e tRRMubiE: 1kio GHRR DRLLAASK tier is

[ 001221 Next at 2., the controller 412 determ nes whether the test notor
RPM speed n&rtmé\tl:%t t@np@nﬂnwsa\mi)ﬂabdl SORPM spaed! b thet et tiour Wane anifber
of fan unit.s. speed is set to a new

RPM speed. [F]BIQ %Qﬁ%? éh‘“ f‘hé‘wﬁPﬁTig G&Y jﬂf‘?‘avob‘é“l ‘él%é‘&‘sitl\‘é% or decreased by a
set anmount at 4] @i)l‘NﬁXt K I(% h%dgﬁﬂetgﬁg PR3 ffl?wt'islli' thl’gnm%gngq ﬁgﬁ@ﬂ)ﬁ%%tﬁgﬁa@ﬂ}

new not or -r efi n di dai an unit conbi nation I saved
i n the tabliecorfhiecopel ahidpsmadic 406otmehl 0 Ar €)Y, epeat@ehilenttiol debembuusrent
nunber of operative, fa? units has np nore avail abl e RPM speedls t hat, ,ma%/ be
used. For &XHRPI &7 PHR W%B’”e‘éﬂﬂn‘éﬂ/”ﬁém%%ccfé%s?”%‘@’} y %Qiep £niisu dﬁm&
range of RRNLERERES \H‘ &ﬁ%ﬁan %mé‘nﬁ%tw@r‘ﬂ@@ b PERPMERQR Blor@a®Bhate fan

per cent age bel ow t he can date M speéed. The operation at step 418 may up
t he RPS spesds wnt iON nedceﬂﬁmgmamtRBMt%p&'ele hatAfics {@QSemmmﬁm‘emm‘ mat?l\h: or
a set percent %91 Eegbc]ve t he icandl datle RPM} g je,d. %ge t he avail ab ? {@\A//I
speeds ar e 'BRATYH ¥ SRHBPIELFASHY I ARROBTR B SBRYUTF Ve UPRAMBNIPES T

noves fromedkd t@edddnroller 300 0RLERI A SlkctidhenC ARG LBiplASL & MRS
whet her addi ti onal candi date RPIV!fan unit conbinations exist in the table
created at ;;@qmvgtm@ec i38yiemnEef omr@zmﬂ fan upis. Knelonabl. ei PN Hdestio Ber tilanaandat e
RPM tan unl 1gﬁ? l ta' Oorxl i‘;mq um}ﬁ 1eafl & ak{zvfh a{ gj’?ig?n ﬁ?l\{lhgrg g { are

desired to chidonbihat i-on operatlon

412 are repgat.eddki, e sltjgnﬁ;s daﬁﬁ@ idrarooeaeh updaik e &nﬁ%&@h{&bﬁ%i%&h&p@@eﬁiﬁ)
for each of the ten candidate RPMtimunit conbinations, hi the foregoing
exanpl e, t Rt PSR iteHsPHEETY 08 operalie Folwits Bpaathe wopkbsepeNosoumed

mot or -refi “Handiidale.REM Lan 4pi t combinations. Thereafter, flow returns
to 322 in gﬁ%m gg Ret u?lri?"ll:)n1 to FIG 33, at 322, the controller 300 selects

the notor-refinggycandi @%ﬁ&txﬁPMthk R4 pr%f?m@k {b%!:&ﬁr hihehagxdm it et
desired notor efficiency and s tatic pressure.
2011/ 056319@@#@52@1@%@&‘00@211 [aO@ﬂ:‘rJMl)Mthu Im mkifiust"iﬁa‘t e*smwim it it patiespeed

array processin 1( accorda ernative
ot ent TE MDY RER EHrET Pree b BeRtEa S M iuni B SRLRAEYE,
set of oper@fkVvienfeansRisks: dinglowdrs o Ghilsfigtiands RV EPLR::, Bedingnizng tad
502, the nunber of tiers is set. For exanple, two or three different RPM
speeds may g Iﬁf&\oglﬁiamféﬁ pfidge ob operarre fanaustamea inglade phtb?anémbﬁfpt . 7o
R TR AR T T R T e e R A
Al t er nat i velych Gmrﬁ’f @ata pfmfxazn Lum}t Senl RatBag h&mmmp@a@hu&omﬂ ARy ihewiich
alternately assigned first and second RPM speeds. Thus, adjacent fan unlts
may have difREBPER CTIN SpEENE: tpni! fé‘vﬁ*ﬁbeafe»fﬁﬁéa éfﬁb‘ﬁ’&f‘*r velopgh QyRT £ gnult-
aSSI gnhed the, flr. IS rd . { ts
2oei gnod t H"ShERN T, FRSCE A Bl MHELL R EGtehet LERURAENG PR D o
f our quadr apesyonitk. each quadrant assigned a different RPM speed, As a
further exanple” operative fan units in a first quadrant of the fan array
may be assi gned [¢c@imohs RPMrSpeedivmhiit eubee o omores qmadrnaintfgd‘ofmﬂﬁ hee f an

quad ant s nayCBe BEShyRactL Commbr RN Epdcte ottt o1 BRS R 55
at 503 the tﬁﬂﬂﬁtﬂi@{ﬁh‘ efc. 300 Bakeid ahesctienply UIonmef bé hevdadly @hald them
pressure to be contributed by each of the tiers. The tier contributions may

be equal orN Wik dreast Thertipp e tolp ﬂzf%m&mthItrerb@t ;Q‘épmrtﬁlrrbﬁéﬁfi ol ihe
nunber of f 4 I [ r I 50%
of the tot a{m P En%'t utﬁ‘ul {]c‘?@rﬁ 38‘% t" |egr()‘?)r§11c ﬁmnggyam 1{ ﬁ[ Qt%i %rrp}%ndéﬁ%§
15% and a |'ourth tier |ncI udes 10% then each tier vvoul d be assigned a
correspondi ng percentage(50% 25 15% 104N of the prouranmmed static
pressure.



1001261 Next, at 504, the controller calcul ates the nunber of operative fan
units and the RPM speed for a cizrent tier. For exanple, in a two tier 25
fan unit woray/osehere the first and second tiers incl udeCTARR@NMH56682
respectively, of the total ff,in units, then 75% and 25% of the static
pressure would be attributed to each tier. Hence., tier one may utilize 10
operative fan M As out of 15 tot& fan units while tier two may utilize 2
operative fan units out of 5 toé ap u o % 127% Next at 506 t he
RPM speed & it Brdagpsicat i édf“%m ‘t}n‘f‘i‘%‘ ‘f) r oy shgptr ARde (08 R Ry ebe
refined ban%QRM 0LRL &fhd Gl BNGL 88483918 ‘E»Hﬁ@ ggrtﬁbﬂ% rloRo:CARNEE Lh AN th
FIG 34. Optionally, the operatlon at 506 e omtted entirely. Net at
508 it is dedr mrne‘dn‘iMHmh‘emaﬂah bk el?\h"emwhfrismahm\beermamai y.z bdaand Hat

assi gned RPM ﬁ ﬂ nunbers of operative fan units. If not, flow noves
to 510 wher ‘f‘%“Eﬁ%P% WAEERE is increnented. The operations at 504 and 506
are repeated for g ne t4e Jnedid b re
tiers exist, eﬁgﬁﬁéesgkfsicgﬁ%¥ggﬂaQBu§Q%id{ﬁ%%ﬁ@fgﬁ? ﬁﬁﬁguipﬁ&gygaggs a
fan array ﬁ&x@&’lﬂfdugildr1&td(ﬂﬂupfnﬂ0£ﬁ$ ahrpibedeniedfithe apaeat dangeiow tTheatontrol
alternative enbodi nen the contrﬁller 300, determiies a,current or

t
initial coﬁwgiar%w.lbn%%ffoﬁﬁé P Yerlpaivatin fqcateddp e iy foose pRecipiy p dhe
confi gurat ign aﬁfi? Opﬁa‘}zaHa\é‘?pE al@xe 91 DBYehesRMle & ﬁhéﬁl&%& 191%" B%Rm‘i\’ﬂﬁ re
alternate fan ts are and alternate fan units are
al ternati vérmt@psk el e impiretyent\édlmﬁwh eﬂanqmlm;} bmzancﬁdbckasmcém vhwtkhmbne

nbodi t wh th 300
ol et on g1t et Rt o b Mgy ot PERT DY AR PR R i b Tore

operative fiafadilistiBat S PEIRRALA Yy 1RLconBBbsysteRLoADNT IO JnfE! 3AQ BRI infRuSTEeNT
an algorithmto automatical |y calculate a new pattern for ‘the operative fan

uni ts. Nextacogtrobog i wﬁnw&)ilht élﬁmr&g@*a daguspsddoge iheroaticenyitp Atders of
operative fan uik! Sl 30T aLLSINe 3hs REHBGY Sof 2T Rgle %

tenpl at es or’ preprogrante ns or calc

[001291 Di fefeetr@natly padiied ﬂﬁuﬁﬁm tze PRASRIEYHEINELIOfpRUELA TR inoah! Wikl sad at ed
to evenly distribute the life cycle of the fan units. For exanple, if a
first pattépH df?eééﬁwte‘sima“cH@ckeﬁmﬁéﬂ‘t—’é‘?%‘f"@%@ﬂéé@m fowet @pieThay Sritckee t he
gaps in the,f I!Eesl'@;zﬁaﬁk%ﬂxnﬁ}@%é 13&qu‘(\g‘?h\‘c\%ﬁﬁ#\\{)atter” of operative Pan

uni ts includes an units irst row, the second pattern
of operat|ve fangats TRy kH&hHQ? Qﬁ@ fan i t SleRécaid:  #6mRPLd08avelhey
controller :300 may periodicall % .g., every nonth, "every quarter, etc
switch fr ormmenmmmfwm@ b8 gpene cp“a;t!@@r?ﬂﬂﬂﬁbr iremn«pr émqs?»t(\r{éi?/} be

the 1an uni08 bl e FRUEH Ral B E5hinte faPl R Ao Fornal B R PRHRER: 1

woul d experygnee; mhsiramglrﬁl.uy Eﬂ.ﬂr@huﬁﬁi‘ﬂ@ﬁ&ﬁm@fw;t@%ﬁ’ﬁﬁ@tﬂk@@mﬂﬁd@'&m c(mim}ier
[00130] As a further option, the e pattern of operative fan units only be

swi t ched or®38premrol opgratiay ow;g N L. @?%Thcm@pm@m%qg@m sehelel et ek,
each nmont h u i C st T r ‘ be
"cycl ed” byuﬁu iglﬁﬁi s‘%&tﬁgéf O\l%’ 3t Jrzrip%,d§ 9t 5 nltﬂﬁm hﬁa{nldgﬁgfopﬂ [;r?ﬁu”( ar ».,inc.nzf\y

that were akhexintige 6QN: m 684 um edni@ikr 670 eo;fuaﬁm»umatns Holtab{ fe &V HTRNPTY ad | y
cycled ON rnay remain for a short period of ti

t
2011/ 05631@15@7’UEQ@IW‘@§B§5'2 ety VT %6hoﬂf"“‘§”’dﬁa§)"1‘*‘elﬁ‘é‘h}‘* P e P PO
short peri %‘tp&uﬁ;&;@%ekwm% desiy alab% 1&%@1\4&0{&1@ %f@\ggmit& chAGINEARPRAS

and ot her rts e notor and fan, may resul Tom renal ni ng
st at i onar y shord wxbessioneby2-6fong perlods of time te.g, to avoid flat spots
form ng on hearings). [00131] FIG 37 illustrates a local fan array

control system @40 ¥hat hnyﬂtmﬁlwnﬁ“émén@@wmkﬁfeeﬁne@muemqmﬁ@hhanﬁéhﬁedinent
of the present ihventio tr

physi cal |y Fgvat b arer arates oF PP FEeeMERLE LS o erethin et U5’ mblyp °
exanpl e., tdie-czanty ﬂ'}@|c:uﬁﬁ‘¢$ﬂe@Eﬁbﬁéﬂmmytﬂ@i;;ieﬂhﬁ@&ﬁé{ﬁda!ﬁﬂi Q}}@,\Cnmmﬁéi pafrenor k
with the fan array. Alternatively, the control system 640 may be Iocated
within the &We bukkdl Kguemagpr iinthe SsriondBuddiongrdsppud e onprlst ad one
or nore la I trol
ovstom 640 oL agn LRt 85 R ATD MR Rl AL SO RSB e B EOP
above in connection with FI Gs. 3336. The controller 650 may resenbl e the
controller 300. The controller 650 is elsctrically coupled to an array of
notors 652-655 which represent the notors within, and that drive, the fan
units 200. Ti should be realized that nore or fewer notors and switches may
be utilized as indicated by the dashed |ine arrows.



[00132] The controller 650 is also electrically connected, over

comuni cations/switch [ine 686, to one or nore variable frequency drives
(YI'D) 672vend11®84319The \I T'D 674 may be a redundant VI ‘PDTiUsat10i08006n1 y
activated when the primary VI ) 672 fails or is serviced. The

communi cations/switch line 686 enables the controller 650 to control
operation of the VFDs 672, 674. The comruni cati ons/switch |ine 686 also
controls the stat or clostid or. sw tches, 682 and 684. _: By
openi ng or WFBEEh o e thed o B &“‘“t‘h‘é“ S ror ier TBOgRETANSR <
one or bot kysefykheis G734 ﬁ«@%@%%&%’hﬁ%GE;E}@R&K@?%uﬁéﬁﬂmﬁbﬁ ol 01@1@572
provides a pul se wdth nodulated (PV \1 power signal to the notors 652-655
where the pmhsreuwrdtdgﬁmdsfmﬁ’ange@r ttxp Elbﬂiti’rloulf(ﬂtme(BBM»ébeéhE &mvm ot 61
652- 655, %i he conté ﬁ ecte 2 H‘D witch
line 668 té“‘a‘% ?ﬁ‘“é’é‘ Y R ‘W%ﬁ“&%s&“‘v\ﬁﬁﬁé BT 8%y o}?ol0 A% ‘o‘hé‘“t‘d“bne

rel ation wighhictine p@phﬁ}{tﬁeﬁﬁ%xﬁﬁ5gre-mﬁ‘egﬁsﬂttﬁ@!ﬂl@l’ 650 controls the open or
dosed state of the switches 662-665 to render a sel ect conbination of the

notors 652- 655 qperiayi vepudibdiyniinber badesicokbbnat iraritiph VRDO63? G65R26BHat t hat
are rendered operative corres onds to the nunpber  of _ operative ggn unlts
cal cul at ed BB 1S EoAMEEY K TS AA3LaRn thife ﬁbtwsmae@mp Bheghitg
connect ed tygg af;regslﬁasé%m{&ee@?ﬂ 1 07 B190 W 601085 £ QRA 135! GhORR RBLAI NS
information regarding the notor operational status, tlona y,. t

f eedback : I\ 68¥6 wayedmel oormeshe: kot sighs orosors bt atpﬁi@mﬁ de neasur ed val ues
such as for the flowrate (in cubic feet per mnute) the statis pressure,
and the Iike. [DO13§] ooitmrvam fesnail) gy he Raplemenigdsisr abREIOto CusBNEYI A | pl e
VFDs 672 an t S 0 n £e i e fan
uni ts. ngﬁg flllgé’iiit h?e alﬁﬁ I‘u% qe()%é \# % é}s} Odhmbg&cgctrmp% 10 Cbﬂlﬁ im bE:

of the fTDt Ofii8y @5&3@&@1&65«331&% Up@eh&itxhﬁwslﬁﬁs@ mﬁbvd){i@) arir 7 ﬁm@@@mﬁﬁ‘ﬁ(ﬁ‘d vhﬂz
remai ning hal f of the notors 654 and 6 [00135], The control | er 650
may he i nmplErRiere dikaybarepbibcansoling i Hwﬂemf‘éfplmsp*«faﬂeqvwa\ Py maget|tthes
686, 668 an , h r < nd
the |ike. Ogi?lﬁonazlnl%\]‘4 ﬁ]%%lqﬁgsb geﬁnéggggdndg%'igﬁi RO l%ergr%(eg‘j ?‘gte&“&g?ﬁ%’
wirel ess | iovksa WhET Biln 1140, BoxY.rat.)b. é?‘ur@ﬁﬂnpienmﬁmﬂahesnwj mlééssmw tdpaane or

nore of theV 2, 674, switches t.ches 2- 665, notors
652- 655, arfd Eﬂgﬁggﬁ?@gfﬂé%mw&b*aww %?ﬁ»ﬁ@m AROIRAR, ‘*“‘é Eatjon. eprra Al e,
t he SyStemuﬁgﬂM@hlqﬁﬁn 830 WHQQI RAY e fnfAhige LW Hﬂu‘é?ﬁ:rﬂ%@%&ﬁﬂ;tﬂ;ﬁy&ft@“
(BMS) that includes a workstation, operator user interface, display, etc.
The 13SI VI coayolbe te i dagonited ahove. rrpl ement the functionality of the
controller that is described above, [001361FIG 38 illustrates a
distributed fan[B9F%y cBierod Eysrem zodswiugdcBrdamee caren avererldiment .
The distrihu an t C is
connect ed to&gﬂg%{{“ \\bsf”br ((:%yﬁz%gﬁtnhﬁl\t d%% cﬁsg} gggd é;")r“g’}"lq Pg'ulsﬁ Sltﬁgggpl%t ﬁ:laast
W rel ess farscara a2 itkitds tawecit08o anthidbakts 2i4, \Miw&s;mamn oy Bl@face 706, a
electrically connected to a communication system 712. The ﬁ ystem 700 may be
used to supPBIEsraRBlaY SBREIS! /UScuHE i G At PN ENY THORTEBIP RY cBraek Art ays
720, 722, FREnGYATRLE .y libg 10! k1AL ab4ian Hhonay bR aRYSRo LGdIEKrRRE ORI he
above di scussed calculations as to the RPM speed and nunber of operative
fan units. <Thidgwesel tranhoRRMfar fanktacoml At dnr eayvile thassddsiewsr 7tthe

i nteract, tel ephone |ine.or di c ted | pcal .or w de t wor t he
o array P50erehan S ine v aieret cpuRlot ooy ST P o

i nterlaces p(@8eandodQfiveRLIAAR! e rBsul @R RPVEMn TRY LhANELE nﬁkﬁsﬁa R8d

t hrough the wireless or hardwred fan array interfac.es 708 and 706 to a

system operﬂaﬁoﬂ‘ksim?mfasd aitlemvgeer 1mwkslt®mtewd7¥m®1! PRALT 283 sttirkphdhe 716,

et.c. The tan aY,+/ 20, Jhotices and fee dback,

operator 0 P s e hReE Uy eBt R REERAST ob el oy
fi-ir a pregeloenn, nedmamuntm@fuidbm R A0S Mmrmeneued&eekm fhewbed g1 702
may keep records to determne where to route a service notice, The server
702 may ret'#@ih HHEaqes SO PR A0S ¢ aqtiuemi chgras Pk ab ar vehwWolbtiest AP, PDA

par anet ers b dates N

Fasul tant - Aot T RRTES (i B Ay e T PR A o
fan curves, etc. The server nmay performthe cal cul ati ons di scussed above in
connection wth Figures 33-36, -36-



[00137] The comruni cation system 712 may be the internet, a voice over |IP
(Vol P.) gateway, a local plain old tel ephone service (POIS) such as a
publ i c swochadssabephone network (PSTN), and the |ike. PATtuSeonaswsty. . the
coi nrmuni cati on system 712 may be a | ocal area network (LAN), a canpus area
network (CAN), a nmetropolitan area network (MAN), or a wi de area network
(V\YAM . The server 702 interfaces with the comuni cation system 712. such
as the internet or a #ocal POTS based tel ephone syste to transfer,

i nl Or mat i oX BBt e SHTRRE 6 At 2067 PRESHTRIEIL MR AF TR At &P 1%e
708, the U%@xhﬂ@&%&ﬁ%hﬁ%ﬂt3%@n@§1&&!hm%ﬁtﬁggﬁki RROGG 1R ARk pRESFINA
data assi stant (PDA) to the database 704 for storage/retrieval of
records of thetgrmate nﬁme Fvonmnnsttancezmttd@e teter\»ste»ref 702 vrpyreclovitl: Gy inpivds a
Wi rel ess connect esul.

of resul t ant RPN ‘&H"‘h‘ﬁr“t“%‘ﬁﬁ “hﬁ‘f‘} Bﬁ%’mﬁ? ‘t’h‘e”‘*’é’t“ﬁ]é?‘*dh‘éﬁ@"“‘t‘tte“’éé#%? o2

nmay upl oad chantifidRo@Fdsaiad ®raLinomif anvsihaans, (B hoddodlficiency culv@Q]iR8]
Dat abase 704 is any commercially available dat abase that stores information

in a recor daf sitvet f»ton dhesevenmey ey the Thisuigaip abdiseusrolaboyg pp gonnection
|nfornat|on“§pﬁ&u§3 kap curves, past operation tinme. |oad-efficiency
curvesitabl es. candidate and resultant RPM fan unit conbi nati ons, notor
paramet ers, and ihiehi kene Ihy prurtt-~9r;ttetta% 792 deRhoaat Al 0a LR, dataase
704 via the ser 2 or, alternatively, the intbrmation is up oa ed

t he server(Wnﬁhughevdamdbaﬂe)$ﬁ4sdttkpnm{@@ﬂﬁ@NPtﬁéﬁnmt@nﬁaqe@hiaonahdi708

interface wiith the 0, an. The w rel ess comuni ca

Ui 2o pr ot o€ Sebfit RS At e callTralntBr B NiTEr SRR D el 712

FIh PElR_L@N 13_%\ 524 @lchi tr%t tn@{?»ar@tt? }3@ <f:ar;awtbtdr§nﬂan@at fﬂlﬁtﬁuaﬁqﬁom@taw and
e | 1Ke. e user workstati on my I nterrace w he conmuni cati on

syst em 712 ngtveorkH&TANL ervet wirke P@Tset\pxhd%nwad Thef wrymt /U8 gt lacasheith éheyer

702 fromt h‘%i gﬁp LJ?%E SV sQAE‘h 712, Hvt\thh a%}ﬁ?‘N gtgl‘r G? (e I?P(lt)t‘k %ﬁ&;&qtiﬁ@t{%; QL 8?5

di agram of "ex & manners ‘i m rese I'nven

may be storedundisShidrbuii@dberane: iRg@lhethonia a&ormutermhaadalahar @diggm I n
FIG 39, the "application- represents one or nore of the nethods and
process opédpaicsnerifiaivnsd8ds abhie @ cThabappl | @ aei grberssmalmialy apisiangEetat ed
and stored 0 . K, 3 The
source codeﬁgdgﬂ ‘%ﬁﬁéﬁ‘?%ﬁgg*edtgvgg% qfhgggﬁgg8fu}$gg@§sedg§9£y@&‘Q%'

806 to produser Gb} eety &iﬂ’d’eﬂ:’.&os&l J herm;c eohnode 78, trsaheo:mlqyxede GVeros p'a& h

810 and saved ,one or nore applicatjon masters on a naster
conput er - - SRS hear i e12esihhe BEYUCE wiow OBy teopihen " Hifmdious
tines, as d@ﬂ@@ﬁﬁ’@%yBﬁﬁQdﬁﬁétuﬁﬁa@QQQHﬁﬁn@ﬁ@ﬁyﬁkwﬁﬂaﬂpﬁ“‘Cat'0” copies 816

that are saved on separate production conputer-readable nmedia 818. The
production conpyberis) eadabbeemeol as 818 a5 QukbReNCatuekRd dadsadenat ethrby
path 820, to various systems, devices, terminals and the |ike.

[001411 A uslermal@miinz e22d freweyiie elg2enin dienay st el'rhnséoaarae Shbwtpras
exanpl es of. re open i dyctii abl e
medi um 518 M BTN SrC A ARt abli e aritD S (RS SRR T RhEESIERSS)

For exanpl eandibge prdessaliaRcafputser emeadaﬂsj;e nﬁwrm&&;a&m{iba itrnstaitd ed

on the controller 300. Exanples of the source, naste and production
comput er - r ér&aaﬁrf@nhﬁdtwt*aéad ugg s giepaga 804 herftraémraut‘l-a% dt‘ﬁif‘a‘f‘reﬁh R to.

CDROM  RAM;,,iBEM i ; f i L on a conputer system
and the Irlrl‘ée m‘lh@% ls}qg(gp&)x%ﬁ gﬁtt}?rﬂ%%ﬂ%%uﬁ%% and 820 include, but
are not |inited [tmt «*)Eetwt&z&ﬁkbwﬂém | 7 @B Eace %Ltthectz@@t;hmﬁsl\ﬂmnt raped
wreless :1 ,ANs, N, satellite, and the |i | ' He pat hs 804,
810, 814, amd oﬂ'olf:naymamsromma:pr“es elmhipurm)tocebr quh vati‘émﬁa«mnr ér‘*\éemﬁ‘ﬁ(lf@s
t hat transpo ...... p tcal i es of,

br oduct ; on Gipare S TR B et acuaBR! 85520 gt Rt Sun v s Bkabni

| ocati ons. afliehpakhs - &Q%seﬁﬁﬁrhs&lrénamd BA0 i@k apie geNdoriibigad mcakiched
out by one or nore processors in parallel. For example. one co uter may

ho: 1d the Sdgrde todecsed or &bt terdonglogdingppesen catahgegyer (4 fog dhe
conput er s qﬁ¥hopeﬁﬁte in parallel to produce the production application
copi es 816 e paths 804, 810, 814, and 820 nmy be intra-state,
inter-state, intra-country, inter-country, intracontinental,
inter-contine.mal, and the |ike. [901421 The operations noted in FIG
39 may be perfornmed in a widely distributed mann r world-wde with only a
portion thereof being perforned in the Lfnited States. For exanple, the
application source code 800 may be witten in the United States and saved
on a source conputer-readable medium 802 in the United States, but
transported to anotlrer country (correspondrntto path 804) before
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illustrative, and not restrictive. For exanple, the above-described

enbodi nents (and/ or aspects thereof) may be used in conbination with each
ot her. | weaeadditdises19 many nodi fications may be made to asaptusaopastoszul ar
situation or material to the teachings of the invention w thout departing,
fromits scope. Wiile the dinensions and types of materials described
herein are intended to define the paraneters of the invention, they are by

no neans limting and are. I ary nts ot her errbodl ts
wi |l be appar enﬂ‘g?]djfra’ﬁ] hoé%Jf of' é}li “‘F‘I‘“‘i“"rfl gﬁ‘éga t‘”ﬂ%‘oﬂl\/gé‘\li@\ﬁn M he Thpol
descri pti oRymplREnSeORE (R pidi&yl MYERTIHORAF NRULEy et h%‘ix%fu@&ﬁ anQeEnQilﬁH&f ghned
with reference to the appended clains, along with t scope of

equi val ent sotpughirckiablgohedalnai rhs i e3enbd tapptication” tshem‘ppemterﬁ mfauﬁﬁw t he
terns "incl u_‘_' ng". and in whi pl a n-.Endi sh lval ents of
the respect} g‘*&“‘ge‘}}ﬁs‘"’“ﬁb‘%ﬁpf}é e 15\*8‘“%%?& HPB‘“ “é"‘é‘\‘?gr‘“ “?“ﬁqﬁh SR

fol | owi ng .ogli &l ad BRdEAR S0DIdRSE sdurde cor80ARdadabl@RddinhhROX, The Qe are
used nerely as | abels,. "and. are not intended. to inpose nunerical

requi r ementegdof0¢ fieilyen: OBy aéetingn«ﬁWé)r! angHgoggspct Bt porsPIeT $¥eid DIYBY ng,
claims are, fetqf \é\’f'iddebh%“ Iy Re @@%&‘e%ﬁ &I’%%\ eQ»Qg u%ﬁf naﬂﬂhgh%ﬂﬁ af BAER dec'

to be |nterp ased ess and unti

i Mtatior trGoreXppieasby mts,aar{ be: dﬁﬁf@c}S&Dn@iﬁ&Mmdhm ;fzalu@m«n e o ﬁio&t&ﬁtﬂerl t
of function void of further structur % ow 451 The terms an
expr essi onsPnatth R vePBe dMeEs e ‘ibnd‘f*%’é“ BY g9t At E‘é"h“f‘aﬁ‘i%’é*tvﬁul“brl

are used agy.f 'i; LQ) ied836hAt 1,00, ANk, N, pa%a: 'r&lz%;& rlz Q&‘m 0 ARSI HWedin
g 'F e 'T es g

i ntended to qui val ents o eatu escri bed or
portions of‘ﬁlﬁheﬂm ;'ﬁiméuﬂ&mpeanthercudw&nmcdm R azded}emedmaneki | dsndetedidotd y by
t he cl ai ns taa‘ls; 3 Ownv. VWHAT 1S CLAIMED, | S:. {‘1%1 n air handling system
conpri si ng:PAE 53K b?%@F‘éé‘t“’éﬁ"‘iﬂ&ﬁ’Hé‘?‘ SOl O dbal* % an units; b. said fan

Un T 110050 1 2SR 0, PRI 5y SOBE L L P
examples of hardware components, on which the production compuier-readable medium
818 are installed as applications (as denoted by 828 thwough 832). For example, the
production computer-readable wedium 818 may be installed on the controlier 300,
Examples of the source, master, and production computer-readable mediom 802, 812,
and 818 mchude, but are not limited 1o, CDROM, RAM. ROM, Flash memory, RAID
drives, memory on a computer system, and the like. EHxamples of the paths 04, 810,
814, and 820 achude, but are not limited to, network paths, the internet, Bluetooth, GSM,
wfrared wireless LANs, HIPERLAN, 30, satetlite, and the ke, The paths 804, 810, 814,
and 820 may also vepresent public or private carrier services that transport one or more
phivsical copies of the source, master, or praduction computer-readable media 802, 812 or
818 between two geographic locations. The paths 804, 810, 814 and 820 may represent
threads carried out by one or more processors in parallel.  For esample. one computer
may hold the source code 800, compiler 806 and object code 808, Multiple computers
may operate in parallel to produce the production application copies 816, The paths 804,
810, 814, and 820 may be intra-state. inter-siate, intra-country, inter-country, ntra-
continental, inter-continental, and the hike.

[00142] The operations noted mn FIG. 39 may be performed i a widely

distributed manner world-wide with only a portion thereol being performed in the United

-38-



c. a controller capable of automatically controlling selected fan units in
said array of fan units in order to inprove total fan array efficiency; d.
wher ei n twe 200mMt5631P| er sel ects an optimal nunber of operarivseoHARENItS SO
as to permt the operative fan units to run at substantially peak
efficiency. 2. The air handling systemof claim| wherein the controller

cal cul ates a necessary fan unit speed to give a selected static pressure at
a selected airflow | O all nunpers of operatjve fap units fromaqne fan unit
5t oCt he SHEScrBer@un Rt B Paso A Cads RS Padtriien iy Hed i S ry
handling sysheghed & &l Burd: WsHEIAERGbEORLERM ®02CRl it AL8SdSQtks. bt
necessary fan unit speed by iteratively increnenting fan unit speed and the
nunber of dperaticdéo fixnbanotsyy GonThendmghapdhiSd) bylsteamoafilind. a0pmi®s tbkr ei n

a calculated static pressure at the selected airt)owis given by the..
equation (B ?I&upa.) ;ﬂ{nﬁ@%z&l@, %‘, dppﬁca%m’; source code féib Ay St Hor alitside

of the Umied States, compiled at a compiler 806 located i the United States and saved
on a naster computer-readable meditun 812 in the United States, but the objeet code 808
transporied {0 another country (corresponding to path 814) before copying and
installation. Alternatively, the application sowrce code 00 and object code 808 may be
produced in or outside of the United States, but production application copies 816
produced i or conveved to the United States (for example, as part of a staging operation)
betore the production application copics 8§16 are installed on user terminals 822, devices
824, andior systems 826 located in or outside the United States as applications 828
through 832.

[00143]  As osed throughouwt the specitication amd clamns, the phrases
“computer-readable medinm”™ and “instructions configured w07 shall vefr to any one o
all of (1) the source computer-readable medium 802 and source code 800, (1) the master
madium 818 and production application copies 816 and/or (iv) the applications 828
through 832 saved i memory i the terminal 822, device 824, and system §26.

[00144] It 38 to be understood that the above description is intended to be
ilustrative, and not restrictive,  For example, the above-described embodiments (and/or
aspects thereof) may be used in combination with each other. In addition, many
modifications may be made to adapt a particular situation or material to the teachings of
the ivention without departing from its scope.  While the dunensions and types of
materials described hereln are intended to define the parameters of the mvention, they are
by no means hnting and are exemplary embodiments. Many other ewsbodiments will be
apparent to those of skill i the ant upon reviewing the above description. The scope of
the nvention should, therefore. be determined with reference to the appended claims,
along with the full seope of equivalents to which such claims are entitled. In the
appended claims, the terms “neluding” and “in which” are used as the plain-English

equivalenty of the respective termy “comprising”™ and “wherein”  Moreover, in the
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are coefficients determ ned by systemdesign. CFMis the selected airfl ow
in cubic feet per mnute. Df is the preselected nunber of hill units in the
system BWVoOi2s1ttdsesinunber of operative fan units, which PSTiUSes1aswet y
increnented. Ds is a design nmaxi num speed of the fan. uni.ts Es is a speed
of the fan units,: which is iteratively increnented, and X is the total
nunber of coeffi ci ents> 5. The "air handling System.of cl ai m 4 wherein X
is 5o0r 6. 6. The andlln system Cla|m4vvhere|n f
coeffi ci ent{‘%ﬁ‘b‘é‘ﬁ#é "‘ 1 Fé“if’él 1at SEFBY 4 et HEN &%nﬁ?ellg*? ﬁ‘ef “%f‘i’ﬁg of

a. Measuringgam. n8MRidiealo %ﬂ)&sﬁmﬁﬁ&%a‘i’ R@SretehidNid oRChlicaR STRLE G
airflow for a single fan u b. fitting the resulting data wth a pol ynom al

of order i dimiengohiheifs ii&anmg mi'mgerm Gmt\tmm@ it meavaplye-fofciOn, ! ueufuailndtaof t he

ggrez)f It gl rennt ﬁ H}imhic.d kP g\emtcrpuh.d%aseepan 35 g E)Cillyn\(?\ %lamtiglrph i ’d.ﬂg %ﬂM om

such claim linitations expressty use the phrase “means for” followed by a statement of
function void of further structure.

[00145]  The tenns and expressions that have been emploved in the foregoing
specification are used ag terms of deseription and not of hmitation, and are not intended
to exclude equivalents of the features shown and deseribed or portions of them, The

scope of the invention is defined and Brited only by the claims that follow,
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d. setting X equal to m7, The air handling systemof claim1l xtherein the

conticiller first calculatespcn level -.-juir-al to operate the fan array
selwoted/stapi ¢ pressure, a 'selected. ain't( w a&ad/useel/osiost er ent

at a.

nunbers of operative tan units, fromone fan unit to the prese | ected
nunber of fan units in the fan array, and then adjusts the nunber of
operative fan units and a speed of the fan units to mnimze the power The

air handli

| evel

determ ned by system design

requ

Sysremof claim7 wherein the controller calculates the power
Rg@ }u&iggg&ﬂgkgﬁhation ", Ds 11"( )here C' are «coefficients

mnute. Df isjthe, preseliestedeneihgrsigh: fan units in the system Ef is

nunm xr of operative fan units, which is iteratively iner Ine.nted. Ds is

dcsign

2

13

a. A preselected number of individual fan anits;
b, said fan units arranged in a fan array. said array capable of operation with
a number of operative fan units less than the preselected number of fan
wnty; and
¢. a controiler capable of automatically controlling selected fan wnits in said
array of fan anits in order fo improve total fan array efficiency;
d. wherein the controfler seleets an optimal number of operative fan units so
as to permit the operative fan un#ts to run at substantially peak efficiency.
The air handling system of claim | wherein the controller calonlates a necessary
fan unif speed to give a selected static pressure at a selected awtlow for all
numbers of operative fan unts from one fan vnit up to the preselecied number of
fan onits i the fan areay.
The aw handling system of claim 2 wherein the controller caleulates said
necessary fan unit speed by eratively incrementing fan uni speed and the
munber of operative fan anits,
The air bandling system of claimy 2 wherein a calenlated static presswre at the

vy , K . T ey gt D) ’ o [)\\ 5 .
selected arflow s given by the equation Z C.CFM tﬁ—il (—)"", where Gy

.--4;' JD‘
are coefficients determined by system design, CFM is the selecied airtlow m
cubie feet per minute, DI is the preselected number of fan units in the system, Ef

13 the munber of operative fan units, which is fteratively mcremented, D8 i3 a

.

ChMis the selected airflow in cubic feet per

a



maxi num speed of the fan units. Es is a speed of the fin units, which is
iteratively increnmented, and X is the total nunber of coefficients. 9. The
ai r handlwogosyssiam of claim8 wherein X is 5 or 6, 10. pChasadm/ob@szl i ng
system of claim8 wherein the value of Es corresponding to each val ue of Ef
Is given by the results of the calculation shown in claim4, 11. The air
handl i ng system of claim8 wherein the values of coefficients C are

cal cul ated by a yjet hod conpri Siﬂ?gft e . steps of.:

}h S o a.rgaqﬂpg he§m@t
LA YR TR Ty NS € BaTom e 3 D TR y Sl et g
level as a funct®OH GFVSPRFYw6r% BF 15 5 glte Tl auimepd obtherfag gy Yhih is
resulting data with a polynonmi al of orderwhere mis an integer; c. setting
the val ue of C, ‘sgunkhtiseemenedantitisdhe g nurdsr gejocllerivhid f the fitted
polynomi al tbr n running fromzero to tn., and
5. The air handling svstem of claim 4 wherein X is 5 ot 6,
6. The air handling system of claim 4 wherein the values of coeflicients €, are
calowlated by a method comprising the steps off
a. measuring an empirical static pressure s a function of an empirieal
atrflow for a single fan w;
b. fitting the resulting data with a polynomial of order m, where m is an
nteger;
¢, setting the value of Gy equal to the coefficient of the nth-power term of the
titted polvnomial for n running from zero to my and
d. setting X equal to m
7. "the aif bandiing svstem of claim | wherein the controller first caletlates a power
level required to operate the fan array at a sclected static pressure, a selected
airflow, and with ditferent numbers of operative fhin wits, from one fan unit to the
preselected mumber of fan wmts i the fan array, and then adjusts the number of
operative fan units and a speed of the fhn units to mindmire the power level,

8. The awr handling system of claim 7 wherein the controller calculates the power

o Df
" f} '

« . . n X R "}9‘; 23 "y
fevel required using the equation Z(( FAL — )", where (, are

)
coefficients determived by system design, CFM 13 the selected airflow In cubie
feet per munute, DM IS the preselected number of fan unils in the system, Ef is

number of operative fan units, which ig feratively ineremented, Ds iz a design
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d. setting X equal to m 12. An air handling systemconprising: a. A
plurality of individual fan units; |i said fan units arranged in a flirt
array; amdoeotiasentrol | er capabl e of cal cul ati ng a set pofi/ysasianedosz s f or
controlling selected fan units in id array of fan units in order to inprove
total fan array efficiency. 1 3. A nethod tbr controlling an array of Ilia
units, conprising the steps of: a. providing a presel ected nunber of

i ndi vidual fan units, said Bﬂgnlts r.r anged g an arra}ék said arhay
capabl e of oper é‘t‘f’*&‘ﬁ“%”@‘ﬂedd“ﬁ U a‘p\érla“PF O RS PSR I BT
presel ected nunmber of fin units; K providing a controller capable of
calculating a pmﬁmﬂé“?‘éldﬂfié‘qmﬁhﬁé@hﬂé)“t“@;%’élr‘étﬂekﬁhé-%‘—‘rray at a selected
static pressure and a selected airflow for different nunbers of operative
fan units; c.9i I'kiabmiagdirgnaeptt erinin § wihnkeér Xof 3opérative fan units that
will mll:9nd ze the power |evel; and
1. The air handling system of claim § wherein the value of Es corresponding to sach
value of il is given by the results of the calculation shown w claim 4.
11. The air handling system of claim § wherein the values of coefficients Cy are
calculated by a method comprising the steps of)
a. measuring the power level as a fonction of airflow for a single fan unit;
bo fitting the resulting data with a polynomial of order m, where m i an

integer;

setting the value of €, egual to the coeflicient of the nth-power term of the

&

fitted polvonomial for n running from zere to m; and
d. setting X equal to m,
12, An air handling system comprising:
a. A plurality of individual fan units;
b, said fan units arranged w a fan aveay; and

a controller capable of calenlating a set of parameters for controlling

]

selected fan onits m said wray of fan units in order to improve total fan
array etficiency.
TOA Fyr e B 3 33 Fe YAy Y A s I 11 Sy of e swbs
13. A methad for controlling an array of fan units, comprising the steps oft
a. providing a preselected mumber of individual fan wmits, said fan wis
arranged iy a fan array, said array capable of operation with a number of

operative fan units less than the preselected number of fan units;
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d. turning fan units on or off until said optinmum nunber of operative fan
units is reached. 14. 'lhe nethod of claiml 3 whereirl the co Dtroller

cal cul at eyotzha/isexer | evel required using the equation PCTAS:Mbe5008here C
are coefficients determ ned by systemdesign. CFNL is the airflow in cubic
feet per mnute. D is the preselected nunber of fan units in the system
Ef is number of operative fan units, which is iteratively increnented. Ds

i s a design maxi mum speed. of the fan uni an oper at speed, of the
fans, which is iteP atﬁ“?ﬁé&’y‘ i h EPRFRAINE A “X‘Iﬂéﬂi‘ﬁg‘g ot ‘f“frni:j?r%e‘r“"{’é"f‘“ o
coefficients. 15. The nethod of claim 14 wherein Xis 5 or 6. 16. The

nmet hod of claim 1.4 whiersl fetaeyvl ussedsd siged brapentasd @ segctedcar da dbied by
a method conprising the steps of a. neasuring the power |evel as a function
of airflow fOr a si nglifamundicts otlkopbrdite figy drhiis; resul ting data with a

pol ynom al of order m where in is an integer; c. setting the value of C.,

equal to the coeffcii@atirghe thepihhnPawahet @dP:afiivt gy bhiedihaolynamializd or n
running fromzero to m and d. setting X equal to m

the power level and
d. turning fan units on or off until said optimum number of operative fan
units s reached,
14, The method of claim 13 wherein the controlier calculates the power level required

. wo A s
using the equation y LOOEMY —; i

\\\\\

¥, where €, are coefficients

~

f F)
determined by system design, CFM is the airflow n cobice feet per minufe, DY is
the preselected nomber of fan units in the ent, B Is number of operative fan
units, which i3 #eratively incremented, Ds is a design maximum speed of the fan
units, s is an operating speed of the fans, which is ieratively incremented and X
is the {otal number of coellicients,

15, The method of ¢laim 14 wherein X'is 5 or 6,

16. The method of claim 14 wherein the values of coefficlents Cy ave calculated by a
method comprising the steps of!

4. measuring the power level as a function of airflow fora single fan onii;

b fitting the resulting data with a polynomial of order m, where m is an
nteger;

¢. sefting the value of €, equal to the coeflicient of the nth-power term of the
titted polvnomial for n running from zero to my and

g, setting X equal to m

e



17. The method of claim 13 further conprising the tep of calculating a fan
unit speed required to provide a selected volune of airflow at a sel ected
static preweori@sbap di fferent nunbers of operative fan eairtes2008005Dne fan
unit up to the presel ected nunber of fan units in the array. 18. The net hod
of claim 17 wherein the results of the fan unit speed cal cul ati on descri bed
in claim1l7 are used in calculating the power |evel. 19. The nethod of laim

13 wherein the static essurt | iven hs the equatiaon ., . design, t FMis
the airflowi "'c’&‘iﬁi*—‘&ﬂ?“g{eﬁ‘e"‘ ‘%"@Fﬂ ]\91; ﬁiﬁ&‘é‘ﬁ SRS ME ‘-‘ﬁé*'Bro&%F‘é‘&'t“&’da HUEHSESPBEC £ an
units in the system Ef is the nunber of operative fan units,. which .is
iteratively i ncregiisddd rpgdd 8 selheledesigne pasdl s pselgoted stakie prepuaipt s,
Es is an operating speed of the fans, which is iteratively' increnented..
and . X is the nuihent ofmsoedf vairentesiin (20s, Fhre ometilvoduofip dd ahap:idQ:levhal ei n
Xis 5O 6. 21. The nethod of claim 19 wherein the values of coefficients
C are cal cul at edyhyheroBh ol BORPhRIgI.Ng the steps of

18. The method of claim 17 wherein the results of the fan unit speed calculation
described i claim 17 are used m calenlating the power level,

19, The method of claim 13 wherein the static pressore s given by the equation

2o CLCEM if ) Ut where Uy are coefficients determined by system

design, CFM s the airflow in enubie feel per minute, DI is the preselected number
of fan units i the system, Ef s the nomber of operative fan onits, which is
tteratively incremented, Ds 15 the design maximum speed of the fan wts, Bs s an
operating speed of the fans, which is iterattvely incremented. and X is the total
mavber of coefficients.
20, The method of clatm 19 wherein X is 3 or .
21, The method of claim 19 wherein the values of coellicients Ty are caleulated by a
method comprising the steps off
a. measwring dan empivical static pressure as a function of an empirical
atrflow for a single fan w;
b fitting the resulting data with a polynomial of order m, where m is an
nteger;
¢. sefting the value of €, equal to the coeflicient of the nth-power term of the
titted polvnomial for n running from zero to my and

g, setting X equal to m
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a nmeasuring an enpirical static pressure as a function of an enpiri cal
airflowfor a single Fan u b. fitting the resultinc data wth a pol ynom al
of order WO 2hi@rse31m i s an integer; c. setting the val ueproffi/uS291005m82 to the
coefficient of the nth-power termof the fitted polynom al for n running
fromzero to m and d. setting X equal to in. 22, The nethod of chum 13
wherein the controller alters the ru.nber of operative Inn units
automaticaiy._23. An air handling . systemconprising: a. A preselecte
number  of ind%%z/i 3&-\%’1‘“?‘&{19-{]%?’1’-‘%:1? Bheleit therCRATOH AR R DATPH o GPSRIF %ay,
said array capable of operatior wth a nunber of operative fan units |ess
than the presel esttegutnmgbet!yf fan units; c. a controller capable of
calculating a power level required to operate the array at a sel ected
static pressuik jangr baskhectednabnpliomef or different nunbers of operative
fan units, identifying an opti mum nunber of operative fan units that wl|
mnimze the power,| evglescidfigd hutRimg idd@RdtithSu@y, or off until said
opti mum nunber of operative fan units is reached.

b, said fan units arranged v a fan array, said array capable of operation with
a number of operative fan wuis less than the preselected number of fan
T RN

¢ a controfler capable of caletlating a power level required to operate the
array at a selected static pressure and a selected airflow for different
numbers of operative fan unis, identifving an optinum number of
operative fan umts that will minimize the power level, and turning fan
units on or off untll said optimum muvber of operative fan usils 18

reached.
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