CONTROL SYSTEM FOR EXHAUST GAS FAN SYSTEM CRGCSS
REFERENCE TO RELATED APPLI CATI ONS [ 0001] This
wa@ppbjiogari on cl ains benefit of U S. provisi onaPCT/US2008/087572
application Serial No. 61/022,120 filed January 18,
2008, the disclosure of which is incorporated herein
by reference in its entirety. TECHNOLOGY FlI ELD [ 0002]
The present invention relates to buil di ng exhaust
systens. More particularly, the present invention
relates to control systens and nethods for controlling
gas exhaust fans to exhaust gas fromthe interior of a
bui | di ng. BACKGROUND [ 0003] The lifeline of every
buil ding ventilation systemis the exhaust system The
I mproper selection, application, installation,
operation, and/or control of the exhaust gas system
can cause poor system performance. This can lead to
unsafe recircul ation of fumes and exhaust gases,
excessi ve noi se, premature naintenance, fan failure,
and wasted energy. [0004] Conventional gas exhaust
systens typically have a fan and a nozzle, or a fan
and a stack device for pulling gas out of the interior
of a building and then conveying the exhaust gas above
t he r oo€CONIFROLePYSTEMFOR EXHAUNYGAS FA¥ SN TIEYed
by increasing the velocity of theexiting air in order
to properly dispel the air or using a tall stack, both
of which serve to avoid reentrai nment of the
di scharged exhaust gas. [0005] In this regard,
reference is made to U S. Patent No. 6,43 1,974,

croySRETHEHENGE T B EL aTen AePLICUAONG 550, 340,
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gh vel oci for exhausting atnosphere and ot her
61/ 02@&%@:ﬁledﬁhwey é&,h?é)Qgtthe dissloawre of yhiahalk incornpuated bicrom yrrgference in
roof areas of buildings and are used to carry exhaust
ﬂgges as high as possi bl e above the roof |ine of the
building so as to ensure an effective final dilution
TECHNOL/®GYasgL.Dv thin the greatest possible vol ume of
ambient _air and to ensure their dispersal over a |large

al¥921y The ResreHimmeatioRtslyes toytorldae axbrustxataine Mprsgoartticularly,
.
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exhausttgas frotmathe caenvarafiartgiltlingw pat hs are defi ned by tmo
respecti ve passageways. A fan is positioned within the
fan housing to urge exhaust gases to flow upwardly
t hrough t he exhaust paths. A passive zone | ocated
BA(jbgpmﬁgNIﬁhe tmo fl ow paths supplies environnental air
for m xing i nduction into the contam nated gases

bE1063] eXha u&th@d of hrasy §hilding vewsHeteangiysigne is e gxdppss system. The

improper selection, application, installation, operation, and/or control of the exhaust gas system

its ent

can cause poor system performance. This can lead to unsafe recirculation of fumes and exhaust
gases, excessive noise, premature maintenance, fan failure, and wasted energy.

[0004] Conventional gas exhaust systems typically have a fan and a nozzle, or a fan and
a stack device for pulling gas out of the interior of a building and then conveying the exhaust gas

above the roof turbulence region. This may be accomplished by increasing the velocity of the



[ 0007] These conventional systens exhaust the air away
frombuilding intakes or any other areas that could
WO e@wd09@7T e- ent rai nnent of the di scharged exhaRGI/Ug88/087572
exmn?‘gl‘rii 11%/ g dgﬁ%ﬁjrg%é Qlﬁ%{kgglefa?gorﬁfé& ;ﬁac tya? :P%ggigp\ghlﬁgggge to avoid re-
entraifirpént of e d%\lﬁhrg&ﬁaﬂl@al@dgefsor t hese f ans is to maintain

3000 fpn1at t he di scharge of the fan. [000
vI0RSht I thes regad gist @nceﬂﬁ@@ée fosU 8- Ratspt Yord: %ﬁmlmssued to Tetley

ot al., BYS Fatht NQ! 4, %6@@’7’@9559@&0“ @ﬂdr%‘)(éta% S.h[ae&etﬁﬁ\g}.‘ , f39!399?15sued to
nd safe

"system performanceé and provide efficient a
Kupfedpeg, anzhldn are Eﬂbgd@d’ﬂpmrswdé atipgh wtc&ﬂg et fonexdatdtimg atmosphere and

rovi esu troI £ns and net hod SUMVARY .
other S50 0f ForREN SR Blh g e %yngmt?dr LR SO obpudjaes and are
used th BMEPEAHANsH AsQrABight 4 JOEQVleABofe A SbST [HBBE Rt AMdINE%00k to ensure
some of the aspects of the invention. This sunmary is

an effegppive lﬁnﬂlechhlélontoéthec@m& Wighik e greatestippisill velugreeaftagbadnt air and to
e i.,nventi on to defi tﬁe the SCARE of the invention.
n

mmuﬁfgﬁigspPﬁdé%E d%%c%eﬁr? TRETBIELENP™  nvention a

C pmmspl F6Y/&ta@ipld, Shdraial Gitdadi exhRxMRH ShpGaSs ay@hséasarﬁif shown in
pe descri bed above. The control system may

US. Pﬁ??é}hl\])é/d“ 80¢.8¢4 hap agipzels in wéllqhdwomoemrm%él%mm @re éiaﬁned by two
or,

respecBRE LN @A (R peRlonPd WAERFE BRI AG B Rpst gasesto low
upwartirthebuigh éhesaxbtiesrpathadausissidé safedogeedigzwtasthe ded Eowipachs supplies

the s a1|c pressure in. the exhaust system % nd
enviroggieaatif LR g by m%%%%dé% S AR 28 DEBIEBRusted through
1heco§%§jﬁ fﬂﬁyzﬁ&ptr0| one or nore of the above exhaust

onents in order to maintain am ni num gas
emaM]st Thbﬂewogwmlbealesyktams exliast thh air@wsy iftolm bl dwgintakas or any

other i i R kAT 185 H B e of e PRt S-EEREE 687 BiEp gforie inhaling
the exh8RL 1Th AN S R gt %M%cﬁ?ﬂﬁs@ha@@ fiohea §tAMERI(00-3,0008fpm. The
contr ol ¥st em nai nt ai ns ass danper cl osed

ANSIwedardder thessvjanssis &hmamtain 3804 énnm a'fnﬁhﬁ disohargnef be ey wi se
ORBOR | o RAS SRR ek FRRCB LR35 B AR cRR A oxhans
gas falBysiénad ﬂh@deﬂsﬂretﬂi@peﬁxmbtﬁtpeﬁbﬁﬁa&m hﬁ@ﬁﬁﬁnd@)&fﬂ@éﬁﬂ aatlisBf@ operation.
t he byfpass danper. By keeping the by pass danper
EmbOélln&f‘sl&oo é&%@ﬁﬁerx}\mﬁnﬁ@n P@Vw'é SBIsearof pystmesrendricthgdspasss
danper in order to correctly control airflow,
consi derabl e savings in energy may be obtained. In
ot her enbodi nents, the by pass danper may be
SUMMARY nat ed al t oget her. [0012] According to yet another
a i.nventi.on e contr IIer controls
oRPA | he bRy B wPBpatd S raRe Y et eBlshasprovide a
basic ﬁlcﬁfk‘tﬁﬂdiﬂg & sBHlelof Iﬂ{eeasgo@dfs 8bthE alenfioR AT MS S@RMErSR %Sfjmtended to
fan drive (VSD or VFD) may be provided for each of the
identifiysdeey or Trdcdl slenepisend thaipvoiocadirie tefiharbe seapn 0£th@rlevglélpn

and a
P RS R et R RGPt 5Ll 0 o
exhau!ilr £ eysadrhyothiné %@@Ql%sdrfb@d hoad. (The@ontrdll sYWemah) be mounted directly
stantlall%/ ually between the fans.
on to the fan plenum so that it can operate one or more of: by-pass damper actuators, stage the
fans on multiple fan systems, control the fan drive systems, adjust discharge nozzles, determine
the static pressure in the exhaust system, and determine the air flow through the fan. The control

system may control one or more of the above exhaust system components in order to maintain a
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[0013] According to one aspect of the invention,
adj ust abl e nozzl es nay be used to nmintain a constant
wWEe@eeure7 i n t he exhaust system header. An actREE/UR2008§87572

R T b
to ensac@@opcDeperaasi oftht behauszgkenmo urliehelps Recollesveasesy.t he

fl ow and increases the velocjty of the exhaust air .

el hgAcrRrdingA9 rae asneetfdhs WyCatkRs. HisLorEolowpiery maipgns the by-
pass dhPECASLE WHIG [gfaé ﬁWf/e}g‘ b ARG RASHSInRuNEh A Ste¥wRE o#)cgf% the by-pass

exhaust air. [0014] According to another aspect of the
dampdrre enirtan,gas trchaostrbpod ths ysnemm s Adesstgntedaticpresiretraaynbe

..a mni umpre-determ ned di scharge, velocity. Thi .
maine ] i BUPHE. SOGT B 2CRR A AIEG 1 D DEREATRELrRY Kgpping the by-
pass daMpeiSdcackc R WNR SN ARLsPRBPRI dcR thehRPdsk AbMPEITh order to correctly

condi ti ons. [0015] According to another aspect of the
contral ayBewi emsiderablsegringninegnergynmanbe dipimngd.alr dthevenamdements, the by-
4S8 dgr%ulrdmdrgg lbr%{ o,}/gtﬂe Itﬁ\éel needed to maintain the set
p ePEC] %X/, ?henfaaﬁ(asf’g?m "be nmounted on a m xi ng pl enum
Woh2py ARG Ein@lto Bes@tlich agRENE the inlB& GO e @htreN&Icehtrols a
woul d npdul ate these danpers to "nmake-up" the
pluraligyef varishle spasd fane egeated @n ORI MplenEn et mpdinde fanysystem. A

. . . i
sdjustiE S8 AT BT be VB me PR ABEPLOLR (3RS, The fan specd
may be adjustel bstyste mpeondt mohsmonenda progee nakiminy spasiSor the fans. When

.danpers, fan speed, and adjustable outlet nogzz]es t
multlpﬁ%{% aieﬁngggé%eém%g EPIUESiSpiHte ﬂs%f%@bﬁvala?i%nca%@eﬁ%‘# éygstfgom rate)
<ubstalTBL &@'aHQ%e%gn teagontrol system may control any one

conponent’; sub-conbinati on of conponents, or all

c p3heArsorlingtte dnabspeet ¢fODL inveromo ndjustgblt oozaiext thay be used to

. _.enbodi t, multiple exhaust fans ar rovi ded and the
maint GG AEPI el dbREROTENoRS 5E PirgrEe p Seigyopaey B tsdd 'S change
the poSi&iBRRF 8 poftdn of BREshtlct Ay -URBRby adjdstiioaté NE-A oftRP8rea. Decreasing

and adj ustabl e outlet nozzles to nmaintain system set

the nopdi puitlct Pres deersesasithsiiew end mpycaatsstbe welaeitodf thhgxhaust air exiting the

operati.on.of isolati.on danpers en a exhaus%f n.is
nozzl RGBTy B s Ther Pt PERBGS sl Ry LG g RO Pot e

exhauspeiraust fan is energi zed, the isolation danper is
opened. The exhaust gas fan system may include and.the.
B b Asgardisg trayotbeimspent ohHiP iBYRatieBrhe AYHEC] system is designed to
: ' ' : - ald Lj
min G858l OBty 2 TRy k6
determinsewith o, ingeint toeasid stivkedwinarash andposibihd edendrmairgn ano nomlitions.

p At | east one fan is _qgperating and at |east one
PLTEE o aavtﬁﬁroa&@?ct@ﬁ@*edﬂvq%gflaﬁgswe hephidne
airﬂov?1 dERGNERIM diRbeldiicastl Rledeaid Bhfitdh trRN&t Pdlodife thfe fan(s) may be

ans, the control system may energi ze a redundant fan
mountedon @xhiaust plsamewyth bfhmscontleal-m dampepr: okhiedenfrolrsystem would

cycling and sequencing.of .the fans. [[0019] .Additional .
modulilherP o Y PR 4B oL PR iRt heini e ffdatocity
throug@lﬁﬁ@éﬁﬁﬁlstfﬂi@_m the follow ng detail ed description of

Il lustrative enbodi nents that proceeds with reference

t PpEe According to one embodiment, a single exhaust fan is provided and the control
system controls one or more of: by-pass dampers, fan speed, and adjustable outlet nozzles to
maintain system set point. The exhaust gas fan system may include and the control system may

control any one component, sub-combination of components, or all components listed above.



acconpanyi ng drawi ngs. BRI EF DESCRI PTI ON OF THE
DRAW NGS [ 0020] The foregoing summary, as well as the
WO 2doboti4ny detail ed description of preferred PCT/US2008/087572
e ] 0 I .
o R e e A e ot A RE R 2R arsheo provided and the
controp HysEas eortfols bhdistmaiciofithyt-pess dampat] fan spdedethe nusmbshaninstaging of

in the awi hgs exenpl ary .constructi ons_of the
fans, %nﬂ\ﬁéwtag_[?; Qumlsa@zéfé,s (q FEHHY BB ACPO Ho he FORQ gyyigm may also
controll 03)3{3&%'0{1 lof is%ttigﬁ Qﬁmﬁ&g W%lraﬂr@ﬁglfklt ol i€ ﬁe-ghéfgzgé,ecﬁie isolation
Included 1n the drawihg are the follow ng Figures:
dampdr@9dajedrIVherlars¢rdmasst dm Bxeangizadythb wol afion glampbiais pergads The

fan stem [0022] FI 2A shows an exenpl ary exhaust
exhauaggeS? VSR BRY dﬁal?%tf@mﬁsi SYSIaL Y ?ﬁ*t@&w fianqgnponent, sub-
combitthtidh GtoRTPBAGH IR LI RbmbbfentdWR& dvReand having a

pressure sensor, by-pass danpers and adj ustabl e speed

drives; [0023] FIG 2B is flow diagramillustrating

t gi,c of.. an exenpl ary.contr.ol systemfo

c PO ReG o AT Rpes SR oy s SRkl fpyare mounted on
a comfrlo@pledin. [ A0R4d ofrd &91.is 3ferainth 313 £ MWt G fax BRlaakdndby mode. One

exhaust fan that may be nounted on a roof of

of the fais|ngyrepmiroe 235dundimy fam Alngage affadwiswiane éf(@ﬁ%ﬁ% {he control
t i - . .
systengﬁ@ léﬁ%r&fzg % Jg%@dgﬁg ARY S E NP lsag?ts@g; cIn?t?c% %%9@33(18\{1%6 rr{or cycling

oW an exenp aus
and selastichg; dfthefnexhaust fans; [0027] FIG 6 is flow

S Mo S AT NS B S SEESTAT Xy B3R f o o
the folldvAng Aefaficd h@s‘eﬁgﬂliﬁ%ﬁﬁhétlra!tik’/é bh@bintRat ; IS&;%Tisovfzvitﬂ eference to the

exenpl ary contr system i ncorporating v e speed
accompenyieg drvongshe exhaust fan system [0029] FIG 8 is

flow diagramillustrating the logic of an exenplary

control systemincorporating variable speed drive and

BRIEFDESCRIPEIONIORTTHODRAWINGS the exhaust fan system
[00301 FI Gs. 9A and 9B show exenpl ary adj ust abl e

ol028} hbeg Kregping soBDRryFRGyell @s the fellovingidagiedriescription of
illustrating.the | ogic.of,ap exenpl ary contro) stem
prefersd SsaMarihg St I b Qb Eh Cinfunstion Wity ¥ appcited

drawiggj B&itA®berposd dfbtlufiedial @it iniémioh heRX b siutsin nahe GdSligE exemplary
and [0032]. FIG 11 shows an exenpl ary. exhaust gas fan
constrygtiqng of Higvnvrgtianchamtever. theisyeionds aeldpidhiedhaunepifigmethods and

e ORREHER k| D AHSEAROR1 55 0. IR PP
dproge) sFIG. 1 shows an exemplary building exhaust gas fan system;

[0022] FIG. 2A shows an exemplary exhaust gas fan system having a control system in
accordance with an embodiment of the invention and having a pressure sensor, by-pass dampers
and adjustable speed drives;

[0023] FIG. 2B is flow diagram illustrating the logic of an exemplary control system
for controlling the building exhaust gas fan system of FIG. 2A;

[0024] FIGs. 3A and 3B show an exemplary exhaust fan that may be mounted on a roof
of a building;

[0025] FIGs. 4A and 4B show an exemplary exhaust fan system having two exhaust

fans;



DETAI LED DESCRI PTI ON OF | LLUSTRATI VE EMBODI MENTS
[ 0033] Enbodi nents of the present invention are
wWa@lRreo9Bd’ t o systens and net hods for control | i PQI/ER008/087572

CTRE . FRE ShERGTEENED o Aol b U SRR TREARE exhaust

fans; one or nore conponents of the exhaust systemto
optim ze system perfornmance and i np. rove energy
oft02g] ehly. 6 RO | JEtiesthalpeisel da sxemplghy gontrol system
Tl %irlé‘%lﬁld%x‘tt&'h%g%kﬂ-' y constant pressure in the
st n C

incorp &Pt . .
exha eader a provi de a substantially constant

f [0928} hFBughistilosy dxpraost luteatmg (tles lggic o as gBsmplaty aintipl system
. const ant. vol une and.di scharge velocity). At the sane
incorpriigt: \PHEE TGS U0 B SHRgIB IS Bhed to ensur e

ProaRsl e W isdwodiafi BEiAHSE tRl lﬁ)gﬁftﬁ_ah‘éxgrﬁﬁﬁﬁa&%tt%n system

' exhaust plunme having a velocity surfficient to €nsure
incorpptpsingviaeiatle spded driye pod adjugiablaonidbelwoedes mtatheeshaust fan system;

(o] EXRMN ] ke. nbodi f th
MR BT Bt oR R, AR AR b PR one o

NT008 1 F OFEGNENS $loGf dib fremaNbakisihg @asiofi@df ai 8k @Ml control system
opti m ze system performance and {)r ovi de energ
a

: ) . ( y
incorpegafing yariabip speed firived byspass.cd peipsiahlel qudlet raselonsite therrxhaust fan
Mapgware that allow the control systemto nonitor and

mal ntain a constant static pressure in the exhaust

siB2m BIG .cldnshbak lah Rgeropleryasxhamit @aefh aygtmdpsingr control system in

onponents. The confrol system may acconpl.i this by .
accordagig W B RELeHENgF o PanghtioniRaPaHT B ralﬂltlaf?ga% pysrop and having a

BY sR@SSand LSdard-ust ment of the nozzle outlet area;
plressuva?yl ngnth spee%rﬁlgdfr the fans; staging of fans; and

the like. By utilizing and controlling one or nore of
these functions, the anount of energy being used may

1 0T [ 7] . ! r sepower

e APl GREREATH EvioBYSES,opoe

VE033p! Enfhioersbnd MBS prefdm inVicatifi!dirdtidtd H8tdds d@dSSethods for

flow, and/or adjustnment of outlet nozzles area. [0035]
controlligs) wrexheest ganfaanustese Toe confeolspdemmesy morikprahe static pressure of the

t.agi f ) | 1] f t '
exhaugt psg%cgr?gagﬁ goét?l Uoélt% gg Fﬂg)r% %ﬁéﬁneﬁ%z@?{%smn%s} g?%édﬁkgée Sptitﬁﬁe System
perforaadéoandahiprionatergnefficeady.f Ohic c@erodbystend yrap a8 slesigingeto, maintain a
i di i mproved effi cigﬂéi ((fs and energy . savi,
¢

Substaﬁ{igl&%gt%ebw\fiw i9rihy odien g yad grayi Wpaigatialy constant flow
throug%dtﬂé Sanad fglllﬁe(g% ,tat NBs %tiaﬁ%:&hﬁ ¢ édn?%étﬁ{: ég?}ﬂll’ar aet\ie(l)or%:ity). At the

Syste

convent i ona ens I NCl U
same @nd, thotegratysem ofaytbealevignediosensartprader flimodn afitbe exhaust air and to

0036], Al sg, cert.ain large faciljties have an.
generigg L MRS TN RAEORE PURSten LS SRR B it ds ot re-
introdﬁé%‘alihtro&Heﬁﬁilcﬁhéinftdkféﬁs- As such, the exhaust system may

not need a by-pass, but rather may enploy a control

s{98din Eanbodgnamteofghe pissent pfvengomye thefcansol systicorstog¢sher with one

d f d_adj | les. Th .
or mof A lhe R AR SR ESLIRL SR I MG bfern g and provide

energy $HVeEnds heFhe xbias tsySys thgd it lible S3ftwiirk BRdhartiWerenB&dH@ the control
systen? %/0- r%gr?i?o'r and maintain a constant static pressure in the exhaust system by controlling
one or more exhaust system components. The control system may accomplish this by
controlling one or more of: modulation of one or more by-pass dampers; adjustment of the
nozzle outlet area; varying the speed of the fans; staging of fans; and the like. By utilizing and

controlling one or more of these functions, the amount of energy being used may be
-5-



[0037] Preferably, the control systemis self-reliant,
meani ng that the control system need not be tied into
w0 b@oji4rdi ng syst em Preferably, the control BYBUS200$/687572
L,
rmnmhﬂatd% Itbﬂ?&i Fé)'i]g il %H@éﬁﬁab&eﬁ%é{rﬁg% I!E)eglgzgﬁlr%cp&ue to é)ne or more of
stagmg oﬂ farn@I \}alnlagle(speedatnmrr&mﬁﬁﬁn@fﬂmﬁlﬁatﬁfg Hyhpase Xloay stid/gesljustment of
systemto nmaintain systemset point. [0038] FIG 1
Ouﬂet%@}\%s 4¢P exenpl ary bui | di ng exhaust gas fan system for
E’@gf’t ﬁrﬂ%eﬁ’fcﬁta{18@§n@‘g%@_ dr lﬂl‘f@ai%)itu{r QR Rad Qfa Q)@‘faﬁ%%n multiple fan
IG 1, the building exhaust gas™f n system
systenisn wmadbéfsfaemp@ads and a&hsstaibe nttéd norzles mawwoducefandi/beehmlnate the need
bu'I Duri ng operation, n aust is.dra
for s it Y-S cRHAtE PG RED E HEPONPOEGH B B14 ey Wit Although
conveﬂt‘?&ﬁﬁ eilﬁﬁﬁtﬁﬁeﬁﬁ 3 THa08 8ddrOGad bANST tbdetbitutch ¢ Rblatigh,ng
bei ng served thé exhaust gas fan system The
conveetidnal systamsedd mg imedydd the Ferdbinatign andainiegsatiof ob theriahiess control
funCtlfF?Sr exanpl e, each branch serving a different |ocation,
W ng, room |lab, etc. within the building. As the
e3Pt Allsd, Bfradi R titiBy mhh B avdiadidhudt 30ul, sut i ehat at least one

br anches conbi ne into comon branches and eventual |y
exhaugtfpp isgoguradoh ald tistes ( Ais sach drceirhagst sytes maytnoy ﬁRedoﬂJ'&Y pass, but

rather glg)al},:;runﬁlﬁca ic%rﬁ?ovl\ﬁggﬁgg 'ﬂgfilg% 5"8%/ 16%% r?fn %‘Efaée#f ﬂns a&ustable sgeed fans,

and adpusodide omtict hezaless tilcheftatuncstrhey Eronido an dudity andﬁlmt and fine tune the
| enum to nonjtor the ét atic pressure of the exhaust.

eXhaugf)tr?é‘St@%H’éU%?r Yulout the neg g‘érrﬁynwsoper ate to maintain a
CRH‘BVP”Pre%I%BﬂthhB Sﬁ‘t?éir tblﬂ it bar M@g@ﬁlegﬁm thatt Control system

comon header “and pl enum . e system may e one
need not bcrtlccéniuytlpdmsldnhgmpﬂcm Imemtabuf thm: dohEolpﬂyetﬁurns umielallgbwwneamng

that it 9%15,’%%2 E) :5%5'%]016 ﬁietése\émlisft:({] @a@%ﬁ%%lp%g%l&egﬁr%gg cglrltrcglﬁng one or
more &ﬁﬁp&%ﬁ’tﬁ of MRYexhgusP EAVdydReh bhaiR@s §ybféﬁi Rpbie by- pass
npers. Pressure changes in the plenum éﬁor common

d L{E}B)i] c Hlfs.eldshoyvs m@@aemgmnbm}@yg @élag@ 29% nb;ystf:mefor exhausting air
(gas a%% ﬁusr’rées? r e u&le dks hg):\;vgl 1?1 tpe Fléll&i?%t?{h%ug F%F Lem & systern

includds bﬂguﬁffamhbhﬁtté& on the ro®d dfttiad bhlﬁﬁﬂig POuriig ofcPAAB] bfifding exhaust is
shown in FIG 1, one or nore exhaust fans are in fluid

drawndpierihia P)&lﬁlpﬁtdhlcwg Hreued quc o miare prheystdwodslogpted pharious locations
w1th1neﬁ(1£1 ﬁ'ﬁ;o(?mé 9&1?1 &95&'?}2 %ﬁﬁts? gefﬁj ﬁ g%st?i; 0 ggp rgr%%/aﬁlgtn% ctué% may

1nc1udmwpd,\daﬁﬂym£/brmhésr f(frwgaﬂnpleaa(achlb;raﬂchdelaring adiffetdneldcatkean, wing,
e noto z selected.to neet pr irfl
room, L ey w8bsre® Puliile o RSB epar EpeBic 85 paet B0, e

branchct‘)é %Bﬁmne-mt% BRRMSErah @RS aﬁ@é’veﬁhﬁﬁy 016 la YRR duct (also referred to as
Adj ust abl e Speed Drive (ASD). ASD may i1 nclude a

a trunk/dudt ab Fieerp €krelcdninge d(l(V&B)y lm maﬂm@ pmramluelcﬁm@qweh eylenum.

8 Bl B SRR R e ed PR B G o

monit§thé §tati¢ PreSQMElofthS leQRast, tT—heté%ﬁaLfls@ aéjfah\é stérﬁ r@?d opekatd RPmaintain a
fan speed to maintain set point. nrru |pe

constagy sfeEnpressurRindbnheaskr €ys thasanyomheadesandgaleruams Thmv system may
includ? o%g or }Ilgl‘en@}ll Ir)]}ls% Idamggrss’tn?ounPede StotHC %lenurn to allow dilution of the exhaust

with atmospheric air and/or to improve the performance of the exhaust fan(s). Actuators may be
provided for positioning the by-pass dampers. Pressure changes in the plenum (or common duct)

caused by hood demand may be sensed by the static pressure probe and used by the control
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[0041] The exhaust fans may have a side inlet or a
bottominlet. As shown, the exhaust fans include a
whoiwom4rnl et and are nounted on top of the plREUOB20081¢87572
v f R kM R 5 oL ARG oo s
point.cl ose of f deenerglzed fans in a nultlple fan system

This prevents atnpspheric air fromheing drawn in
r WépﬁeAﬁ ﬁE‘b‘t‘ﬁ’@ 1 BlGid- @?Fe?rgm%r@&X? at i dlvid perpgugication with
the plé?lqun lAﬁﬁ ab @ﬂﬁvn RO4Rhu PR3 lﬁ’cﬂe Ofant gﬁsﬁ% hayat elfl&rb%sce)mbly and a
draws the exhaust fromthe p enum an char
motore)Shan:zie fanrtypesamayomzlude | ocad dlgwil owmsﬁlgelamuaf retdnai and the like. The
aust. fap. The outl et. no ncl ude.
motor 35 LA ‘BRI S ERbRETSS SR BBODERBRE T AR ReNser e girticular

exhaubtRyQE@N T8eanaRf fahb gaQulsbehcl BOZA R§Ju§iﬁ¥le@%e&gbﬁ$é €ASBY. The
thé control systemin'response to hHood denand

ASD may mclaxdn as‘éﬁtrlafbtﬂ Sreed mﬂ}’smm @Nalrllalyle Faequieney laam@(VFD)

annul ar i on 0

pressi ket aas P p At g i e GRERR g i pescd by the
contro$ l@ﬁ,@@n kedcatilanshl ©)theBin d¥Bcus edjubiahé RELGEcEloMERARY de€point. In

air to conbine with the exhaust air passi n% out of the
multipi, ) systamedhe epntenl PYierd maxrdyoottagerfersdaordrg 1o mainis system
pressufré ow rate of the discharging exhaust. [0044] Exhaust
systens typically require that the exhaust be
d[(malh}ar ded eﬂlawtfﬁmmeylha\fw Qi inkd ov e bohem bnldict. d‘fxs’lglot)&@l the exhaust

re prope ersion of the _exhaust apd t vent
fans iy bl RADALC 3195‘ %)?H%‘P}glﬁeq 6P Oh el n§hs it fxs Fan may include

an 1soﬂ;hb§ d?ﬁ’ﬁ?ﬂerb qh@qmﬁmnl & Né?h{aIQ bE eaﬂt%lku%% oS haAf & close off de-
e unsig of a fan havi ng outl et nozz?
energuzcrtfaaamea mluttlplf@famsmtymoff hisygreesnits atmgsgheniawstiram bemg drawn in

n effec t ac i gh ffi.cient to neet
reversRURP I udCe Gor el el e RAP S o bt BT R 1° (he
emaupt Opeftibh 4iMhe '&Maﬂ%ﬁfa@(@ ARATABE xR ForA$heplenum and
constant, full volune dispersion. Proper operation of

dischargps t@wéugst infas roaplcdgantadrdosmotibain efitg reéhztuﬁéfanh éﬁhe opdet nozzle
may 1nc?u ¢ an chji]luggaégefcl)eurﬂge? loaztezlleo nﬂ{ O%As'l 1]9 ag}%]l'heace hO\‘:V throg%h area of the outlet

nozzld§ lm@dy lﬁfrtdﬁmedﬂi}etﬂbl Goriteol @?ﬂbﬁl@ﬂi rdspénss t@hocd @UneHsiud (ﬁla@ftam set point.
t he exhaust. The control system nay receive a si.gnal

f HOA3 L h©p&pnalive a prid Bnddi. pr oB0r Maregmnaipr %ﬁCtloliisodlsposed
t | t t .
concelfEI A (b and Wk BY Al A0 R) Al S EIMD g b8 o induce
atmosp]Xfﬁmpiuetp cambélceeith the cabdusasio passmgatut obthunatAs atchéor dilution and/or
a signal to the fan drive to

-pass d er d
increag Eafgftme&ﬁ %@é?jor%% 3ﬁgh%lﬁgeﬁlws Send a signal to the
afhoua} aﬁkﬁaﬁpﬁ{eﬁﬁ thpicAl} 4alird P8t RESkEARMbOdisdHAfed a sufficient

nozzl es. Each "of these control functions may be used
heighti abdv&the bballiyg toenjure prapéralispecoorbointat extmsist and tcmrervtﬂam m-

entrai it oF b S Galo g R RR e s R BE - Seusg hilp Fgigntionat

stackst WhiRH@Re ﬁﬂ%@glﬁl&h@l@fanﬁlﬁ{ﬂi% ohﬂethoQ,@lEs {oPin&RhdeThd PelBXRAGIShe exiting
system per f or mance and ficiency. [0046] Preferably,

exhausthpad pemidoin sfﬁestléwmdgh@gmssuﬁ"énem 0 wgetisirbtz@ deyigngequirements. As
ShOWIIDI%rPfler ETBLH% gXI%.ngt flanB urg eyp ( g%cheafr%édcllfp%vna(f‘a/ as aE & sﬁ%t, full volume

savl ng actrons usSi ng
disperibAl PtoPer operation of the exhaust gas fan system should ensure the there is no exhaust

recirculation.



nunber of fans; operating the fan(s) at m ni num speed;
elimnating and/or mnimzing the use of by-pass; etc.
WO 0®4/8914F1 G 2A shows an exenpl ar y exhaust gasPEENS2008/087572
S [ ntr,
KT BRSO LR SR0 SO LI i e spmon e
and/ogdgnisit abﬂnemwebcdstﬁiﬂid MessuteASDhe exdlastC Oiticroohtrslyssbtem n’hﬁy receive a

i y rmal |y maintain by- p ss danper. 14 cl ose
Slgnalér%ﬁ%g}e\ﬁéa“é EYSgYLe P@E{W rf@8 é Ot 6% W&talgﬁﬁgﬁ?@@ﬂﬁﬁW%ﬁé fystem
pressukd&t %m@ arS ccﬂfﬁ@? stdn® T8 %@'ar&lggﬁﬁto ﬁ%%%ﬁ%b&vﬁeétﬂg actuator

m ni n1reqU|red evel . Control~ system'1
whichmperhil&eb e bggiabsydaprpet;heaycemiarsigiabouhe 8. drﬂ@heo fidijnst the speed of

the farf F]é@]lﬁ?ﬁ% ¢ stﬁnia(/tggge( %ﬁétgﬁe 5 On ?rsszotl) la%gxstbt%ﬁvar ; ab%aftlhe/ 80%%7@ Each of

these @ftoRfmeHSHsURE P §scd rﬁﬁii{'f‘ﬁiuﬂfy, %f]ﬁf ¥R Vb ABRatdhs, to rnalntaln a
reduci ng/elimating the need for by-pass air whi |

substanhiell3f eomsfant séa(tnamgssm@walmn\thﬁ @dmaust dsadgb.and hgn@;equbstantlally constant

f
flow tmnglrlTle% éh CSE ?ang em&i# 28 ?%tm(nze %Ehauﬁg%g gmo é]/grféogfnanche atnﬁ efficiency.

V048p 2rdTtrablyUe fbeesl8ps¥m 18gic & Jck oindizé Htdn érformance and
shown) can be mounted wthin the fan inlet bell, or a

impropg @tzeé@e@f@meﬁﬁx/ BRergy brviRsRcsiAnS My inglpd, feexpmplepgsigy the minimum
nurnbéa%i o?ﬁ gf%etﬁg {aﬁgs) &ﬁg‘ilm HE?I%'?‘? eesh{éﬁgegh& %ng%ﬁgﬁl%@%ng the use of

by-padsi exd. to control system 16, which maintains a constant
alrflom1 rou h the fan. A pressure _transducer 48
(80471 <§ vb*raéls%‘m@ Y SRR Sty TSy au AV GrbeRnitiof system
for coﬁtli‘(ﬁhﬁ% ﬁﬁl‘lt?pl@ Eﬁ?a%k‘trfﬁﬁ dhdtil@uées S ﬁééﬁ%rf'ﬁrhnda‘&cﬁ Hﬁ&tﬁﬁ%eed drives
44 control the openi g and osin t he
(ASDbyTlmmtrdWEm l6Mmey oonna'lbd msl}mmehy-p@ss rdampelph4f albged to conserve
th@ﬁf actuators to n@%g a 8nstan sta i C ressure ‘
energyy; OHCRVIShEOBEPH PN E ?30\81??? f 02915 pIOtaN ESsRhaus
above @h@inimuinigiiadd 186!t TRNtrOHySteR 1 GMa ke Mdudicd daePy &4 the common
systemthat may be used with an exhaust gas fan system

plenutha¥i rTélecfwemotorm,@z%e%ha@sfoefcamsoueﬂeoymangble dtsquinesidrives (VFD’s)
32, 34 l;lg ’fﬁngﬁﬁld Sntle(ley(r% moqtn(s){dﬁraué ar%oun 8# a8 x%% ssatvﬁlrgﬁ §t atic

r éssur e nu
reduc1h@%llﬁ]m(ﬂg tic ﬁd&& f@mi}apb&h afr &ﬂﬁ],e tBthh Q% ctHagstaipedt atloomicOfbove a sct
. the by-passdanpers in FIG 2B, the contro

minimgs disPRapRONAIQRdy (f-8r 399%?&% ol hermingpepshieharge velagty may be
rnanu(ﬁ {Jﬁltthé @’@7 soa dé%m%ef?e I?CRP yt L?b@zgsta@&ﬁ Héttshf)\?ﬂ) can be mounted

temi1s p I'n operati rst ex aust
w1th1nl:1-he $dnaintceti¢lg m)e a @nezedl,etelr Mylbeoh(amtmmdaemﬂet lelens, an d

Hhi\“g—{;ln}\é o'fgﬁﬁs pqer%?ﬁo %(gausﬁ?g ué(i:deto Eq?%&%girfﬁﬂv %rough the duct
work. ofﬂ?:% sdrRBS n‘[%lybebcf"edqg fcoﬁ?ol's?st@rnsl%a{ﬂ/ﬁlclﬁhm%s a’i3Ystant airflow

de-energi zed fan wi Il have'its isolation danmper
throughl tbs &b, AMtehsdrc)tmdemdS((e ge a statioyresbum pdehenmay bt ueer to monitor

t.he hood one, f an b ed b danper
the st proy T S bR o s p R St Ry R SRS and
closmg @Fﬁﬁ%y‘-p’h% 88AFS ThB @oﬁ%%?ﬁémﬂ%%mﬂ@é&e GRUS Bcthd¥6rs Y maintain a
pass danpers to cl ose by- pass danpers approach

constanpstptiepigsurewihiay/the beitdngidugtyptk. ¢l osur e
[0049] FIG. 2B is a flow chart illustrating the logic of an exemplary control system that

may be used with an exhaust gas fan system having one or more exhaust fans. In this
embodiment, the control system monitors the building system static pressure and may control the

number of exhaust fans, the speed of the exhaust fans, and/or the operation of the by-pass
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(or reaches sone other pre-determ ned point), and as
the exhaust load in the building continues to
W0 pwpeee] the control system may increase thePGPESWO®O87572
e
darnpe{‘rE AF Ikllrl n @@2}32{3 {hg%o%tg%%gﬁgﬁggogﬁ%sefo{r Lt?mngtaggydppﬁ% of each
exhaugtrfen.set maxi nmum speed (or reaches sone ot her
a second exhaust fan

pre-det erm ned
eHOSBI 2 thenypg hulfc{mg exXhaugidan syshean srplassd ﬁ%@%ﬁm é§§5t cxhaust fan
may bt? lsf%WeﬁV@ﬂer Ged qﬂ%(ﬂ@cﬂ)ﬁ%@#@b@ &féhﬁﬂsthe faRSoMY fib§ cSBkust fan may

to a m ni fum 'speed -pass danpers nmay open to
be sethbod thiiendgeed el sdtipledamstare Azclttd@d,dhd ethen thns oratyibewdSor in a stand-

vy 2 BISLERSES G, SO SYSLEm Ak o LS b ResE .

low cfed OSHARY) AOH! BE hBb&s, Bhe farlhayChOsidd 8nd ﬁi%%ya@lsﬁ BEMFE A1 e open to
load in'the building continues to increase, the

providsanere @owﬁpéhefﬂnna%,s haed demgrd irigecasgsethd controlirystemrsey eavee the by-
secon haugt s to rOV|de no
pass damp?rs p? gl)(()gg( h%fj %Ty a s epeir%a%)pgr %&Pg R)Sltlrﬁ: §)?>r oa}t full closure
(or red@}&d RMBtBigralbirhakapsias), ttas thaekHa@stdoad inl thvbiiitify continues
bet ween t he exhaust fans 0052] Wth_decreasing
to incrgyset thpcapiielfstermyaaiggioasd the yrecdmf the fisegrdipge fathie provide more
order of the control logic. Referring to FIG 2B, the
"fan speed nay be decreased until the fans reached a
N 095 i mMAS pleefirst Wiahst(fﬁmﬁppi’mmﬂesiﬁmf@as RINgp18ysst mmurnum speed (or
demand, the ntrol emvvoudbelnto en th
reachqg jopg other gre- dsee mﬁ}n oS ORI (HBmp% e enaspiged. ¢ Hith two
exhauEMalﬁ’saiﬁ%plex%nBﬁ”lleéé ﬂb%ﬂlay B qli bl aﬁc@ﬂfc'e&Hﬁgt AR6 b %Fe%gt to a
the control syst emqma de- energi ze one
mmlm‘uansoesd akthe dyakd damnpess meg dpch toTiodd thealeaitddoset pltan‘p e‘ks hood

dematldgc‘é)nflgw ﬁlu}e?geea%%%ﬁ%gcy %81 SY ealgli_%gg lcefu%g ﬂﬁ‘/ hlga[sa Harnpers f‘éo close. As
the bySgdks @8hprs afPr6&htiiR cldlirelafd & aff ARMUALSRE S ab AR Whaust load in
ass danper may be open to increase by-pass flowto
the butlHimgfeanténucagaingreass, tha dontrohsysterhmag orereest theysgeashaf the first and
secon{nﬁaxhaggt f? Stt% \pg(? gmt ar(])}’e ﬁg ts}qg&mee)%{]nzalgigfe exﬁ%ugt ?ag% laJu[e mn operaElon, the
contrdl 8ysterky Pfdf&lias@ftﬁtahé@&ﬁd: padregyifloaner) Betw[e%)ﬁié]exﬁa’ust fans
pr operl controlling the operation of one or nore X
t HWOSB, - &\é SudegaarpeesypeRidemand. thneomntegh syrqmy alasae@ase taﬁ grder of the
contro?gd#étlgé}{eﬁl gqg ﬁ@ 3Ly Sth% fa(ﬁrs E&i Aa u}?ﬁé déc eag&?{?r?tﬁ tMe fans re[ached a
maint'ai n aconstant system ress e an proper contro
minimaint §fcodv mhﬁmmghnmdrdedesmslegsyﬁﬂn sewend bhecaavl ngsen would begin to

oo b el o s ettt (RS
contmﬁ@d"@édrédsﬂl% cﬁmsdh@ ahe cEthA S erh Ay RSenShModebfhEins $hce less flow

B, the exhaust fan i's nounted on top of a plenum
is need'dde TﬂieeMmqnnthWeﬁ)rahﬁ dxtmirgized fanewasi bd dgsedx Haa speed of the
to, cover th

remaifind bl BB YRE R TR TEhaRE, DY e Fifuisee R Gt Wed, the by-

pass d@ﬁl%@ﬂ’ﬁh}y be 8pdhadih@eARE @a@s‘«'ﬂlévﬂo thOPhdsOealy, at ANEMBS the control
shown in FIGs. 3A and % he exhaust fan may incl ude

syseraImAIT RO OGBSI FIESSITe 4 eirea 1 Mot eslepl ey exhaus
systenn égeasl'flot[ fa%abelow rs‘afé%%eg r&ﬂ}% Imsélnps

[0053] By properly controlling the operation of one or more of: the by-pass dampers

flow

position; the fan drive speed; and adjustable nozzle position in order to properly maintain a



mul ti pl e exhaust fans. As shown in FIGs. 4A and 4B,
two exhaust fans are nounted on top of a plenum One
WQ)EOOMWETby pass danpers nmay be provi ded on theCHUSI0081087572
tr
constéfé'}b g!? C%r%gér%%ggél ﬁp“g@r&%ﬁﬁg% %’Sge%?i ecpﬁér}gérgl@e savings in
motorrbmaellﬂbﬁsép{)@érlﬁaﬁbe hipads danper. An isolation danper
rragﬁ’sbe FOVI ded between the plenum and eﬁch exhaust
f

hnFlGQoPatangr Rigiopetn aicrpirs cxhayt g6 T eeioqipcomprising a
smgle%ﬁ?ﬂ&fspfant h& AB&h 3 PRI, O &GCSIB 'thceoéxﬂﬁl%s@ %ﬂ@%ﬁtedﬂﬁemp of a

i sol at1 on danper | nproves system performance
plenumedihe [ptagilmrlevlad¢5| amgnb:u fwirckeinang exXhaoshaoe |Atglsdkaawn damp@ may be

providtgaﬁ%g(g LA Irpqu eX Eggl&ﬂt)ﬁh{ on %EP%CQS A & ﬁ%%ﬁl@&g{ gnozzle and a
outlet €ORAYSAIIY AtBas éﬁ@l}vﬁ%@ FEG4. 3 AU, fith oxdhafiR A maPfElude a wind band.

di sconnéct switch. A nozzle is provide downstTeam of
t HE55hn FK}& Abraad$8 shrw aneaxemptayy oxhamht@aa ifctyategl engnprising

rnultlpef? crenat aust S 4% ! %dnlil | nne ﬁite A{EQIt g eéan a%ls gCI té/unted on top of a

plenulﬁh@m or EIQQ@B} pﬂs%mp%ﬁ rﬁﬁbdbéﬁ’rOSmWoﬁ i ﬁl@ﬁurﬁfuwbypﬂ)e%s damper
exhaust fan enbodi nent conprising three exhaust fans

actuateiyuay bejussd te @9nt€gl the PReEH I of cach By-pérs |dém59r_ péagagn cover may be
e [ I
provi a%)rgaaéc a?s da%lpgy gg q%og%gﬁ?gm@ere?ﬁg\b ﬁ&ﬁ’deﬂi{%ﬁv{eeg the plenum
and ea@fl eglaanht fay - [AalSSOIdlﬁmp@‘Inp@Aactaatbr oay ér umlytokmentmlahe dedation of cach
for each Ss er, An isolation_danper may be :
isolatign grnpdd @@ﬂ%@@ et gﬁwfmf%%rﬁérstslald}?r@%ﬁgiffé‘tbwra%w%prevemmg
I PRET

out51d(l?) %fé?rﬁg{n:l gﬁngg eaclﬁﬁ)lc%g ?g%gﬂ@%ﬁﬁﬁm%@%&% ga(l%r?rétﬂl% eexhaust fan.

eli¥aokt Akahewi ncFl(Eﬁ;e4A ahd ABh thftS?IXh@J,St ﬁanﬁrmcxbude agfladl housing, a motor,

.di sconnect .A noz | ded downstre

and dlécfon&gcg ﬁwftﬁlﬁ (POIZ grl%%rggl ﬁigw\t}ét\lr/%%}ei){;tlh §Aan 0 éncrease%te VG?OClty of the

discha@lbifig Eﬂia%ﬂﬁld% B%&Ee @6&1\16@%1{% ﬁ%ﬂ%lo@n??mﬁ% OA M EptidfaNentrainment
velocity plunme. An optional entrainnment wind band is

wind bgndgs ’slﬁ@shpwmunt ed on each exhaust fan. [0059] In

bg@gqip g%s g% rh%%a heelg llIJI%eul [ )zi? t; f%.lél Stgﬁ]ﬂ)oglment comprising

three &M ifAB Miounddd dn‘i‘tép oft @ldﬁame m@x&tm&am@ pakd daners may be provided
installed (see FIGs. 5A and 5B). The control system

on the| pheyjuEn. nPYT e GBS REVRIST BIRY bﬁd‘ﬁedp‘@rqoéﬁplctﬁF pperayey iggch by-pass
darnp% IAChi P Vtepﬁlag)ﬁgimdgdafﬂls cdch i gzgﬁﬁgwl ey (ﬂg%defr@& may be

is cy el i'ng equenci ng of ans
pr0V1ded$)Hlv&:et1 hiat plahium thécakvabatst faansAhavietisndahpartacabioy may be used

same nunber of hours, of operation. |Inaddition, the
to ConaraﬁfthPQPereygtf%%%CE@%O@@H&@@@@# ncl ude provisions for

ggﬂgﬁf ' ﬁ%aﬁhﬁle@ﬁé‘tﬁpfaﬁﬁ %ﬂgﬁrhtfaﬁ ﬁGuélﬁg %%&opfanél isbotct switch.

ny one fan. [0 is a flow chart
A nozjzllelnukafcbeatrowged h@vmameammf ehcdgfao t@fncmsebhe veloaity of dwetdisgharging
of the exh

exbauR T hlofhie L arieh vieh JEERRL Bl A reERr ey wind band is

also sl?owdﬁbﬁnt@@’@ﬂ@hdﬁ%khaﬁé@@dﬂides a control systemthat
nonitor the building systemstatic pressure and may

cBW8Pb| Iberabesimanis smployinmaultlg exhapgt farsea b@ckpa@@dundant fan may
be utllgzeﬁp il Sc'uchtan em odlrﬁ‘gnlt €at least three exhaust fans will by installed (see FIGs. SA

and 5B). The control system logic may include provisions for periodically cycling which of the
exhaust fans is the backup/redundant fan. This cycling or sequencing of exhaust fans should

ensure that all the exhaust fans have substantially the same number of hours of operation. In
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speed of the exhaust fans, and/or the nunber of
exhaust fans in operation. As shown in FIG 6, the
w@omwwopl47syst em may further include |ogic for BYDUEI9G8/087572
.. e t. in: .
i RN N e RIS 030 s AL D95,
fan in endeadifaiknt of igvomefati.hr ee or nore exhaust fans, the
control system ogicl;: By provi de&lcr:q?}ntrol for operating

oHW6BF FHe GRR tahslugtstige by ogtn daskcpalgry control
systend [ cga‘lh%j&tsei@éﬂcﬁ?%f m&gus@%ﬁsh%srvﬁmg Wbl BYschBed with

cycl éd the control system anong the fans. It is
respecp teeF Y. e thig ¢rabodimentaydhdesgy @agquksysienythaf momitdritihd buifdmssystem

. be varied so that all fans operate a oxi mat e equal :

static PSsRuLe a @@’7 C(?n(tr tl gn%?reqlgrrer(g d%pﬂlglﬁtl%gf%ﬁ i(’}"é’ﬁﬁi 4ﬁ1¥rrp&%e ﬁle variable
speed bPthe@Rh&tE ARG eMdRR FLOfiner b BRhaublaYhdid PerfaBBtNARREoW R FIG. 6,

hel ps to prolong the life of the fans by distributing
the contiel sypremanangyrtheunslude dygiafoyceedingrornaqusacingfof faliaist fans in an

exhau%}?&%g ézlrn sAStregl Sa&inig?rﬁ@lti‘é%#%@é@s% ﬁaglc.t gtgglé%ﬁ;lg %/nébg)%lﬁrﬁf ﬁ%ving three or

more &l dsnsOthelcomtrsiks e 16gRnE, protide exdiad) $or dpRSinA@Ae of the cxhaust
have suppl enental air com n? in. This may be
a.

fans agpg bakpun/ Eduedant fanpylhssxBaust fanisiepiggated awhe redyrant fan may be cycled
| C..Aal fe . ; .
by theﬁc%ﬂﬁ?lgg&gtrgﬁ aan?&{g tlﬁ? ga_% o ;ité? h‘lyegeeﬁﬁ%hﬁtﬁ%gfcg%g@%eg&ﬁg of multiple fans
be varfdevseindt atlifenseogeeats bpfroxamacdyreqel bawk. disonitanprefdried that no fan
.rooftop and hejng. re-entered back into th ui | di ng .
remaig %ﬁoésn eﬁgﬁ‘ngﬁfs@%&ﬁﬁ gy Vit f&‘ﬂ%{f@é?aaf eﬁ@ﬁg PHRYORghe life of
the farlkeHy! iﬁkiﬂuﬁr’i‘%ﬁh@ 'ogé?aﬁﬁ Boty bldiGl &Blte MBI bY £A4r | NG
peri ods of 1ow emangd. I n other words, 1nstead of
s[09il hg Ats llesdriad withvmspeot ta F3GedB avikd, @nt oempraiby-pasp dampers may
fall ck down on t he roqftop, .a by- s danper, may
be emp@yeh G ReHRGS B BUY HETERELRA A SXHHBE BEROFE Lyt em
suppldi@atdTan coRfin@ind THY MhRbE adddghphkidd Ha BY-PasWi€bdify 8 from
bui | di ng, even though the exhaust hoods may be cl osed
atmosplmtictaife Regfeeabdy. t@@g@mtm apemdimiaihertptsuppieteeningd minimum speed
o preyefh AR} BE 48 B R B R Bt o loh R P R0 back imo

the budlp@giiNgkcsAB yapdse altlsérveMc Huiiose BERESInE Go BRI\ MY um at a
t hrough the system and t he @/-fass danpers start
CINAE-f

to
sufficigpigecdocitygluripg Pejoqsafdow ¢ nqtgevordndnsiqadid stovipe the fans
|
down 1 RpOFAELANL KPR A Gl Bl 0 ) LI ER s s o
opencong t@provicenaleup atraghagowtol fsgsiem nvarmaitee asp eedhtainithestatic

adj ustabl e outl et nozzles, with or wthqut by-pass
pressui e Pidine.SaFy otgh ﬁ*epq}hﬁb%éo r%%%@%%?d@ygﬁ@neth system

480k | IRRS bgs. [0063] FIG 7
maybieg ggf ow cﬁgé}?alﬂhﬁﬁfsogrggtti ng gar%%t%%éir)&gnbodi ment of the

cH62bl Asylst lmniding’s exhaubitlogl mcifease, thestxbmst Tb@lscomt opphing. As a

system i ncl udes, Adj ust abl.e, Speed Driye ASD) and
result SRS 36 T CheMiratLan ST A 6 st i an o cose.
Use ofpdsass mefficadi, bt aPRsiBIL (18§ gdiRZAlyaRsirddi®todhimRBe or climinate the
helps to minimze electrical energy consuned by the
use offbargss aihe UASHS repptiob ssiane iichsingoferasmarn of pitaggng ffans, variable
sosa ARFLSGA LR RDREUES, B SR IS Ek ol P9t BE puosc o
enhan&36§steMgReBaaiNCetafd FRATdS YatMsavdngnd.

[0063] FIG. 7 is a flow chart illustrating another embodiment of the control system for
a multiple fan system. The control system includes Adjustable Speed Drives (ASD) and the
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[0064] As shown in FIG 7, the control includes
start/stop logic. At start-up, a first exhaust fan is
wepepgyeet and the control system controls thePE@HNS2008/087572
rj j | ow: ] tral.: e
exhafde Byetcth W P RAFHP AEBllpert B R e B I RPhSuzlcs. Use
of ASDédiriRdo nigiheias esctritdl@nsiggiconsupicads; the &g, The AIS® may receive inputs

xhaust header senses | ow system pressure and f he
from tﬁ% REcpyye %@@%ﬁ@%@n&d@g%ﬂ éséﬁlg% p ngrglogligéﬁ%\l}em thyfns by
' e ce the
op erat?r?r}hg BN Gt & thihiRfns %J%t%d Bg%sgﬁﬂ]téﬁ@&gaystgtﬁgﬁvﬁéa??

reaches a pre- maxi muim spee
i H96dhsiAsghews irel(d dntirdontrblancloddsrstdrt/ sy {amm. niystst-apta first

econd exhaust, fan, The | oad i al.anced tween the
exha {5 51 PEFAREC i e BRTH el F B Grey QUHD HGS YR demand.
the coffrb]%§ st STBMhOBINSBEed 1© ol fRE-sBBMBRLMTHAIdTUAR SRR’ MAS increases,
syst ém demand continues to increase, the contro

the stagig pressprady 1 Herexhsest hevsles proses lowv sybtemtpwesshigrid the canrel system
ma rfsa Did ea%glens LBl S&lt IR 51"1 MUR rea?sd th aIdl 0! tdh
YIReP e PH sYe denind! “the OCont 51 SVE R may st art
a[goesT dop¥bashn fabhes Bigc@afaimymbpetdlaad 660 ihatye@Nsystem
t he energized fans and the fan drives (fan drive 1

demaryda theghontyal systemamayiptass @ sggondeayhiist S Tihs leadels hrlanesdibetween the
enre LR RGO, o5 AL LA BV MR ARG minimum

speed f ansystdhidsmpnd casmunsly ibacisephaicectrdloysttraweaseinciraseythe speed of
f ans installed in the exhaust system_ [0066] As
the twgitgik. dhBedisoahEnt PEsFSCEMEXINBIM §predptnd g %F@Sl}ﬁlﬁwti&@n demand,

the cofl®Sl JORMEHaPstad arﬂ'ﬁijdjé!ﬁﬁﬁ%t i nTheTllasf hﬁg%@%ﬁhc . givéen the

not i'ncluded in the regular contro gic, an
energivghfapa bhd/the Seddmess dfanaimee d e famydrivak famplrival 33 mayttieeset to the pre-set

. .. control stem preferably cycl.es and,sequences the .
minimfighapepd, RYSulan RRaR! foline BHECTPEGUHASHRTG AN g dnay increase the
speed BNEUItRres GRSt aRts Rbédds 1S b PR ARAFHHIWNY cPRUA P S bre8aGhlled in the

of the fans. [0067] FIG 8 is a flow chart

cxhaupt|sysfemr at i ng anot her enbodi ment of the control system

I @i The. odi pent of -k 8_i ncl,udes. Adj ust.abl e
SR8 T FiE TR oI Gk B DS (RBL B B o
redundudit F4il. ZIhGedundamenh Grivanetudet it the reghaushtrsyisRMindlBitgically
enbodi nent does not include by-pass danpers.
used agp GMSERCN Y DIK-Yh A I59- (B seNtEPA RYTEGTS PHRAS AP lyyFles i sequences the

fans tAC 1040 %gchefgzl? fsgyle ?deuh&ein? R aﬁl%] enftite %Hl%‘f‘%tﬂaﬁ}/ tﬁl_eﬁ%fn%g)p%ﬁﬁng hours

ontrol T1ncludes start/stop logic. At sta
for cadh ofsthe &okhaust fan is energized, the fan speed is set

t re-set. m ni mum speed, . and t he adj ustabl e nozzl es
aftgsgbs ?{(i?-_d‘%’é& ‘vaﬁ%@%&“fﬂ“é‘gé‘éf’t A AT PRARF A Rh7BiHghsystem
logic. ?l;] RambeRihediGr ERE. @It aRbfsRBEA RS DPivas SD){%@ ddjuBWble outlet

rough area hel ps to ensure sufficient exhaus
nozzlesdboaptinyizing the/pirtbrmenanafitbé entenst sptemx Adusemboment does not

. control ,system.controls.the position of the adjustab

inctud g iten) £ R mef e BrbauaRe Jarrsomey SpRE KDy enerey

efficich¥iel. €Ak BRYwil BSRICNY, 1Y cofisliiRdudesStadinabp 103iANA@RE4rHap,Qf first exhaust
to adjust the position of the nozzles to increase the

fan is enasgizedatienifgh Saecglas sCFHiP 8 pressamisimum fpaed, 0iddhe adingeljp nozzles are
positi(%)nlrgg _tcg E?V%uasérefs%nmin%%% ftlcpv(\? th%gﬁglflsgrgabl §ettri]19g2&1|e %& ugt%gl%l%o%zles toa
minimum flow through area helps to ensure sufficient exhaust velocity to avoid re-entrainment

of exhaust. The control system controls the position of the adjustable nozzles.
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maxi mum fl ow t hrough area, and with increasing system
demand, the control systemmay control the fan drive
W@ ooperease the speed of the exhaust fan. [ O0BOI/USX08/087572
S [ E f r - .
DR s e SRS ek FL SLFRE SR g bypegding
signale@ b achatsyStadinsiay ppbiaibh oftlreoarnds exhavsdc thaflow Th@ugh arca. This
| oad i s, bal anced betvveel} t he enﬁr gi zed fans and the

resulty igrnereiflpasthiqugh te xheust fah Orehardiveiably npggjeyisadiet Preget
maxinfl}f ﬂB()vechﬁ)Sl%h ! AR, P ﬁﬁ?easiﬁ%% GRS KB ERTRYy RIS thay
set the adjustable nozzles t %ave a mninmmflow
contrd Hrediag Hriee aincic@@70¢ spasd sy ftcemwhaettand | ncr eases, the
copntrol ,system respon adjusting the positio :
SRRERE' ASKBEL T ENG e PhGabe fihaRiangn piicist G~ ran sp. and with
increabi@g Y dtéR dembn AMBAECInt@s P HAD stafer fxbabSthali@Man. A€ load is
he adj ustabl e nozzl es Teach a pre-set maxi num fl ow

t
balanaef betyepien drecencrgiznd fang dndi the fanadsivies (fay drisenl dednfanddrivie’a may be set
o o AN B S LI b oh A B RIS o hc
minim@PRek ekoligh ar@s. many fans as are available in the

exhaust system A redundant fan and cycling/ sequencing .

| B78] may suttes demandh gcirasss, theeontrpl sypics mayregpepddyy adjusting the

s T PAETRA B ARIEL IR, RE) B SORUR: ty g i
exhauktethiv.eOnccliBic aduistable neadbs shepepreast mapamtun dlowdtbrtughlarea, and with

) section. Nozzle sections 18 and 20 be concave
increapigg AyYica demand: g C%ﬁf&?wnb@ag ﬁa@&lnt?%/ B dsives penqate the speed of

the exhARf #hs APhR HPMRss ﬁlgf bORTELEBA BRGE RS FAR R1FE ARiIBRE M the exhaust
| 271 'l 22. The

I ncl ude an inner wa and an outer wa
systeni.nAeedunahit f2n Anhaglihpexqushenp dopt maP abkp b2 imgludkdc, 21d

i OIS 0 B SO s
nozzleTiierhb 19N 6hS, Raed swd A6 N KvdsNesindvey |e§clrpsfha€ei¥352}>1a0§artial conical
C,

the nozzl e sections. Flexible panels 21a, 21D,
sectio.1 oraly sepdions | handiGoay &e cencdr¢ cavane edrdritianand ngydepaced from
onean%trOd or |inkage 23 to change the outlet area of the

oul%elr‘et nozzl e. For exanple, the outlet area is changed

f (0o} hak shdwitlthe n&ld @ctithg 1SamldI2®readli 8rlv@t afrlifper YBI1 21 and an
whi ch i ncreases the exhaust velocit

. 10073
outer well 341 5B BguvRLL 5 HPEble raycibaT gl 416. 7 vbigh are movable abou
an axi? ﬁ%ﬁg%e HEILAL RES (O %Q/Ctgr gp Qfeg&lbfjﬂhg %uﬂetgl%gﬂg.e $nl HOWbIe panels

area during periods system denmand.
form theliinegwpkts ofodsh of thic ez e samidns. | Blssibexjuanist2 1a) 21 biRlc, Béd may

oi ng through the fan(s). a resylt, the adjustable
move fiogsss Vﬁi%ﬁé@ﬁ@%@éﬂ@%ﬁ f%orﬁr%wq%@ figh Bg putlet arca of
the ouﬁgtﬁl&zgl%. @‘6@@5§h§ﬁp1@,'tﬁe Y&l gichYs élﬂtﬁ&&?@@[ﬁtbi@f? 16 €94 W e smaller

ps nmai ntain the m ni mum pre-determ ned di scharge
arca of El@ AR, yhi¢h0ipgethscAthcacijhasdt abloeitput | et nozzl e al so

' ffici ies. F I if th
DI SBrER TRl RS 3m B28 SRR Syl Bimparomanc
by provithhEas®c@tor throihgea B@tﬁri’%:ﬁérﬁfdgf oRIREGRENAIMan¥0 Muring periods
air wll be noving through the outlet nozzle. If the

of lowgigmaagl, leps exhavst eimetge eoieathepugh the fan(s). As a result, the adjustable

nozzles may pinch off (reduce the flow through area) and the exhaust air velocity increases. This
feature helps maintain the minimum pre-determined discharge velocity.
[0074] An adjustable outlet nozzle also provides energy efficiencies. For example, if

the outlet nozzle is a fixed nozzle, as the system demand increases and all other parameters are
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the nozzle is constant, then you are paying for the
velocity pressure - i.e., the extra velocity that is
woeivnegaessary for proper exhaust system perf OPCEOSMO8/087572
cons i ot S50 T RN TRY e TR W or ooy s o
the nokHe m@ﬁustraﬁxj thﬂ:ns?yoh argeayvel foe thewelothty presetucas. amesghn veloc1ty that
consunp 0075] Addi ti opal det ails of the
is not ggﬁem&r @rqp@g s¥hausisysiapy ILVI‘{'?EW tgraativejseution may be to open
up the'd rdﬁl\éfa%leq{&kleE e léﬁmoks%ﬁg)év@ﬂo%%ﬁhﬁ n thO deshbht d?s%ﬁa gézelocny
cenber, 20 2007 and entitled Upb? ast
Thlsr%pwateugywmhmpmmrl able Qutlet Nozzle," whi ch | S

[ Bﬁ’? éfo,ré‘?léﬁlofgle({ galg 0? y ef er ecli?qz:z Sz{s%ezxetﬁgtglla&ﬁ) tfAwgd in U.S.

ProvisotRIPARAYapp REHtoRIS BN SIS N 1f/ 058,6 PNTI&Q] bbdeniRr, Mol 200pa8d entitled
exhaust fan system The control 'sy st em wor Ks to

“Upblasiibxhaish Apharagsatithce Yradde PatlptN Mzée Sybichns medrpaeajed herein by
cont r.ol or nore of: nodul ation of the by-pass
refere%ce 1) 1t|§§nplieﬁ'e flow through area of the outlet nozzle,

t ['(R)76PGEIG of it Bgloex¢raustiudtamiag addtEert dx@mplid €sntedl system for
exhaust fans in operation. As shown in FIG 10, ?]1

controdlig & Bt edipy fevs e sThe ¢ngrobyysteayverkp de H@&Ewn ‘he static
press P ARy PO o AR YL Q01T WS B v
flow thiough arex bétietoutlatmarale, the sperdrafitzeckhand fidseadt the @umber of exhaust

the first exhaust fan jis set a m ni num spe
fans inyppeaationg s %«l%avna% FB@«r 10, the; 99%{0@%%1 HoVidsy %tart%xpﬂoglsvﬁpr cach

exhauSfe B3 S@ BN fants ggellay pass danpers nmay be open and the
adj ust abl e 'nozzlés nmay be set to a mninmum flow

t [ﬂﬂdwb h Warepdhe bmldmg)ckhaemfmdsysm sgses( it beeratoon, p dirst exhaust fan

may bR YR E R TR SRR o of s i R RS St Rnfip BT sk’ "fhe other

fans nfaly @M ordAd sehdifiansdd) aWsth 16WaGktéM deandYhd BY-Psks darnpers may be
continues to increase, the exhaust fan need nore flo

open and th@@djumhie omaleq?&naypbﬁr Sebtqmm@emaﬁdﬂw ¢hropglt ared. 4y b@@dniemand
tlet t th
inrea B SRR B L e FE D b SRR B Botenr Pl -pass dampers

approddh@Wll cRSuiichiad @dhtesdledet candusks et cxhaast @&l iapiy Rakihg continues to
maxi mum fl qw t hrough area and/or are at the maxi nrum
increapq, Hhg MR G Racd norg HwAe nartagapsigd PeréoRRECcE #nd the control

systenp rrgfrag C%iﬁlgt V&ﬁ? Bﬁﬂé}lﬁgﬁzlg t fn@f%%%gﬁg ()vhtﬁro?rlgﬁ' aHbf %@ﬁ?ﬁozzle to

O mai ntarn opt rformeEnce an
provideombre dlows yA4 mmadﬁlytabkermhtlat Iﬁmgh:a hplimadhhaapflamnAﬂiﬁ)Nttlﬂough arca

ncrease the s eed he first exhaust n vi de
and/on s at fip awm{%'%ﬂw wgﬁélr?ai and asghn g ieﬁlagsbl} ﬁ@%ﬁ'&gmg
contmﬁ@sdt/oCiﬁcrb%e afhe X RI&E 58 b SEXNLFOW R?ﬁlgmtzﬁn %? Qldpe% Baksde and the
fan may be started to provide additi onal Wth

controf wzst@x haystnd asignalro dpehattiSbhio ihessscfthospepe IOf ﬂarﬁrmhaust fan to
: ﬁgf?: red and the exhaust fans may be set to a
provi nﬁ‘?r “speed, the by-pass danpers may be open, and

t [vo780 Ustiabligt H@EH FaBYprOLLECINI G iRatd PlelMaximum speed, a
second exhaust fan may be started to provide additional flow. With two exhaust fans in
operation, less flow per fan may be required and the exhaust fans may be set to a minimum
speed, the by-pass dampers may be open, and the adjustable nozzle may be set to a minimum
flow through area. As hood demand continues to increases, the control system may cause the by-

pass dampers to close thus pulling more exhaust from the building. As the by-pass dampers
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fl ow through area. As hood demand continues to
i ncreases, the control system nmay cause the by pass
waelawpess7to cl ose thus pulling m)re exhaust frmTT/UBB)OS/087572
approegswcﬂlﬂ 'cfbg;ure%%i}o gﬁebax Tﬁ?&%s&@%ﬁ 9&5@ l({\l ldllh ‘tgﬁlg{n contlnues
and/or are at full osure e ex aust
to inciche, thord owds edtd auete tontral @yﬁaﬁenayfmijw fHequsiti®n of the outlet
needed and féhe control system rra dj ust t he position

nozzley 1RGEAH Y BEW DRSS AhHIcauis bl icbuP Sggtpach maximum
flow tRol al‘%§ aﬁgﬂ’gr %Ja't‘ﬁlte%pa{x?mgﬂlt 111(27/@ i l §t8a, %Rﬁ LOte t%_xhaust demand in

max l'ow through area an e at the nmaxi num
the buﬂtiimw ct)hnnmwg o Bcesase, drecdexhgust fien eeek ammt: fldertamehintaintdpéimal

continues to increase, the e ust fan n
perforfihes RGN SN L PRSD U PED AP Chr iRCE VS TP e specd of
the exRARE FAk tSYdLRINNGHY 19¢Nd a signal to the fan drive to

i ncrease the speed of the exhaust fans to provide nore

f (A9 [ 6@7@] fissandhwscnd exthaati dansappredcle sdorsare fanpre-set maximum

/or ar e, a el 4 raxi. mym s
spocd R ERNETED oo B Sp RS N 2B R b ooy v
repeatbd @#.as Hamgv fﬂfs%@g sdfyn e rﬁﬁﬁplategdalfsofanawamny fans
are Eresent in the nultiple exhaust fan system [0080]

EM&]wEmbgdmenﬁmftb@mmmlswé}ﬁm ¢lude: 1. single
fan Syﬁhglg‘f s ng@éwﬁan%pf@{e S0 R %ﬂis'th%'ieal%z les;

nozzl es m W t’h b
aflj ust sibple faogrteas withdyAfBEY aridl a@ust@ﬂeencfzalmsysAﬁm with

pass, j ust abl e zzl es, .and. ASD; 4. le fan
gst enwlﬁ% IA@@teHmyltE@yg&é%a diystaly Jnﬁé%lsfb@g %%Pm es: 5.

Sungl esﬁ@e f§1¥§1s€e% With h ASR ma@smsaggma%mggztéag,l . no

-pass; 6. single fan syst
nﬁuz zl esmgla righ mstepawhASDramd adyhsalflanosaysst w’oy\ﬂpasts ASD

d st d bI
ﬁ 'zzlseglg1 lg%a {ans thws‘vﬁ’ts@%otzﬁ B gfpzi‘g‘? ng of
fans, andipwy fa@%%&em%tl@ﬂswtﬁma%lr%q;ﬂthﬁs n6 %?%af‘s] ﬁ‘b adjustable

11); 9. multiple fan systemw th ASD, staging of fans,
and adpessiesbl e nozzl es, no by pass and 10. nultiple

agjn ug%/fcﬁ%lﬁgl 4 otz QSPIA?B Vf%b%%}j] %ﬁ%lng 98 aSn(%1 %yl&aéa% no a gijustable nozzles

[ ncI udgesbI® 159yt of danping to avoid cycli ng Th| s
include a tinme delay, a set paqint having
b%nd oPuHEhEn sypamwigh ASP@ staging @é]fanxfh@d@éimSFa@le Wék’é’rﬁo by-
may be,acselff-reliant or independent system serving
t he ex%aust gas fan systemonly. Alternatively, the
colt r omuktidd Eamn syeymbeith ASBgstagiad off ifants Obyt-peess enidl adjustrble nozzles.
control system Also, the control system may be wired
to the building energency exhaust system and nmay be

URRB1f OTRY BGHAS 8yER Ky include some sort of damping to avoid cycling. This
may include a time delay, a set point having a dead band or range, and the like.

[0082] The control system may be a self-reliant or independent system serving the
exhaust gas fan system only. Alternatively, the control system may be integrated in to the
building control system. Also, the control system may be wired to the building emergency
exhaust system and may be used to evacuate smoke.

[0083] The control system may be housed in an enclosure. Preferably, the location of
the controls is such that they are protected from the weather and accidental knocking, yet is

convenient to access for maintenance and repair. The enclosure may comprise a stand-alone
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[0083] The control system may be housed in an
encl osure. Preferably, the location of the controls is
Waawh/oeRat they are protected fromthe weat her PEItS2008/087572
enclosPis 'S!?c%nat,sadl NEM%CK LRos¥EL ThS CO%QI%}/ g;'}l'te“?ﬁ] Enélc?su?ecﬁlgf Be El%rtmted to the
marnt enance and repair. e encl osure may conprise a
structit afithcgll @nee naltaaately, shuckona®l sysidnMhag be nedogsusited intdiéne control
control system encl osure nay be mpunted to the
enclosyg @t{ﬁnmh@r squ%nb@fetﬁia RYhasptsyptea ife memlﬁet%e PRLFQ)System may be
implo¥Hb@Bh TR IAGRIBRUALE IR /1 QR hio BRERARYAoller, the
of anot her conponent of the exhaust system For
VED, exdathpll&ke t he control system may be inplenented on a

c r.printed cjrcuit bogard.that nma e insert
o8 sk ettt L B s e opRE O Slagre
DiffereitladPandRPLGERY allfhis BNRER. Phe PI®pldgtith BfaySh@REISa §@tode that says
Proportional Integral Differential and répresents a
whateygghesc goodjriam argehcey outphogjatanpiessyrd, hedicadly talanee theggstem out to
; an(ih%ttt%g,[y&atyxch%tseﬁr%ringihg %dcgndir ions are, check out the
Y et e presspu?g, basfica Iytb‘g?ahce the systemout to
t (0088 d THE ethaubadas FirddysenPhes siehRlciatbdlBart 6igH WEH may be delivered
wor k. [0085] The exhaust gas fan system may include a

as a paplag Bet adicgionnsd infapldse oaéhq ipef ale bulding aEikappskegsanay include
. ; | . i

e R S RO, AR BHBRC O R8T Al P Ml notes

adjustaldaperdes, ttanThe muidalas dedgh may akiddy apeedfod exargsle, the

. di.scharge nozzl es, adjustable nozzles, etc. The
mSta”ﬁ%‘HﬁTeB[a%%%‘?t ORar m@&‘d'ﬁ%‘ﬁ/ al low, for exanple, the

i Em)%@j | ghi OOMtF £ RYRGETHNIxh @b st %faﬁ%yﬁ&ﬁ?nfagl% usegcp&gaq%ractical, cost-
The control systemfor exhaust gas’tan systenms nay be

efficiens @dd asergy pffacdnit salbtiore fus applidac penhiavirggbllehen glyatement, re-
.efficient, solytion.for i catjons havi [ lution

entrainfBept 4pd fdo” FUlFY PERISR LT R UEL CEbREY BF OB LREY

constrhétfonS @R F@ofBY STIRMONBY] KBtcHBAR Mhbillt BEYG yRRABIEY 68 LISfor any

_and retrofits. The control system and exhaust gQas
buildisg et famlitsyndbeding & ckemplrnhospurlsdinfignanest ielatipn yooms; clean rooms;

. Lncluding for e le: .hospital s .infirmaries;: -
biomel () MR Blsn @t FiRui Y B sk GERRH B petrogtgmical

facilitlegSRan@icthralpofaili6ied; @Boduphied MRiRIEL WahewRdrardatadnt pines; emergency
) petrochem cal faciljties; mnuf actouri ng facilities; )
diesel gppeefer PEHUStaRY Jyrqther faqifityr s £90% meakeriprt is|dayireg/required.
e n -ai ; . T .
SIS 52 T RALOE ROyl 1 LIED i
exemjl 29 &hibod¥mdnes dfithe pardasiigurasy e ind nad hinkiged threto atd stc tdBeunderstood

in connection with the exenpl ary enbodi nent.s of the
that ogh§1g 4 FeRIBEN' Fay; s e o1 mﬁﬁi%le%rlqnﬁ é‘P%P?aAlﬁ%P gy pgmade to the
describ@l QRLIHMHEHS tf(ﬁ%rfﬁﬁﬁfng@ﬁ@@a&nesfuﬂbﬂi(ﬁf oﬁ@ﬂ%h&ﬁ Menf1&Y whBout

used or nodifications and additions nay be nmade to the
deviatthesberctren. ditisodpneetht prdsomt ipention shawgd hbtebedamecd tornoy ismigle

f the, present invention wthou eviating therefrom .
embodinghi AP i e peCEod i ko EF bt te BEuR fif Foriants and
embodifhcARYHT el @tRADRHICARRy- boAh SR, byt thesehk# a8 @k art without departing

embodi ment's shoul d be construed to i nclude ot her

from the frueppigt arvisceppobthaprsentarvantieni nvent i on, whi ch may
be made by those skilled in the art w thout departing
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fromthe true spirit and scope of the present

invention.Wat is Clained: 1. A control systemfor an
W@ewus9i4c7 wi nd band for use with a gas exhaustPEHNS2088/087572

bypass E@pgr in said wind band; a variable speed fan

drive, sal d control systemcontrolling said drive to

mii nt aArcoatrol dysterniogas acouRaeslind bund fghussaiich avpasctxhaunt fan;

said control system mai ntajning said bypass danper

cl osed?® WS §%Pﬂerd%§gg%ﬁ%‘%i‘n({;s above said mini mum and

ot her wh $&. MEHDY r3:fl,Oypass danper to naintain gas

exhaust above 'said mninmum 2. The controller recited
i n cl asawl torftrad syseem compollisg segd daveiounahiainya ofinivamm gdsl exhaust
peed fans; ;and a common plenum for said fans. 3. The
througi’ogﬂ‘(dr‘?ﬂnawgii'em recited in claim2 further conprising:

a vari ghl ofiRE Sehté A Mot thehs @Ald BRaL Rimpatlhs®l WhéH dald/gas exhaust
of fans, said control systemcontrolling the variable

is abogpzredi mdmimpen frsk otberphscfapening ssidi by pesrdampeplognainiaimgaspbaust above

Saidnﬁlgl?l{urn?.l systemrecited in claim2 wherein at |east
ree fans are on a common plenum and wherein at

| east DAecdllcsreeRal @tdldig BAGthehesprikigal d control | er
mai ntai ns one fan in a standby node. 5. The control

syst enf PBEdlits @f variablaineed fapietdi n said drive is a

vari ab [ . The control system

reci te%g?%&gﬁﬁérﬁn%% l?)alrs%ﬁﬁgarngbonpri sing: an air velocity
sénsor Theicaartodl systen rdedtad in daind? $erivocohptisigg:connect ed

to said control st em whi ch i ntajns.a nstant air

f1ow t AVe @3&?% .Vev%grwaré?éﬂép ral&y@? recited

in claj [ a1l re. :
547 BoiRfE Eﬁt&n %olgtﬁ\gllmﬁ%%ﬂfe V%h@l%lg g%%g%% 't&r dagh faél on said

mai ntail ned wthin sai band ul ating sail
commby pssmdanper. 8. The control systemrecited in claim

1 further c rising: .a,plurality of spac t wnd

ohna sobt FOReT swleh g BLlhdh 2 odheftn SHRGE fyBERhe i common
plenud€4ddvRGeid at RBstARE TaB opdralff hehwaadirdald inf@lier A8nt@i8 one fan

openi ng, and one of nore side walls disposed between

in a staithycerrivect i ng said top end to said bottom end;

5. The control system recited in claim 1 wherein said drive is a variable frequency
drive.
6. The control system recited in claim 1 further comprising:

an air velocity sensor in said wind band,

said sensor being connected to said control system which maintains a constant air
flow through said fan.

7. The control system recited in claim 6 wherein a constant static pressure is
maintained within said wind band by modulating said bypass damper.
8. The control system recited in claim 1 further comprising:

a plurality of spaced apart wind band sections, each wind band section having a
top end defining a top opening, a bottom end defining a bottom opening, and one of more side
walls disposed between and connecting said top end to said bottom end;

said plurality of wind band sections being disposed circumferentially and in
vertical spaced relation over said discharge outlet portion of said gas exhaust device and

extending generally upward therefrom;
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said plurality of wind band sections being di sposed
circunferentially and in vertical spaced relation over
wa@ anod/ogli4gthar ge outl et porti on of said gas exhe€iEUS2008/087572

devi ce ext j r

wher of ABSTCLT AT e BOREHA Rk RS SIHELG Tt irpaer than
diame@i owinikith o@Ba&&ti@bhatrB@ﬁut&t goaivat er or VVI dt h of sal d

discharge outl et portion. 9.. The contrql syste

ot t edF FOTETOARYN' M iR imClain § WHEHN B A banderther comprises;

conpr i
o SFA BLUESHLLLolcRSSRFR RRCAPY QORISR windband an
disposeil ptruurﬁ@reﬁmnallﬁ hbgut a&ud(tjduschalgd oﬂl@@b&;@ew&mtehedzacb Pagsagndraws a

e draws a .fl ow, o

in each ass
ﬂowogr% BPFERIEN G PREE DU gRad A5 W&gdﬁ?a@dm Hyfuce a flow of
env1rol%ﬁféﬁta'l ga§ ﬁ‘&HQl?er@bélelWo QI{IX M drRNARR g,aals RS sdid Qﬁbﬁd?gé' Sutlet portion
below to mx with and dilute gas from sai d di scharge
insidecaid|agouspiortind handisidie sald acoustic wi nd band; and a

g R BB BB PR g ind and

sectioll ElrO@dH Whiek Ra ve‘lédimxmmo ﬂhﬁﬂe%@nﬁaﬁblﬂg exid aBdusg@s from said
fromsaid disc ge out | et portlon and said fl ow of

dischaggnoutishpertioarng syd Semaf enyigonnyeidal opexist. syst em
r ?8' t e?’hé QonQIlo"ills e%n\f@:?treg '119013%?@ v%fere%?}eagch %%ﬁld%gcs[lons further
ur't her conp s one
compﬁsteﬁ ahgbfa Cﬂmdﬁahl shhpe ,stralghwmmil siape @aturﬁémkmﬁlcaashape a square

ﬁare shaq and a rectangul ar shape.
shape, and a rectangular shape.
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