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INTRODUCTION

Currently, national, state and local codes, as well as specific project

20  requirements, dictate the minimum velocity allowed to be discharged out of an
exhaust fan discharge nozzle for a laboratory hood or other (potentially)
contaminated or noxious space. For instance, ANSI Z9.5 (American National
Standard — Laboratory Ventilation) currently specifies a minimum discharge
velocity of 3000 feet per minute at the exit of a lab exhaust nozzle. Even though the

25  discharge of the nozzle has to remain at or above this specified velocity, there is still
a need to vary the exhaust volume of the air in the laboratory space, depending on
the configuration of the laboratory exhaust system, supply air to the space, the need
to ventilate multiple hoods or spaces, etc. Balanced against this exhaust velocity
requirement is the additional need to reduce energy consumed by the exhaust fan

30  system (i.e., lower fan flow rates correspond to lower fan horsepower and reduced

electrical energy consumption).



30system (i.e., lower fan flow rates correspond to | ower fan horsepower and
reduced el ectrical energy consunption). Mai nt ai ning a

m ni nrum ewbaost178832z| e di scharge vel ocity hel ps i nsure ®afrasdiizperiss on of
hazar dous, noxi ous or odiferous exhaust, prevents exhaust stack "down wash"
and m nimzes the re-entrainnent of exhaust effluent into the building or
surroundi ng bui | di ng' s Maindainipgai minimymlexhayss neapte dipghargsrvedesitypelpshi s has 5
been done with_either.c ta . i.ahl ume
exhaust syst cete A SEORUE e bR oieRo S Wi lr FROLO Sl ™S

bei ng drawn f gk doenasHPhRDmEfiaiLs Aicretdhtrainglent bfexhaist whlueht intotheur n,
mai nt ai ns constant fl ow thr.ough, t.he exhaust fan and fan discharge. This
t echni que useRUiKIIRATCHHIIR]ip Building sipaksaiprRirntake sysiqmasn tHigtoriclyy, i has

Vari abl | T L] ' deck
arl able vo U%%B%éra% g{ﬁg ee%bxl do%@taﬂ%pcﬁﬁxﬁis@kléa)\(%tgsggtt%@% SatReY olbhAE kRkt dec

or froma duc envi ronnent . l'ow requi renents reduce
t he bypass ai systhaispeonsaansolurit Xysigmamantpiab cangam tvohimeusfabristing daed ai r
with the reduced exhaust so that ‘tqhe ai rrfflo ,Cﬁ_lhrough t he exhaust fan
remi ns const PR theprcapied SRess andthiopeh therfem Ml triath. MAtEigs FRsHnA AW

constant air yoliiBhe &Q%Mq?lil R FaANi RASEEY TRRMEDMAR] R uSes BRbA mitiﬁ?dt he fan

is running at a fbconstant ow rate to maintain constant exhaust fan
di schar ge vel @cid mainBiheorstant ainyobure. t Yariabkd Yojume sy stamswilize dypassair speeds

to maintajn constant, airfl ow.volu Any, | ower i of. fan speed t o yeduce
fan 1 ow 1t SRPTtReds MAT He rnmt e Hugle PRcl heriyertt A rehfish t hat
has a fixed opbh@bquifcRRntsGONERRSbfass AFU&hPG PR UEiking AR el a@ibunt of
consunption in exhaust systens have led to the re-eval uation of

cont i nuous| y Rerouditipheraiv withithensdugedrexganst sothnt thefarflew Hravginbaexhaysiexhaust
systems, al SopNoNid Sond PR i RASAG VAN LttdnARioned i o fAfhcdlf Sbfifart©
ing uced tan energy consunption, X

reduce fan flow, résuU inre an exhaust

system wi t h aaif vlatheah®@feveuhb €in drergyl @vinpshek realduellf asi the faads eanhingd f@har ge
vel ocity and possibility of exhaust stack "do wash" and the_re-

25ent r ai nhent cyptaak Hawdate &e maiEdn copgtent ﬁék@sh}ggéiilstﬁ?rﬁ? yrlecity, sEpust fags

appl ying a vagj : I {bdds ] Surf&| Ap@rea of
the fan, the %‘jie(’s%%%garl e é)??%éd\%%ﬁ%g@t%#%h% t? ealhg%l%{ C%gsﬁﬁggﬁ?é‘gﬁd}ol | ed Iell

varyi ng fan alowering of &repeadith educestpr 8dw. in Rummedges e fara¢xhaosteutlsipeeds
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conjunction wth™an exhaust fan (upblast, high plunme, radial, axial,
i nduced f2@®w, varying ventilation requirements for containment in exhaust systems, also known as
"demand-based ventilation".
With the desire to reduce fan flow, resulting in reduced fan energy
consumption, an exhaust system with a fixed area outlet nozzle would result in
reduced discharge velocity and possibility of exhaust stack "down wash" and the re-
25  entrainment of exhaust effluent into make up air intake systems. By applying a
variable nozzle that has the ability to adjust the exit area of the fan, the discharge
exit velocity of the air can be controlled at varying fan airflow rates and fan speeds.

Running fans at lower speeds greatly reduces the power consumption associated

with the fan.

30 SUMMARY
The technology described herein includes systems, equipment, and
controls that control a variable cross-sectional outlet area nozzle that is used in

conjunction with an exhaust fan (upblast, high plume, radial, axial, induced flow,
2



2 etc.). The system conponents include, in one enbodi nent, a variable
speed exhaust fan, a variable cross-sectional outlet area nozzle, a
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outl et nozzle includes: an exhaust riser defining a first _cross-sectional
area; a pl ur alepstyn part ga @stgnal sent from the sensor. In an embodiment of the exhaust
system, the sensor includes a pressure sensor located in the duct; the at least one fan
includes a variable speed fan; and the control system modulates a speed of the
variable speed fan based at least in part on a signal sent from the sensor to the
30  control system. In another embodiment of exhaust system, the sensor includes a
velocity sensor located proximate the outlet nozzle; and the control system
modulates the cross-sectional outlet area of the outlet nozzle based at least in part on

a signal sent from the sensor to the control system. In yet another embodiment of

the exhaust system, the control system: varies a speed of the fan based on a static
3



10positionable within the exhaust riser, wherein a position of the danper
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syst em i ncl udiipghodidedstem iHbIGHIng ORNREStRle h hidvend AinledBAd aoutlet; a duct
20  fluidicly connected to the fan inlet; an outlet nozzle having a variable cross-sectional
outlet area, the outlet nozzle fluidicly connected to the fan outlet; and a controller for
() at least one of (i) energizing the fan based on a static pressure sensed in the duct
and (ii) modulating a fan speed based solely on a static pressure sensed in the duct,
and (b) for controlling the cross-sectional area of the outlet nozzle based solely on
25  an exhaust air velocity proximate the nozzle. In an embodiment, the variable-
volume exhaust air moving system further includes a selectively-operable bypass
damper, and wherein the controller operates the bypass damper when the cross-
sectional outlet area of the outlet nozzle is at a minimum outlet area. In another
aspect, the variable-volume exhaust air moving system further includes a
30 selectively-operable bypass damper, and wherein the controller opérates the bypass
damper based on at least one of an override condition, a low air flow condition, and
a failure condition.
In another aspect, the technology relates to an exhaust fan system

including: a fan; a fan outlet nozzle; a movable damper located in the nozzle; and a
4



outl et nozzle including a variable cross-sectional area, the nethod
including the steps of: (a) at |east one of: energizing the fan based on a
static prwexorei7samsed in 10 the duct; and controlling a&cramsepeedsbased
solely on a static pressure sensed in the duct; and (b) varying the
cross-sectional area of the outlet nozzle based solely on an exhaust air
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system ¢ andarotatigh%ﬁ eeﬁ%f%‘é’fa%B are front and side views, respectively,
of another fan system of & vari abl e- vol ume exhaust system

FI GS. 4A-4D are top andnsindéevaspest, e technalognintlates toosmetod of oorttollong 4 et
area nozzle. 25F] GS. . 4E and 4F are .perspective and expl oded rspective
U ows, r espectirpbieyolime st HrE BRYIBESERY il TUPHE! BT GS M
FIGS. 5A and RfdeféyzREhSRERI a4 Rriable cRosBlsOctRMaPAES FIRCkthBd YiciMing the
respectively, of another variable cross-sectional outlet area nozzle.
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of FI GS. d.5B in a clqsed positi.Qn, . FLGS, F are

ol de and Dop 0F dike: it Bplefia 97 Sic e solels pagstete B reSmBRiA 257
an open posi tdeR-and (b) varying the drbésSectiéaabmda oFihehuilet izzR®azddsoldly bh &5. SA
and 5B nounted on an exhaust system F|IGS. 51-5L show the nozzle of FICS.

5A and 5B wi texhayst girtvelogiy ipyaximate the nozzle.

BRIEF DESCRIPTION OF THE DRAWINGS
15 There are shown in the drawings, embodiments which are presently
preferred, it being understood, however, that the technology is not limited to the
precise arrangements and instrumentalities shown.
FIG. 1 is a schematic diagram of a variable-volume exhaust system.
FIGS. 2A and 2B are front and side views, respectively, of a fan
20  system for a variable-volume exhaust system.
FIGS. 3A and 3B are front and side views, respectively, of another
fan system for a variable-volume exhaust system.
FIGS. 4A-4D are top and side views of a variable cross-sectional
outlet area nozzle.
25 FIGS. 4E and 4F are perspective and exploded perspective views,
respectively, of a variable cross-sectional outlet area nozzle.
FIGS. 5A and 5B are perspective and exploded perspective views,
respectively, of another variable cross-sectional outlet area nozzle.
FIGS. 5C and 5D are side and top views, respectively, showing the
30 nozzle of FIGS. 5A and 5B in a closed position.
FIGS. 5E and 5F are side and top views, respectively, showing the
nozzle of FIGS. 5A and 5B in an open position.
FIGS. 5G and 5H show the nozzle of FIGS. 5A and 5B mounted on

an exhaust system.



rotary actuator connected to the danper with pivotal |inkage nenbers. FIGS.
5M 5P show the nozzle of FIGS. 5A and 5B with a |linear actuator. 5FIGS.

6A- 6D ar ewDapi12z11e84gi de vi ews of anot her vari abl e cross- pegaiscanaliicut | et
area nozzl e. FIGS. 7A and 7B are top and side vi evvs of anot her
vari abl e cross-sectional outlet area nozz FI GS. 8A and
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per spective view of theFigs a0 5Pishéw @ nd2Aledf GIGS. iicephd:SB véthnelifead of

controlling a vari abl e-vol une exhaust DETAI LED DESCRI PTI ON
FIG 1 depict®¥W@echemati c di agram of a vari abl e-vol ume exhaust system 100.

The systerg 100 exhaust spiid. ¢ALOFANSpIhd TRE iR GRothLvarkab R G&sl ¥

sectional outlet area nozzle.
FIGS. 7A and 7B are top and side views of another variable cross-
sectional outlet area nozzle.
FIGS. 8A and 8B are front and side views, respectively, of another
10  fan system for a variable-volume exhaust system.

FIGS. 8C-8E are perspective and side views of the nozzle of FIGS.

8A and 8B.
FIG. 8F is an exploded perspective view of the nozzle of FIGS. 8A
and 8B.
15 FIG. 9 depicts a method of controlling a variable-volume exhaust
system.

DETAILED DESCRIPTION
FIG. 1 depicts a schematic diagram of a variable-volume exhaust

system 100. The system 100 exhausts air from one or more spaces 102, typically

20  fume hoods used in laboratory environments, although other spaces are
contemplated, as described below. A valve, damper, or other flow-preventing
apparatus 104 is located at an outlet of each space 102, thereby selectively
preventing flow when desired. Each damper 104 is connected to a duct 106, which
may be in a header or other configuration. Located in the duct 106 is at least one

25  static pressure sensor monitor 108. Additional static pressure sensors 108a may be
installed elsewhere in the duct 106 for a number of purposes including, but not
limited, to redundancy of sensors, averaging of values, or integrity monitoring. The
duct 106 is connected to a fan system 110 that includes a fan 112, an outlet nozzle
114 connected to the fan outlet and a bypass damper 116 and bypass air plenum 118.

30  The variable-volume exhaust system 100 is monitored and controlled by a controller
120 that receives and processes signals sent from the various sensors, dampers, and
other components, as well as sends control signals to such components. A variable

frequency drive 122 in communication with the controller 120 controls the speed of
6
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such as an ai fhlow) BhnPhASRSUAS pRGNROF1 ST RO ohBSAHRH: B TR & dBigut | et

nozzle 114 to ect air I'tions. A and 2B depict a fan
system 110 t hgh. TRhibeaseittht vartabld frequeney datd E22visimnuntedxh shesfan dipstingn  As

descri bed briefly ahave, the fan m 100 includes fan 11 an outl et
nozzl e 114 cO%Q%Z@@Htlf’%?lltyh@eﬁaﬂtr%@{ﬁég %&?Sé’l Wﬁglggg &Wpr@?m%i%pré’ﬁﬁgﬁflpass

air plenum 11g, f%n{'l #i?i An 8&@&%%@2&%@@&&%% thy &80 8 Liilizdd@ The lidhgithi S

case, the variable frequency drive 2 I's nounted to the fan housi ng 15200.

Addi ti onal | y, Lty monfficénteo retioe theytudhiboche the exiraugt aivedtingrthedaedl2,

proximat e prior to entry into the nozzle 114. The duct 106 may enter the bypass air plenum

118 from below, as depicted, or from the side, through an opening in the bypass

20  plenum 118. The bypass plenum 118 also includes a hood 204 for drawing in
bypass air without the introduction of rain, snow, or other moisture, and may include
a screen and/or filter to prevent intrusion of debris into the plenum 118. The bypass
damper 116 is selectively operable as described below. Of course, the bypass
plenum 118 and damper 116 need not be utilized, but the advantages to those

25  components are described below. Additionally, the bypass plenum 118 need not be
a component separate from the duct 106 connected to an inlet of the fan 112, but
instead may be a length of ductwork onto which the bypass damper 116 and hood
204 are installed. A flow monitoring system, such as a non-invasive flow
monitoring system can be installed at the inlet 206 to the fan 112. One such flow

30  monitoring system, which accurately assesses flow output by evaluating the pressure
drop across the outlet is the type used in Vektor SureAire™ products sold by
Greenheck Fan Corporation of Schofield, Wisconsin. Another representative flow

measurement system is described in U.S. Patent No. 5,586,861, the disclosure of

which is hereby incorporated by reference herein in its entirety.
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the fan 112. An outlet collar 202 having a length L may al so be utilized.

The length L may be sufficient to reduce the turbul ence of the exhaust air
exiting twe2mn7isy2, prior to entry into the nozzl e 114PCThS2000811396 may
enter the bypass air plenum 118 from bel ow, as depicted, or fromthe side,
t hrough an opening in the bypass 20 pl enum 118. The bypass pl enum 118 al so

i ncl udes a hood 204 forFl§iSadArandi3iB W%O@cremqugmt dfladfan psteselie®a on of
rain, snow, OZIF‘Ot he

LSsture scr nd/ der to
brevent i r erghREpe BREELR f yeds Bl P e TR0 S Bl 16 s
sel ectively operad £radfal gescinhhed abatighle ihuarydsee 12heThypads2pl enum 118
and danper 116 need not be utilized, but the advantages to those

25conponent s ¥t@bledEauenadinivel 134, matnti qangalen gnd ether JmPesEntyMAYBH 118 need
not be a %onpﬁgtgp dr?ﬁ’ @1218%60 oF pﬁi‘eF %lﬁ)pg#l%ﬁaétﬁreé tﬁ%ﬁ”ﬁl‘?ectth@g thEi"i’ﬁl:ﬁft H%}ﬁ&te&’ fthe

fan 112, but 1ns ctwork” onto ass
danper 11_6 anig HIGSd2B%daBemay$>bathdtaitbdoﬁa‘ﬂooﬁ\BOﬁ;maQTech‘@1®ypem}I¢uss,Lmh as a

non-i nvasi ve f|ow nonit r| ng yst em can i nst aI .inlet 206 to
the fan 112. ‘@\1@ Pith “f BWSSG crgm ti8e; lﬁglb“g?’gtaetﬁ‘ﬂ’a Weéig’rsé’?%%e ssesses
flow out put b%&oﬁﬂﬁalté‘é%fd@@nl& &Hé %51%5 ?‘BQHu&%Q%%n{ 118 iRelidrpateds)ldAfrd ype

used in Vektor SureAirelM ucts sold by G eenheck Fan Corporat’ion of
Schofi el d, Wthe(bypass pleAnot HeSa froerpbdewnwatlsv]etlm dampazdd Da Esrrmﬂmosgdst emis

descri be Pat ent No SC sure of i ch i,S hereby

i ncor por a Oed WWF"E}*@FE’%@S H&P@V‘r’nﬂ%ﬁ ij%h et?rF ?%q ?ra A 3B depi ct
anot her enbodjFRR: cOhfigurhhs Sieh %mh%%é)éeskﬂﬁéd dBWe bRe le'éﬂtérhﬁl%féd' The fan

vari abl e-vol une exhaust system This fan system 110a i ncl udes a radial fan

112a and a vatiZaigudetissquessted tolpn vutlatzpllariig, whichid, 2 furg genngbied t6 prquency

drive 122, not cont I d ot ofponent,s 5installed on a
skid 300 or o?lﬁée;tn Lﬂa (saqhﬁ?g I%?Z?]%a}tﬁ F? gﬁﬁ(gﬁ%ﬁ?ry%}i%t ed in
FIGS. 2A and &Bss- muomoumataeéeﬂcﬁdh@ﬁbﬁlerpm mmw of ni¥ekdhmheat pent house,

or ot her £ace eéilypass pl enum 118a, including a bypass dapper 116 is
mount ed proxi seEbed bslers Arflaw moniteHag ﬂasrpnmz@h aSTHROTHIVASIYDBOWr om t he

nceri or SPAcEhRNo I Skan OE.NRRIRR) BIHILIGAR hd A BGE e Afh ol at on

danper 119a i's posi et ween pass enum 1 and the fan
112a. Ot her alternativeFHi#Aa4D ddpich®p wdrsfdegainfves; ofeneriablechosassettimms ke

descri bed above, are cont he fan. 112a o tlet is, conn to an
outl et coll arO‘ﬁb"EareWﬁ‘P 3@6) gh&‘ﬂ?ﬁ Vé%%féf;’é&mc %enéﬁlfeldéplcﬁ@?ﬁE!@Ma
The outlet nozgls 1xss DAsaA m&ﬂﬁaltﬁ@hﬁfe A0 in MY, Rnitdieh &oesSeaeedli onal
outl et area of the nozzle 114a unber of mechani sns are 15 descri bed

bel ow. A 20 ovamspositen; GG y4€ end 4Bulshicatheamonda 400 irms begend,Imarimum cross-

sectional area position. This nozzle 400 includes a tapered portion 402 connected to
an outlet of a fan 112, and a stack portion 404. A damper 406 having a curvature
substantially similar to the curvature of the stack outlet is located in the stack 404,
and includes, in this embodiment, two translating deflectors 408 connected with a

25  sliding joint 410. An actuator 412 is installed on an outer surface of the stack 404
and is connected to the lower deflector 408 at a pivot 414 or other connection. Upon
activation, the actuator 412 rotates the pivot bar 414, which forces the deflector 408
to pitch, such that the upper end of the upper deflector 408 moves closer to a fixed
end 416a of the substantially oval discharge outlet 416. A slot 418 and a projection

30 420 ensure alignment of the upper deflector 408 and, as the upper deflector 408
moves closer to the fixed end 416a, the two deflectors 408 translate relative to each
other, with the sliding joint 410 ensuring a proper connection between the two

deflectors 408. As the deflectors 408 move closer to the fixed end 416a, the



nmoni toring system (described above) is installed at the inlet 206 to the
fan 112. FI GS. 4A-4D depict top and side views of a variable
Cross-secwpanel17684ttl et area nozzl e 400. Additional vi ewecofustéize4anbodi nent
are depicted in FIGS. 4G 4K. FIGS. 4A and 4B depict the nozzle 400 in a
first, mninmmcross-sectional 20 area position; FIGS. 4C and 4D depict the
nozzl e 400 i ndischsrgsondet brgringsimors dsxilasér shapaalActation pbdetacwator #h2 1 nozzl e
400 i ncl udes t apered. partion 40 onnect o.an.outlet.of a fan 112, and
2 stack porti s oG Arkin e SOMRES 8 [P Qb i ol 1y it ar

to the curvature of theFIEIRQK ;adUFelke p&speraad atll éxpldded psispedtivé ewsand
i ncludes, in this enbodinment, two translating deflectors 408 connected with

a 25sliding jissRectivelp, ofhe peazlrat UWr Agpan, ithe norzleA00dnclydesdppessst 412 %@r face of
the stack sA0%@an%oshorfific Ehiflof eldiRriiChs Al homk AbnaffsAbg anpineot 414 or

ot her connection. Ugon activation, the actuator 4 rotates the pivot bar

414, which fovass térmedidd eements 408 ntag beinaiufacsuredtct shaet métel arpplear tygred of

t he upper defl ector 4&8 n&,ves cl] oser (io a} fi.xed, en 416a1 of, the, .

subst ant i al | yfdyaifril dawadige o g dasiraq epplicalipn, Staipéess gelang csplighon 30 420

ensure alignm cpgtreh?fﬁ %&Hﬁ% mqgfbh SddOfor AOSIQNha@sing AR foRPESTeifel ect or 408
X

noves closer to the f end 416a, the t wo def.l ectors 4Q8 transl ate
rel ati ve to eaofroomkets, The varieusgoiats maynbe jodiedtwitt e snsneactiogelamgnis g2

connecti on, between,the t def |, ect.ors, 4 As the. .defl.ect or. 08 nove
closer to heéefpﬂé‘aeddore'ﬁay Egglﬁ, efi'hgomtsgpglgﬁgf é‘éadSGerg@ ‘,’B@’cﬁ?ﬁ@g glﬁ?lgntéi\{? cul ar
in shape. ActpatdfleaRhipd SrnhigeteIatiey, hichepretsutd ir. OPIISS YEind 4Fegdol fopick gt Ur ns
the deflectors 408 to %he ori gi nal 05|Ft)|on. FIGS. 4E and 4F are

perspective amimestof ovadtipgbraplkass #24tonvkink therastigtns 14l @nd othgr camppongptsz| e

Each of t neschBuPEFaied 8 i aE e EOGF, TR e AR AR R B VEP R O™

connection el g@iibisoracat AB44. e s¢pnd hewahtor Bcke 434iealay e tuadd torsuppdresn t ype of
materi al, depending on the desired application. Stainless steel and even

hi gh- i npkct ernosiigiend ¢ the pivetbardy 4pid thespivotrbsr 4 b gxierds thsengh theisagreai r from
corrosive envgtg&n nts. The various joints nay be joined with the
connection elenments 422 10 depicted or nmay be wel ded. Joints should be nmade
airtight with sealing eFER5ASSF depictepeesypectieadndpapvided perpactivo wietwg of

hi gh-pressure air. FIGS 4E and 4F al so depi ct a . nunber unt i.

brackets 424 R ieH’rli’SS‘ﬁ%enéE?% X?r&?rbl%‘fﬁsséﬁﬁg?)‘?% é’Pﬂ%dWﬁ%ﬁ e ﬁ{)s &rﬁ%gepdgg% ecur ed.
In the depi ct gy &ITRRA iABRHes én%t%uﬁhgrso%&i ISR CHRRGtibO cRnfehfsS04act uat or
bracket 424a. A second actuator brackel 424b may be used to support an

150pposi t20 enthabsectieshphowsings¥)2, thbagh iwelded sophegdonsyapy dlsd bersadhddiet hr ough
the entire st r?gzléleéla)lb' includes a positionable damper 506 that is installed within the nozzle
housing 502. The damper 506 is moved by an actuator 507 (e.g., a rotary actuator)
from a minimum position (with the damper closest to a fixed portion 510a of the
opening 510 as shown at FIGS. 5C and 5D) to a maximum position (as depicted in
25  FIG. 5A and FIGS. 5E and 5F). The damper 506 has a concave curvature 509 that
faces toward the fixed portion 510a of the opening 510. When the damper 506 is in
the maximum position, the opening 510 has an elongate configuration with parallel,
opposite sides 511 that extend between concave ends. A pivot axis 513 for the
damper 506 is located adjacent a lower end of the outer housing 502. A flexible flap
30 515 (see FIG. 5C) can extend between a lower end of the damper 506 and the outer
housing 502 to prevent exhaust from bypassing the opening 510. Other
configurations of the damper 506, collar 508, and housing 502 are contemplated.

The nozzle 500 also includes an actuator mounting bracket 512 that is, in this case,



FI GS. 5A-5F depict perspective and expl oded perspective views of another
enbodi nent of a variable cross-sectional outlet nozzle 500. The depicted
enbodi mrenwoiouresag an out er housi ng 502 and vari ous coROEaiS2@n/oeiiggrent s
504 20 that secure the housing 502, though wel ded connections may al so be
used. The nozzle 500 includes a positionable danmper 506 that is installed
wi thin the nopstelediraxinmge the Zanppied Wathsaythe demper 3GveH By MK B uat or 507
(e.g., a rotary..act rg,f 1: itq (with the danper cl osest
to a fixed popr }tlg)%ogﬁ)g' %‘? Pﬁ@@%@ﬁ%@g}f@&g@bg own at FIGS. 5C and 5D) to
a maxi mum posi tion (as HS. sGeadisH sHowHhGnozde 800mbouSd abthe disdhdigg endThe
danper 506 has a concave curvature 509 that faces towar%ﬁt he % ed portion
RPFA) @Qa

510a of the Rfehe pansieystomer HEs. %%@?BS@@G%S_II'% how P sition,
the opening 5e:]q8u}{§>g§“§&1 £ DRBALSe QagéstbﬂﬁAﬁﬁFbe&ownghh@%ﬁéér%b@. PROJSHAtE Si des

511 that éxte ween concave en pivot axi's 5 or the danper 506
is |located adjadmtludeslacomry édriek §¥1 ddnecwerd ®rthédarspeard06® . pivotfinkadebl e 1 ap

30 515 (see FIG  5C) ca t between a | ower end of .the.da r 506 and
Che out or - houBrA3%: BIGK SrP BN e tssReer i B Y 810,

Qt her confi gusakifgNg o Ping e d SRR 806 Blee Bld AlixiREh tralideBOtobRO2 are
contenpl ated. The nozzle 500 also includes an actuator nounting bracket 512
that is, in tfhiwasagesition aad telmigimumstiansiessetdiesschgpiienal 806 ajgacrosttioa. danper
506 is in the,maxi num.position of FlIG BA . [l j :

cont enpl ;']toed.ﬂow Monitoring Syﬁgﬁ%}l&%?f %ﬂ%"&ylasslh%b@nghné&ﬁgotz@%g§%%?(rireosﬁrr% % at

t he di schar gexRe) 9instdiRdexhruslet ®ythé g al. FI GS. 2A and 2B. FIGS. 51-5L
show t he nozzl e 500 5 e‘gjlg?il£ped with an alternative act l]{gtor 5Q07a faqr noving
t he danper 506. The act 0500 slepigtiondad sile Vv §f aapihresbadipgiifidt ed to

the danper 5O%r{%}\élegﬂ-rﬁfﬁtsekﬁ&lﬁﬁgﬁléfmgg%éfgg?. FIE$-6 oMa6B dhaY thdgonR7 21 €

500 equi pped I 'near actuator novi ng the danper 506 between
t he maxi num t 6GEMia\EfSE nihidssn swes-satiohdl aveagrosaioppBIGS. 6€ @ndd depictithe num
transverse cross-sectional flow area position., A 10 fl ow.onitori system
such as al honb9Z&leL00VE arspeRndn Ky ﬁ%%‘?%cltl‘gﬁﬁ‘l(aﬁeé’sl?ﬂs}t’l?&d 58%5?6 {5@69

installed at Vénggltdbg% g%r}_leter}ér?lyé %g%%%? I (%ﬂar housing 602 arfd iSmoufiftd @Bbwepfat top

and side vie i ment a varl abl e cross-sectional outlet
area nozzl e 60I2. HeGHzzBAOAnncl6Rsaqsitionstie daoper 6046100 nay be thovestby ari ni num
cross-sectional, ar positiqn; FIGS. 6 6D depict ,the 15 nozzl.e.800 in
a second, max “ﬁliﬁg]egﬁ@%@é@ﬁﬁ%ﬁ%?gﬁ?tg’é&z)@gcswlbwpe Inkas BOGR S Hilldes a
general 'y Squaﬁ@n&mermt@ragybﬁfheh@uﬁkmgwed Réteini ForBxtM e crBQY thoze f an 112.
The nozzl e 600 includes a positionable danper 604 that may be noved by a
| i nkage 606 cleadewtwsintay bensedtoasiust a pogtiomphibe demperstQds As thr ligkage Q) be

d with this nozzle 600 £ deni j
oxaml e, one BYORarLatr e (B o Rl AL ERARRE G AE WRlowile (o

danper 604. Agxédgositidikelge, o ardaiof tHesopehigdbd Oplecretifdd. Orlmmnazzioshapesyn
| ocated proxinmate the actuator 608 toward a fixed position 610a, the area
of the openi nePTEEDIalOBs.&HG 8L confarlatadzz| e shapes, configurations, etc. are

contenpl ated. FIGS. 7A E}ﬁé’s.?ﬁ\ gePis e i9tpcoﬁ'3ﬂd §i:d€l%ie\6\.}s%n9tilellaé?ﬁédﬁﬁrﬁent

enbodi nent 25o0f a varia cross-sectional outlet area nozzle 700. The
upper hal 15 of of@cdridblegeross-sectional outlet area nozzle 700. The upper half of each figure

depicts the nozzle 700 in a closed or minimum area position; the lower half of each
figure depicts the nozzle 700 in an open or maximum area position. The dimensions
depicted in FIG. 7A and 7B are for illustrative purposes only. Embodiments having
other dimensions are also contemplated. The nozzle 700 includes a number of

30  overlapping blades 702 that may be moved so as to reduce or increase the area of the
outlet 704. Each blade 702 is connected to an actuator 706 supported by an
operating ring or collar 708 or other structural member. In one embodiment, the
actuator 706 may be a cam or other structure that translates a rotational movement

into a linear movement. One or more motors (not shown) rotate or otherwise move
10



depicts the nozzle 700 in a closed or mninmum area position; the |ower half
of each figure depicts the nozzle 700 in an open or maxi nmum area position.
The di nerwpanr/dagascted in FIG 7A and 7B are for il | ustcatise@2puriposes
only. Enbodi nents having other dinensions are also contenplated. The nozzle

700 includes a nunber of 30 overl ap&éng bl ades 702 t hat rr;a;ébe noved so as
to reduce or theastuzige 0Rsoas éaredpcs the atpgrof die oudlet (Hac];hed?l 799 gan kave

or otner st reeiar Sphfiuhth GUERah bEhOK oF Bp B LR E) A Bl B T2

cam or ot her &hbdcidimtedHah flekibhstahesion) nettidsed raflexrvarapeh position a | i near
novenent. One or nore notors (not, shown) rotate qQr otherw se npve {he
actuators 706WBde H tlerdes aen marcypsicht dhan 8%6 cRbegatprshorauet FIRS. G anbdB 702

can have 3 1! gith BaP re@htrl this? Badstncthas aGRkiR B TRASy Ale GBI A0 GlPflea OF

ot her elastlc mat e nounted via a e connection) are
bi ased to fl eBy taatarg th@edsilamdﬁBluhelacmbtersé70t6rfercblt]anjldadﬂrte ﬂnfmraaiialbfri ght than

t he confi guratl on,_shown at d. 7B 5such that t exhaust
passage has a"Wadi%d ‘{tﬂ%rsl?ﬁé? §’édsctﬁg§ Y DGERSIgh eaé’i“éﬁ‘to é‘{‘ ng t he

col lar 708, t&&r&ﬁh%%@&a&s@&@e ER5 &L ctibral Q{&Qﬁ%é&nfrbleé&hﬁﬁ’s@bé‘ésbge dmm@r dly
about their base ends thereby increasing the anount of overlap and

decreasi ng t hwzzieakdG8r 34 and 6B§h9‘@dh¢ novale lara@@nﬁgurah@n whererthg creschaust
passage f t he

wher e t he %or o¥§H° Orfégrgﬁtofhﬁaqengé eéiﬂﬁlfszp?ﬁga% et a(ﬁ}s g ef)ngbs) §§%éﬁ5?§ ration

reduced. |n odth@rachizkas 5wt luidEdREs @@,L@wmaucsulcmyda@m‘cldauakspainlws (e.g.,
pneumati c or hydraulic collars) can _be used to selectively radially

constri ct theuﬁd&d%ﬂseqwehyéé@}égy eonstriqt fhesklades do padysethed@np sl Cre§sea” of t he
nozzl e. For ﬁﬁ@Aa?areag?ph%sz Fof e sﬂ%ﬂ &g&g{ %ﬁ%ﬂﬂﬁﬂc&/@xﬁaﬁ@&% the
e defl at e

cross-sectional area e nozzl e and ‘cdn to I ncrease
15cr oss- sect i edade the emsohectibaalrmpezdfahe hovzit ard canbb defland tdinoreasesthe a ¢l anp

such as a strap clanp can be used s an.ac uato O course, S nozzle
700 may bl i ngPstiesiond a{eﬁé’%é‘%erf&zz 02% F'élz é?@‘b‘?re mﬁ’btévaedalppé%cr}' R and 8B

depi ot T ront ang Hiflecd B\ed heARRALALE! off bRl Aok A PR @

vari abl e- vol une ust system n genera an system of 20
8A-8B is sim éﬁhebmethmzleardepycsadeibndepl cted in FIGS. 2A and 2B, ut| I i Zi ng

the same type of fan, varlalle I GI4enSad i sa VWY RES R4 él?,” oo More

fan system for a variable-volume exhaust system. In general, the fan system of

20  FIGS. 8A-8B is similar to the fan system depicted in FIGS. 2A and 2B, utilizing the
same type of fan, variable frequency drive, and bypass plenum 118. More
specifically, the fan system 110 of FIGS. 8A and 8B includes fan 112, an outlet
nozzle 814 connected to the fan outlet and a bypass damper 116 and bypass air
plenum 118. In this embodiment, the fan 112 is an axial fan. In this case, the

25  variable frequency drive 122 is mounted to the fan housing 200. Additionally, the
controller 120 may also be secured to or mounted proximate the fan 112. An outlet
collar 202 having a length L may also be utilized. The length L may be sufficient to
reduce the turbulence of the exhaust air exiting the fan 112, prior to entry into the
nozzle 814. The duct 106 may enter the bypass air plenum 118 from below, as

30  depicted, or from the side, through an opening in the bypass plenum 118. The
bypass plenum 118 also includes a hood 204 for drawing in bypass air without the
introduction of rain, snow, or other moisture, and may include a screen and/or filter
to prevent intrusion of debris into the plenum 118. The bypass damper 116 is

selectively operable as described below. Of course, the bypass plenum 118 and
11



specifically, the fan system 110 of FIGS. 8A and 8B includes fan 112, an
outl et nozzle 814 connected to the fan outlet and a bypass danper 116 and
bypass aiwopbermrss4118. In this enbodi ment, the fan 112 ipsTars2@zioai13$ an. | n
this case, the 25variable frequency drive 122 is nmounted to the fan housing
200. Additionally, the controller 120 may_ al so be secured to or nounted
proxi mat e t helafmper 1hneedmopbe nélizedobyidhe adyanigacs taghese|camgerents #ay al so be
utilized. The

I t.h f LCi f th
exhaust a1 QeFETRY belel P AaBBoBily, e S Bhes ier B M delifiol B DUORRGERET L 1C
duct 106 may sepirete fidne tHeyduas B0GdgnnpdteditonanlihBet bf tenfirel ybutinstdd oiepbeted, or
fromthe side, through an opening in_ the a I Th
bl enum 118 allseEth AL NRIEGTOTOHHSORS Pupssardirirg 1B BRb LOAHE THAIBur t he
i ntroductison o Eﬂg(&ﬁrhgnitcﬁ‘ﬂl%}’gxstgﬁl QbdRets arT'g)'gﬁBWsﬁ{e RV TR oML ydtteh Ganer een

and/or filter prevent trusion of bris into the plenum 118. The
bypass danperindtafied = tiseeinéet 20§ & thedipet Bb| Exeamplaw Slom meuitdsgigomwd OF cour se,

t he bypass plenum 118 and 11 %?Zﬁlil 173844PCT/ US2012/ 041138 danper 116
need not be UPFISHEEEFNL pstensate WEAGHESA™Y St 0 t hose conponents are descri bed

bel ow. Additionally, thedyyBasst Rle§REpdikR A8 arle AW the BHFROBIANYS separ at e
fromthe duct 106 connected to an inlet of the fan 112, but instead nay be

a length of dEl€iISv8Alandr8Bo KiK. 8F it mectpipdedvichaahibe noade it RopaozzleBl4r e

installed.. 5 A fl.ow nonitqf. syst en uch .as_a nan- LHhvas fl ow

noni t or i 21(9 sy Qe P AR Y Bg?tlI%HOSé&qeﬁé’niarﬂaélP%QB% P ggrt e':‘ﬁglr? 112.

Exenpl ary f o ¥RbnbI0ddIRHSENEHINBAS tHeWBRENtRYIS rédtEn gl £ o'Felﬁng bh lecboatonve.

FI GS. 8C-8E are perspective and side views of the nozzle 814 of FlI § 8A
4

and 8B. FI G @fhe bousmng309 todkairopnd audet coar H@Aepistagin FIGReShang BB-
101 nel udes a (43! B BRAsEDAolS ARYSHORFRIBBOB ib bRASHRA af B AT 802

The transiti ohal ¢ connects e su antially rectangul ar openi ng
on the bott omdfar LOEhAdnsVingaBPany aothsectiaustdpout $ie¢. Tied hawsing0acludgsi ct ed in

FIGS. 8A and 8B. O, course, the transitional,kK collar. allows th ousi ng 800
to be conkect e pertigns ¥t andrend portgns 396 that ot W@St\PW‘LaUXIdFﬁmﬁﬁﬁ cﬁﬁpggréglsegti on

shape of i 2 el BEAIOHRI A JAGLIIRR AEBHARURGND LapRrBRrare aRbrpart | ons

806 that at |east partia defining a discharge area 804a. The side
portions 804 adteatcro80Bgin the depictdmpmhadinsentghe petvatorsrid8anayks iastalled

within a void 804b formed in the side portions 804, thus protecting the actuators 808
from environmental conditions or tampering. The end portions 806 of the housing

20  are bowed outward, thus defining a separation 806a between the side portion 806
and a rear face of the blades 810. The separation 806a allows the blades 810 to shed
water, snow, ice, leaves, or other large or heavy debris that may collect in the
discharge area 804a. One or more struts 812 may support the housing 800
proximate the end portions 806.

25 Returning to FIG. 8D, specifically, the blades 810 and actuators 808
are depicted. The actuators 808 are connected to the controller, described in more
detail herein, and move the blades 810 toward or away from each other as dictated
by the controller. In the depicted embodiment, the actuators 808 are rotary actuators
that pivot each blade 810 at a pivot bar 816 located near the proximal end of the

30 blade 810. In other embodiments, different types and numbers of actuators may be .
used. For example, linear actuators, or a combination of linear and rotary actuators
may be used. Alternatively, a single actuator may be used to control both blades. In
another embodiment, one or more secondary actuators may be installed (typically on

the opposite end of the pivot bar from the primary actuator) and may be configured
12



actuators 808. In the depicted enbodi nent, the actuators 808 may be
installed within a void 804b fornmed in the side portions 804, thus

prot ecti ngotzhe/@st4mat ors 808 from environnmental conditi eag/useo2amass i ng.
The end portions 806 of the housing 20 are bowed outward, thus defining a
separation 806a between the side portion 806 and a rear face of the bl ades
810. The sepapaperare t8Obadalf tbevprimbey dsteatersaids OTheodisthlepbrijen effthe blada810 ce,

| eaves, or ot.her |arge .or heawy debris that .ma Llect in .t i gchar ge
area 804a. O‘}ﬁc‘brrve‘io‘%ﬂcgfl‘f‘lm Eedé‘iezn%%/a”gu\ﬁgr(ﬂl?n %{Wgﬁﬁ%hr%l?rﬂ‘é&@%ﬁ %‘9’0% tlrir%t e the
end portions RBfiedlRRIdikhantNGhe IO fortiDf 5o BlidE 8L (dpyroxitigtelyl taderhir8sl0 and
actuators 808 are depicted. The actuators 808 are connected to the

control | er, dbelengtheaf thblage 810ds straightewhilathegpperangehird defines dcareiiet owar d
or away fr.omeach .ot her i | er i,cf ed
enbodi ms\nl5 , t(ﬁt e%ttélf‘%%%@rf%ﬁ?g@ﬁ%fgye%g %Sr%/rpg?:@%gb%?ég ’ ?ﬁgutdi% l@%fesglgégrﬁl ade
810 at a pi vairaht o8d@vedslahgthelreatird lorgthr dxteralin @nbodifents,chd Outybtadeo310.

I n ot her enbodi nents, different types and nu rs of actuators may be used.

For exanpl e, the hisde maya teagimertiably deting ApRRRPIGMBF- | i near and rotary
actuators may be used. gy e, r'ts\éé’r;%%glloa 990 ngﬁer ML R{abEo1RRe BRIBRst O

control both bl ades. |n "anot nent, one or nore secondary actuators
may be i nst aldys@ny t Pz methbd 9ohincheleop frosipeed adjdstmentt sequapice 800dxend dnr om t he
/ 012/041138 to

rimary actuato and .may be configured._ . 2012/ 173844P 2
gper at)é tife b‘?"é\%gaalieF adipsment ?FQPWCQ%QET Syith egpn .to%kﬁetga'ﬂi?%ete RAUNSTRS™En of the
bl ade 810 i s GHMRE WA 3siAG] fsrid GidpR: i@@éts;@zgggiecqlpwhﬁ Bperdiddafd SO

inmproves air fllow. I'n the depicted enbodi nent, l'ower portion of the
bl ade 810 (appmowllentBliystativopressurais deteeminsd yishcabdulatipas bf agieal gasting isech

straight, while the upper one-third defines a Y re. her—pl ade
confi gurat i onéhatathﬁ?aéﬂgﬁﬁlé? t%wllg%lﬂttg%?r&etcgﬁxﬁlaflﬁ %ﬁ%‘é tﬁ? g%(%ég%hg lSgsgrje
strai ght or cueyRécphlfde iheite fantill audepabaihtinaRiihgioperaibodThedics, t he
curvature of the blade may at |east partially define a parabglic shape.
FIG 9 delifi ctsatic presstiss 905edP0Hpeanstar Fere semersapitin tha vt dHefu S syst em
The net hod 900 i1 ' . i n 10
outl ot area abCRgEp e dr AP Bt A R OIS RER e R0

adj ust nent segieie: @O dacisiae hedeairat statip presaue.eTheache] ng@red yipiical | y
by an operator at a controller, This static pre re is determned via
cal cul ati ons BESSiEq igdhen osanagry QUehSe AREC Pf?ég".frﬁﬁaﬁy%t t%p%rg{ogle 'IAFI?"HP% t he
correct exha%&odfda%ega&ezhf%saeatgéine&asiﬁglsﬁﬁb%résaﬁeﬁmkldgctm.swwe t hat

the fan will attenpt to maintalin during operation. The duct 15static
pressure 2(s spresete B@énes manenegative). éllegmessurs twinsdiicar ¢dremenikatesthiduct . As

Geser 1D, 200k b AP SRR e 9l RS BEt POl o0
t”ﬁgs ggﬁ f' r 3 |t flteirh% V%i;igl?lg lfnl:gauélﬁytdpi@@ tS RN B sh&dldTeheSah nfht@tg08. [ aR&uaRved06 at
embodiments, where multiple fans are used, the controller may energize one or more
fans as required in an effort to maintain the static pressure.
25 The reduction in fan speed results in a decrease in exhaust air
velocity and, in turn, a decrease in duct static pressure (i.e., static pressure becomes
less negative). Alternatively, as fume hood dampers open, this creates decreasing
static pressure in the duct work (i.e., the pressure becomes less negative). The
pressure transducer communicates this change of pressure to the controller. The
30  controller responds by communicating to the variable frequency drive to increase the
speed of the fan motor 910. Alternatively or additionally, if the fan is exhaust fan is
not energized when the static pressure is sensed, the fan may be energized. The

increase in fan speed results in an increase in exhaust air velocity and, in turn, an

increase in duct static pressure (i.e., static pressure becomes more negative). The
13



hood danpers close, this creates increasing static pressure in the duct
(i.e., the 20 pressure becones nore negative). The pressure transducer
comuni caveoiMi7ss4ehange of pressure to the controll er. pPCnaScanisaBs er
responds by communicating to the variable frequency drive to reduce the
speed of the fan nmotor 908. In alternative enbodi ments, where nultiple fans
are used, thefaneptadoidjustmendyeaueneg?Gla deperibed ahoyeois usgdsexgisivelytiorcentroln an

effort to maiptain the .static pressure.,, 25TFhe r ction in fan speed
Fesal ts i n a BELPEweRt v Horkeli B Bar et ARG MuhertRall8Ease i n
duct static pgEmséseribéd Balows t Mbledver, @Rsfih SpdedGOemerolles Basae galkiyus) the
Al ternatively, as fume hood danpers open, this creates decreasing static

pressure in tHeigRressuioyersediinghe dychdn geeosdance widdbertay speadsadiusiaetitve) . The

pressure tgan [ gﬂﬁg;g t i r : ol ler.
The 30 const ro g‘?&F espon gh ﬁb% Sg rfcrtl%gé\slsfggp @Eg%h%[l%tﬁgﬁgrg#g%%gaﬁélg'qat%é;%(g:é/ drive
to increase tédmtapdeddof the fan notor 910. Alternatively or additionally,

if the fan is exhaust fan is not enerqgi zed when t static.pressure is

sensed, the fan may be F grizdgres b‘%f‘ﬂ%‘}téa%l@nﬁl&foé’nhﬁﬁére%‘?w&%ﬁ‘ts in an

increase in exbausdd ﬁ'zrvié/ﬁ]le%htmva%m,ﬂdvmn{oﬁﬁaping'ﬂgysteﬂ%ﬁﬁ_ﬁrlﬁhe {1hlé'{l!ﬁtthe'3t atic
e

pressure (i.e., static pressure becones nore negative). 3 fan speed
adj ust nent sefpuewbieh $0Sat thetbe comsedlenbdheflpw-medthrimgsysien et the conteadler tfol  t he

fan speed (i.e., .iL operates independent of_ .th utl et are L ust ment
sequencedlé)OObs,lg%%ﬁfPﬁnt}EﬁmBﬁ%%g S)%gepé%r\?é?r}t ‘Pr?gﬁ?( ﬁ}?reg By ?agcu?%ht %l ed
based sol el y @hahfiQirSledddity bRSRISHIE RokLipI&le, digdritBmdéiCdtheri etBédz0Rdance wi t h
the fan speed adjustnent 5sequence. Other simlar sequences faor other

exhaust syst esxampld.ithriedengni vetesityinay hereleaiehbased on the output from thet he
outl et area adjustnent .s en LFaflowdes fI. \ 912
via the non-i Wi %ria\?lg af‘|‘%§ﬁ’3r%“ﬁf5 ?So?“?%gdn%@%t% %%Of/\}hte rt;?%ln I;f ﬁlee aH] eg &%,1(} g#{%lggf an,

whi ch is sentsipgaltidi@ect@Ring®14 cthe cdfteolfer Givet dBRhES Micthysthe outl@rardah the
controller if 10signals fromthe nonitoring systemare sent directl

thereto) Hay redzkumay be rducashkigudt saithe caatigllpt spdpases gy Alcbarrapkihgp %/abl e,
al gor 't hm O vAHRR ndfBART0 rlafiail® UGN dillBaRERIREy Bhd/oV ELRC UivhRY De

cal cul at ed base e ‘out pu romthe sensor an’ i nst ant aneous
rotational spplatedfeighteOhaparticiilat hdvaatage véthediiscjosee agbteng redatgsial the s

decreasing 914, the confroller first t erm nes, whet her .t he outl.et area of
the 15nozzl e ﬁ%“‘?f@h%?i{fi?égy@?’féflamf’ers ,Orfﬁaén}réSﬁf f I}Oégleﬂ%%fﬁh%guqlﬁlémbut | et

area of the vatd gbl gndeRHIE10IGudeFurtRirN R icBnRolf? Bpérdthe BYfsdddESer\vRbOCi ty
and/ or a safe discharge plune height. One particular advantage of the

di scl osed(ysThinatletvattesystomtthdefcanicelisasia traditisinal vesiablgiodemelaxhpest, For
erample: || RSB R Gy DAt U S PGB Rl fisir
increases the outlet area of the variable nozzle to maintain a constant discharge
velocity and/or a safe discharge plume height. The outlet area adjustment sequence
900b operates independent of the fan speed adjustment sequence 900a and is used
25  exclusively to vary the cross-sectional area of the outlet nozzle, based on exhaust air
velocity proximate the nozzle. Moreover, the cross-sectional area of the outlet
nozzle is based solely on the exhaust air velocity proximate the nozzle, in
accordance with the outlet area adjustment sequence.
Another advantage of the bypass damper is that its position may also
30  be adjusted based on an emergency or need condition. If at any point during
operation, should the nozzle, the controller, airflow monitoring system, or other
component fail, the bypass damper can be used to control the system as a traditional
variable volume exhaust system. In addition to this failure condition, the bypass

damper may also be adjusted based on a manual override or other low air flow
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20This allows the systemto be controlled as a traditional variable volune
exhaust system Returning to step 914, if the air velocity reading is

i ncreasi ngo 20tre178sat rol | er increases the outl et area of PChaSe@rioatiBe nozzl e
to maintain a constant di scharge velocity and/or a safe discharge plune

hei ght. The outlet area adjustnment sequence 900b operates independent of
the fan speecoaditiost delditiocneliuievtils the B spael adjusiment spaesnet Befaandyhe o vary

the cross-sectionpal ar.ea of the ou t nozzl hase n. e '

vel ocity pr ox(?%{]%re? Pi‘i'u G0t EAUTHSE ?@%?ﬁ eﬁg?dgrsgggqng}gfg }noﬁr(l%ﬁéi gﬁneegﬁo:) t he
outl et nozzl &(ostHRasRAuERSHY0L00RaP ¥PatRtindipendeakl9CintpdradleDXn¥atle t he

nozzl e, in accordance with the outlet area adjustnment sequence. Another

gdvagt age of namileboperstingiseqpences.dhe farspeadsadipsiment seaueage A)0aanBOreBEN ij ust ed
ased on an epergen it s SR _
g nosg% %?l affer Qyeneed q??&(iié%s% ??facr)l V\S/E)%é:ﬁq 1intasg%f)ls lggk,ﬂ;ﬁo %ﬁ&ﬁ&lﬁgﬁi‘ﬂ%’; i on,

should th e controlTer, system or

conponent f aidutlet &rea byjnstaRentisupeice ©a0b fteristeps 218, 620itand 1922 bee Ryfotmed,as a
traditional variable volunme exhaust system . I.n addi tlgig to this failure

y
condi tion, t HE® BSAYER% Whkpeay Trayn & %aslb‘_é‘n_&&}rﬂgYVé’él_Stﬁ_ﬁ on a manual
override or other |ow ad){heglé%wlﬁ]cét'orﬁqe%etdﬁ%?atidﬁgﬁhét'hg@ﬁllelc)bnteYi‘mla{t@d.tﬂ% fan

speed adj ust ment sequence a and the outlet area adjustnent sequence 900b
are depi ct ed ®atubatmay byused taadd oglemone fane dra@d Operathersen molipdntaes 900a,

900b may gperate in endent]y, in | Lel .. In. such parallel operating
sequencesl?) t SR gﬁg‘e‘ﬁ 88 {?)s/rf’%ﬁtgg%%bgﬂﬁ thrggfia ﬁeﬁ&}ff%‘?raﬁrﬁlﬁ 8 egggﬁezﬁ 904
after a decreqgin® od AL LR HRIRfind RAuSRBE o, RtamaRs FHR8 MBEPle fisthaydlky, in
the outl et area adjustnment sequence 900b, after steps 918, 920, and 922 are

per f or rre(cji_, ! hles Segpdemcs Oﬁﬁmbef’m})d techanges i duelasiatia igssaferin conuBEtioR Wi 912
er t to. t ' I hod. .
TP B, 2 BT EO AL SO STRL Ak T

controller na‘{f"rﬁ nove fans 0 I'ti ple fan

10systens. ThiclitichallfiAe td sutisHiht eir Stiabidy yd Staiisprelsuedghuiserhans- | ag program
to equalize run time on all fans including redundant (i.e., stand-by) fans.
r

Mul ti pl e ¥ansIngeepsiag setiperossurgarysHowriaet o beglereastaird a6 reRAYRIdE™n duct
static press S ferdtibnt8 LRS! oW i&lQonjunction with the variable nozzles. The

controller also may incorporate sequences to report information such as fan flow or
static pressure to a building automation system via control communication protocol.
Additionally, although exhaust air velocity is monitored so as to control the area of
20 the outlet nozzle, other system parameters may be monitors, for example volumetric
flow rates (cubic feet/minute, liters/minute, etc.). Additionally, air velocity need not
be measured directly. For example, a parameter from one or more sensors indicative
of air velocity instead may be utilized.
The embodiment depicted in FIG. 1 describes a laboratory/fume hood
25  exhaust system, but the technology disclosed herein is equally applicable to
exhausting air from other spaces, including restrooms, gymnasiums, kitchens,
isolation rooms, etc., or any other spaces where specific exhaust settings are required
or desired. For example, the technology described above may be utilized in a
restroom exhaust system, where multiple restrooms are connected to a single rooftop
30  fan, but where exhaust air is not required at all times. In such a case, the variable
speed fan may vary air flow as each restroom is occupied/unoccupied, a condition
that may be determined based on the position of a light switch, an occupancy sensor,
etc. In another embodiment, the static pressure in the duct system may be changed

as a remote exhaust fan specific to the particular space (i.e., a fume hood exhaust fan
15



vari abl e position danpers. For exanple, decreasing static pressure nmay
require additional fans to satisfy the air velocity and static pressure
requi r emewo012115384acr easi ng stati c pressure nmay all ow f ao3/useo1m41138
de-energi zed and renoved from operation to decrease airflow in conjunction
with the variable nozzles. The controller also may incorporate sequences to
report i nfor ratairesirooucexhaustifam is Eesagiged e derenergized sdpen seasiag B ghangeiy

21t hough oxhiik i o BRR. i of SRR FBhR Bl B ATy ol RGN

al t hough exha VAL ore as'totc area of 20

the outl et namahe, Noh-RBkioty Siaees Willzpethe fariabiy-vbmneaxhiugst Systdnodeseribapl e
volunetric flow rates (cubic feet/mnute, liters/mnute,

.etc.).
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par anmet er fr om0 L gkl i fheakfi: vel ocity instead may
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hood 25exhaust system Other tdidigueationobOfys, diusts) mrzekts e diypass slamgeralatey
applicable to exhausting air from other spac%s i ncl.udi ng restroons

gymasi uns, Kontamalated.i Bon exemple. Ashtiem fa way bg locaied inag ar@gg{?gg re
specific exh | : i : i r l e, the

t echnol ogy dggéﬁ%géﬁ%?fﬁ yg[1 eléut'gl?lﬁim eé(t#ﬁ)%g{a‘ra%lg?gﬁod%@g@gust system
wher e nul ti pl &ddigstalkyotis bypassclampecieyl b¢ installsd agbesidaalfle dista®0¢ fmam theit wher e

exhaust air is nqt required at all tines. | uch case, .t var.i apl e
speed fa Orrayfsa%fﬁ?’ gioﬁg]? ftdg\?y;@e ‘ZeégﬁblF éqsﬁar"(%ﬁ? g%paé%@meéd?%%g@ﬁ%@a{% a
condi tion t hahe ERYfoPSertRE &0t O dndd 38R Fre@sbnk NRepATicks SN codffigaratib@iithe swWi t ch,
an occupancy sensor, etc. |n another enbodiment, the static pressure in the
duct system rieyiobedarhpergeuitlas, sensermasie, dosprapstherein, nogd onkyike fludlyhe

particul ar space (i.e. fu . - ¥ o r restroom exhaust
fan) is energﬁo%%&%qtodgr_%H%r%q?ezﬁégﬁqﬂg)éﬁr%g@%&aﬁgn g& é‘hg‘ﬁéf%l ‘in duct static

pressure, the fan speedTlidyyehizeizbcrited hereiremapylsopenadewits midisdei bed above.
Non- noxi ous spaces utilizing the variabl e-yol une exhaust system descri bed
herein tyldi catanytapiorigiable §osqddangioangipiainsdichifatic PrepsiEs feiqé"é?mﬁ%té“of ngly,
the outlet 5 i giem {ﬁ'fs%% : t kdd zed.
Q her confi gﬁérrg??dg]%ﬁﬁeg?ggﬁg%ﬁduct gﬁa 0zz gg,ﬁ&gﬁwgg\é’;ﬁgg@ggg%fg? gs %Hragé§
cont enpl at ed. bdeomeexamitdunacepisd emsutiaan examile Acwastent specdafas epyrbet e
mechani cal room and mat){l di scharge air to a, buil dihn eﬁt erior via a | onger
duct run. Ad?SFPAHES D ong O BIREG SRACES pereCthibadsé iu?gsa[s Fi"¥8"a consi der abl e
di stance fromddsidRhaeubRd&bondiiBRY Gk dstodki¥d Re HBEbE aRtEzddddanessibdte
bypass danper installed proximate the fan for service, control, and other
reasons. Regasaiisds snapftainahict saticpriessure. tAdditamallyythe danpde-yolume gxbpust

sensors, etc., described herein eed only be fluidly connected to, or
otherwi se in #}18[?%&&’5%@ VE Y Osﬁetuﬁ,eé Y%‘éﬁfegﬁ _chang%s {1 QUCF StaffE presiure

due to the state of one or more filters located in an exhaust system. As filters entrain

more debris, the associated fan may increase its speed to maintain desired exhaust
volumes from a space.

25 The variable-volume exhaust system described above may be sold as
a kit, either in a single package or in multiple packages. A kit may include a fan, a
variable outlet area nozzle, a variable frequency drive, a controller, a bypass damper,
sensors, etc. In other embodiments, the kit may include a variable outlet area
nozzle, a controller, a fan, and a bypass damper. In other embodiments, the

30 controller and sensors may be sold in the kit. Other components desired or required
for operation of the system may be supplied separately. Each component of the kit
includes a plurality of connectors for communication between the various system
components. If desired, wiring may be included, although instructions included with

the kit may also specific the type of wiring required based on the particular
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The systens described herein may al so be used with nmultiple 15constant or
vari abl e speed fans to nmaintain duct static pressure requirenents. The
enbodi mrenwodesxr7dtaed above t hat adjusts the speed of a wamitsbéiernspeed fan
as spaces becone occupi ed/ unoccupi ed is such an exanple. A constant speed
fan may be associated with one or nore spaces. As each space changes

bet ween occuphsdllationc Additemakssnsirtmedides and @owsseeneatetmparenbpciap

ener gi zed/ de-.ener qi. zed 20s { s i .

adai 01 onal |y, SR EBRsoRE Sl EmiE R Aol bt R O PRSI o
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controller sensors nay In the ki QO her conponents desired or
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bet ween tl!Qe various sys %emeﬁfg}bepéeﬁ&?% ,rewzreﬁﬁ%gwabee i ncl uded,
al t hough i nstyGlakORs a Chbidaen WE hdtdivhR akll soffRirealThe tc?clﬂﬁ@l'o%y dedchiBed Ype of
Wi ring required based on the particular 16 installation. Additional sensor

modul es and pwein cgehercatized insdenislized deshianpnisae cempuisy Sistams or Mgy exanpl e)
may be availa L@gﬁﬁ%gg%?ﬁ%"%{,%ﬁ% fl ergrﬁre}e efntsti?g (s#(r'tee:lldva a}dg‘g%'rs’éi{é}gl"%{e}(con}l%ed

controller ma e necessary s maar e requl red
for use of thengsirefstems. Ahb &imbdf computsnkygeth at bthesapmedttvmiaptedeyr be

5i ncl uded on various types_ of storage nedia ( . DVDs, USB drives, etc.)
for upl oadd t cCaEyELH degmetbods despriedriereia l%%llt(ﬁzgséste‘éﬂlcélscoffﬁ’énaé@ﬁ ol ler, or

If the PCis ﬁb&&&aﬂegpgr@@éw&%ggge \é’igEﬂer%]]rkglrff&Eicaﬁlrpgfeg dswm%mpusefst em as

a user or service | ce. Itiona websi resses and passwords
may be i ncl udgdgiam thhe whieh beingtloadet] iand sxdcoted peapgrodntbe tampetedsysteimagbd f r om
a website on the internet., 10The techpo . descri bed herein can be
realized in hAPdhsgEes out the methods descr1p>e(1 Betin
The technology described herein also can be embedded in a computer
20  program product, which comprises all the features enabling the implementation of
the methods described herein, and which when loaded in a computer system is able
to carry out these methods. Computer program in the present context means any
expression, in any language, code or notation, of a set of instructions intended to
cause a system having an information processing capability to perform a particular
25  function either directly or after either or both of the following: a) conversion to
another language, code or notation; b) reproduction in a different material form.
In the embodiments described above, the software may be configured
to run on any computer or workstation such as a PC or PC-compatible machine, an
Apple Macintosh, a Sun workstation, a dedicated variable-volume exhaust system,
30 etc. In general, any device can be used as long as it is able to perform all of the
functions and capabilities described herein. The particular type of computer,
workstation, or system is not central to the technology, nor is the configuration,

location, or design of a database, which may be flat-file, relational, or object-

oriented, and may include one or more physical and/or logical components.
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software, or a conbination of hardware and software. The technol ogy

descri bed herein can be realized in a centralized fashion in one conputer
syst em orwOreor/dBsiir i but ed fashi on where different el emporasarie/ospsead
across several interconnected conputer systens. Any kind of computer system
or other apparatus adapted for 15carrying out the nethods described herein
is suited. A typical cohisseateromapinchaiedvwetworirintesfade coatisuasly ¢sanectefbner al

pur pose conput system wi th a conputer programdthat .. when bei | oaded and
execut ed, contP_S%‘T% YR ’%%ﬁé?pp ST lggcg? PR lchl?y %lg?errlsegsus rﬁ?’gghe net hods
descri bed hergjplications. LE£HpRIaPEYpISRsEHISE thd1@twbik iffesfacean theotgbedded in a
computer 20 program product, which conprises all the features enabling the

i npl ement at i dntestal chmpaRIOYSheIRETeTs HEercHBRBNiFateAYSr WRIPEHDIHESSIPRASEY i n a
comput er ySUAM | 5indBhRntOofAbicHL fRIREEInTH RESHodYIR REnRAQGIAM | n the
X any expression, In an t

present conte nmeans anguage, code or ation, of
a set of i nstfatititdtidg$nteraciodadongclimiss seraers ysd e netravk,vgn aesidendnos mass- on

processing capability to perform g, particular 25function, either directly or
after either JPrRBRHGYVICH (SF‘ﬁbanao}W‘éalsﬁé’? 085“:3&8@%?%‘?‘6}15‘5[‘6&5%’1“%‘?‘3@%9uagg,

code or notat §r¥8@in B%m'b@ﬂi@%%@&jﬁ%ohn E%eai-tifolfl%'f &Heke ﬁﬁfr@ét;doﬁk ah@EfRctuation

In the enbodirrents des ove, the software may be configured to run
on any conputefithefunstohssifahé eahmiety msceonmdisbed PCa cantppbpidsessingmatit ne, an
Appl e Macji nt 08‘?3 p@ Sun wor kstation, a dedicated vari abl e-vol unme exhaust
system et ct P beneral, any device can be used as long as it is able to

performall of the funchiRfs FnGrR@Pmbiileehat@ntol hedpbarieh bf thélGPU
particul ar type of conputer, workstation, or systemis not central to the

t echnol ogy, naxd déffectuate tho npérglionstafoire tetlnodedyms desnribgd sbejie can bg leatediinse,

whi ch be flat-fil i i - OLi . i
uhieh Y, be 1l ok 1 LOTBla s SRS ARV one

2012/ 173844PCH/sida2 @ikt Othd t3&ufibe of RS 8], BEYIc bystdnu fidicAomasiua akmemioey f ace
continuously connected to the network, and thus support nunerous

geogr aphi bal | gllasatem flemanagement nad apprptiemel Bas starpgecdeyipss.cAf a higher
the servers i MYer B SAEERE Iy Bht AEEaRE Cerln e AbRRind A RRRE s ERIRTT  ©F
sequence of i @gneveiginated aeddse edquadts by rdthevifigithetuserrspecific tphefile eohapdlpigg and
the one or more rules as described above.
’ Data communication may take place via any media such as standard
20  telephone lines, LAN or WAN links (e.g., T1, T3, 56kb, X.25), broadband
connections (ISDN, Frame Relay, ATM), wireless links, and so on. Preferably, the
network can carry TCP/IP protocol communications, and HTTP/HTTPS requests
made by the client and the connection between the client and the server can be
communicated over such TCP/IP networks. The type of network is not a limitation,
25  however, and any suitable network may be used. Typical examples of networks that
can serve as the communications network include a wireless or wired Ethernet-based
intranet, a local or wide-area network (LAN or WAN), and/or the global
communications network known as the Internet, which may accommodate many
different communications media and protocols.
30 While there have been described herein what are to be considered
exemplary and preferred embodiments of the present technology, other
modifications of the technology will become apparent to those skilled in the art from
the teachings herein. The particular methods of manufacture and geometries

disclosed herein are exemplary in nature and are not to be considered limiting. It is
18



facilitating interaction anong clients, servers and a network, can reside
on a nmass- storage device (such as a hard disk or optical storage unit) as
wel | as iwoaormi7ss4gdyst em nmenory duri ng operation. Executcorusedi2ihase
instructions and effectuation of the functions of the technology is
acconplished by a central -processing unit 10 S"CPU'). ] A group of
functi onal nobedefse titsited ¢oht sesuradte thyappandedrelaims aH sudpuodifigateis eg falht e t he

operations of the technol a%gg scri bed abpve can be l.ocated.in system
memory (on th‘gltI%IBF%?plrdtra“g%X%pes E‘? ?Pf%noﬁr%@'hi‘g ior(ﬁggﬁe‘glllarté% = %kog%eer ating
system di r eCtg@clib@ b§ xRtk iPafnPls thOWchRN Sty asiRfinéd aybdifferchtiaed irog such as
menory 15all ocation; file managenent, and operation of mass storage

devi ces. At afoHpyingrelaimsesnd all eavivatedls. bl ock, inpl enented as a series of
stored instructions, re§@$pg%b$8(fklent-originated access requests by
retrieving the user-specCitic pro?l e and applying the one or nore rules as
descri bed above. Data communi cation may take place via any nedia such as
standard 20 tel ephone lines, LAN or WAN links (e.g., Ti, T3, 56kb, X 25),
br oadband connections (ISDN, Frane Relay, ATM, wreless links, and so on
Preferably, the network can carry TCP/IP protocol comunications, and

HTTP/ HTTPS requests nmade by the client and the connecti on between the
client and the server can be comuni cated over such TCP/IP networks. The
type of network is not a limtation, 25 however, and any suitable network
may be used. Typical exanples of networks that can serve as the

comuni cations network include a wreless or wired Ethernet-based intranet,
a local or w de-area network (LAN or WAN), and/or the gl obal comrunications
networ k known as the Internet, which may acconmodate nany different

comuni cations nedia and protocols. 30Wile there have been descri bed
herein what are to be consi dered exenplary and preferred enbodi nents of the
present technol ogy, other nodifications of the technology will becone
apparent to those skilled in the art fromthe teachings herein. The
particul ar met hods of manufacture and geonetries disclosed herein are
exenplary in nature and are not to be considered [imting. It is 18
therefore desired to be secured in the appended clains all such

nodi fications as fall within the spirit and scope of the technol ogy.
Accordingly, what is desired to be
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secured by Letters Patent is the technology as defined and differentiated
inthe followng clains, and all equivalents. 5What is clainmed is: CLAI M
1. An exhwo=vizyst4em f or exhausting air froma space, tIlreTAShE2SY11SYSt Eem
conpri si ng: a vari abl e-vol unme exhaust air noving system conprising at
| east one fan conprising an inlet and an outlet; a duct connected to the

i nlet; @bABUSI et nozzl e having a variable cross-sectional outlet
area, the outlet nozzle fluidly connected to the outlet; a selectively
oper abl e bypass danper fluidly connected to the inlet; a sensor for

detecting at ] east, one of a ure condi.ton and a flow c nd|t|on in the
exhaust systeh andd e’?haUSt%'S@B"r@FS’F %@ﬁ#’B@%ﬁ?ﬁ%gﬁ‘?xﬁﬁusﬁ)ﬁg%{? | east one
fan, the outlgh, gﬁg.e, and the bypass danper, based at least in part on a
S|gnal sent fromt sensor. 2. The exhaust systemof claim 1, wherein the
sensor conprises aapne@khwﬁumensbmwtmca@e@gwnﬁmmsmdmm$ugwmbﬁéwmcﬁhe at

| east one fan co r| ses &V ({I abl % Speed fan; and wherein the control
syst em nodul atP8PTE GG chpn Wb abl e speed fan based at |east in part
on a signal sent fg@myk&gwggasgﬂwhﬁkthe control system 3. The exhaust

system of claiml, wherein the sensor conprises a veI00|ta sensor
| ocat ed proxi nat e aheutistnozsde haying %Va-'f@hhi cross-secijgnat aptiet area, BeAEHYl system

nodul ates the o%l%sfﬁuc?l C% N3l t8;fﬁ rea of the outlet nozzle based at
| east in part ofn a si sent e sensor to the control system 4.
The exhaust system §B‘leo¢1lvallympérabw1@)lp€$srﬂatﬂ]ﬁr tlofdily cdnnsytsd enthe inlet;
a sensor for detecting at least one of a pressure condition and a flow
condition in the exhaust system; and
a control system for controlling the at least one fan, the outlet nozzle, and the

bypass damper, based at least in part on a signal sent from the sensor.

2. The exhaust system of claim 1,
wherein the sensor comprises a pressure sensor located in the duct;
wherein the at least one fan comprises a variable speed fan; and
wherein the control system modulates a speed of the variable speed fan based

at least in part on a signal sent from the sensor to the control system.

3. The exhaust system of claim 1,

wherein the sensor comprises a velocity sensor located proximate the outlet

nozzle; and
wherein the control system modulates the cross-sectional outlet area of the

outlet nozzle based at least in part on a signal sent from the sensor to the control

system.

4. The exhaust systém of claim 1, wherein the control system:

varies a speed of the fan based on a static pressure sensed in the duct;

varies the cross-sectional outlet area of the outlet nozzle based on an exhaust
air velocity proximate the nozzle; and

selectively operates the bypass damper based on a need condition.
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varies a speed of the fan based on a static pressure sensed in the duct;
varies the cross-sectional outlet area of the outlet nozzle based on an
exhaust awo 20106844y proxi mate the nozzle; and sel ecti vecy/usparatasst he
bypass danper based on a need condition. WD 2012/173844PCT/ US2012/ 041138
5. The exhaust system of claim4, wherein the need condition conprises at

| east one of an override condition, a lowair flow condition, and a failure

condition. 6. The_exhaust system.,of clajm.l,. wherein.the air .novj system
further conprises egle qxgﬁgsf S%%eén Pgﬂﬁ%ﬁe&'h‘gﬁ@tth? B%Gdfcé’Pd%l)? Hé:u%lplngl% agP?rgStf rom

at | east one @k ofah B0AR doiltiSX RAYWtai RAM coriifidie afld & failufe cod@igixhaust
systemof claiml1l, wherein the outlet nozzle conprises: an exhaust riser

defining a first cross-sectional area; a plurality of danpers

posi tionabl e withi.n the exhaust riser, [ei : It danmper
defines a secbnd- ct s ﬁg%séf’?lsg%l()fgfmenélb%%gltgi 5%@“&% %gtre?{%tlhggrat | east
one actuator dgipriResittiéanbndrehivee AR fan for xhallsingexihfust atdeast @maffa cl ai m
7, wherein the pl uralitx of danpers conprise a first danper and a second
danper, and wieemgind angghapst headsto thhdudhct uat or conprises a first actuator
and a second actuator. 9. The exhaust systemof claim@8, further
conprising a nozzle housing, wherein the first danper and the second danper
are | ocated withi nTldwhaatsyagn ofolimhewhemin the ohibetsionge dehpries: a
separation between the housing and each of the first danper and the second
damper. 10. A vardahavs)eserAeipga st goss-SasUPMY 28¢5t em conpri sing:  at

east one fan havi ghufel B flm Ao A cHibleakiihid ilighatd sl Ghirconnect ed to

the fan inlet; an out aving a variabl e cross-sectional

outl et area, pdseionutfited damazer Idefifidsia scaridycrosaneeiieonsdiates of the exhansprisdreand and
a controller for (a) at least . o of.g(i) epergi zing the fan based on a
static pressure setd@t PIf %%‘@t%&gfp%t r%‘ilgt)he W8F3ti ng a fan speed based
solely on a static pressure sensed in the duct, and (b) for controlling the

cross-sectional area of the outlet nozzle based solely on an exhayst air
vel ocity prox8.mat eTheexhaust slysem of claim 7, wherein the plurality’of dampers comprise a

first damper and a second damper, and wherein the at least one actuator comprises a

first actuator and a second actuator.

9. The exhaust system of claim 8, further comprising a nozzle housing, wherein
the first damper and the second damper are located within the housing, and wherein
the housing defines a separation between the housing and each of the first damper

and the second damper.

10. A variable-volume exhaust air moving system comprising:

at least one fan having an inlet and an outlet;

a duct fluidicly connected to the fan inlet;

an outlet nozzle having a variable cross-sectional outlet area, the outlet
nozzle fluidicly connected to the fan outlet; and

a controller for (a) at least one of (i) energizing the fan based on a static
pressure sensed in the duct and (ii) modulating a fan speed based solely on a static
pressure sensed in the duct, and (b) for controlling the cross-sectional area of the

outlet nozzle based solely on an exhaust air velocity proximate the nozzle.
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WO 2012/ 173844PCT/ US2012/ 041138 11. The exhaust air noving systemof claim
10, wherein the variabl e-vol une exhaust air noving system further conprises
a sel ectiweltopss4abl e bypass danper, and wherein the ceotrruskéiensnper at es
t he bypass danper when the cross-sectional outlet area of the outlet nozzle
is at a mnimumoutlet area. 12. The exhaust air noving systemof claim
10, wherein tHe vdFheatxheustairumeimxsyaEtes obélaimbldiwhgray theevaripbletvodyme onpri ses

a selectivel y-operabl e bypass d er, and wherein the cantroller operates
the bypass _da‘ﬁ‘gg‘tm BaSRY T Syéfenf _ r?)(ﬁgprbﬁes ﬁﬁGISQ}EVreﬁX'a%er%bgﬁémals%(rilémge%l ow air
fl ow condi ti ofg Ageif thedddntoBerCprettés 1B bypaks dariPeraxtitalibé cloddiseeyisham
conprising: a fan; an fan outlet nozzle; a novabl e danper |ocated in the

nozzl e; and outlet arga pf taonteti nogriengaladyminmmaItigodrthg t he danper based on
an exhaust air velocity at the nozzle. 14. The exhaust fan system of claim
10, wherein the flow nonitoring system conprises a sensor |ocated proximte
an inlet of tipe fahe ahdusthredving hetdoh ofielaimi 0,orhengin slystaeimbleatatuhat es t he

exhaust air velocity at .the nozzle based at |east iln lg%rt gn an out put from
the sensor anekhaustairaRe\inmpysisye Bgthsr comprises & seleqliyel yoRgehlE QYRASS 3P ol | i ng

a_vari abl e- Vol GENGHS Lo RLETS ALPIL B Bls AabBih baedieh 16BPDRSIER to L he

fan, and an o nozzl e conprising a v abl e cross-sectional area, the
met hod conpr i evengdd dvmdiionps lof air layw @amnditmasandentailofe;conditioner gi zi ng the fan
based on a static pressure sensed in the duct; and controlling a fan speed
based solely on a static pressure sensed in the duct; and (b) varying the

cross-sectiongd ar &g QfhadshBnQylibficoRRFRing: Pased solely on an exhaust air
vel ocity proximate the nozzfle.

a fan;

an fan outlet nozzle;

a movable damper located in the nozzle; and

a flow-monitoring system for moving the damper based on an exhaust air

velocity at the nozzle.

14.  The exhaust fan system of claim 10, wherein the flow-monitoring system
comprises a sensor located proximate an inlet of the fan, and wherein the flow-
monitoring system calculates the exhaust air velocity at the nozzle based at least in

part on an output from the sensor and a rotational speed of the fan.

15. A method of controlling a variable-volume exhaust system comprising a fan,
a duct connected to the fan, and an outlet nozzle comprising a variable cross-
sectional area, the method comprising the steps of:
(a) at least one of:
energizing the fan based on a static pressure sensed in the duct; and
controlling a fan speed based solely on a static pressure sensed in the
duct; and
(b) varying the cross-sectional area of the outlet nozzle based solely on

an exhaust air velocity proximate the nozzle.
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